PROCESSI NG ADS FOR ELASTOVERI C COVPCSI TI ONS FI ELD OF THE | NVENTI ON

[ 00011The waverttoraxasr el ates to processing aids for use ipCtig2005045978
production of elastoneric conpositions. In particular, the invention
rel ates to processing aids including functionalized polynmers for use
in the production of elastoneric conmposSitions. BACKGROUNDO [0002]In
the tire industry, manufacturers of tires and tire conponents have
endl eSs choi ces when _fabricating such itens. For exanple, the

sel ection of ingredi B&%ES%NQ@%E%%MIOMEM aPMPESHRONS es and
tire conmponents depends upon the bal ance of properties desired and
the end use such as bias or radial, and its intended end use (e.qg.,

ai rcraft, truflFIIEOF DHEANVEIOHICON) . [ 0003] An equal Iy inportant
consideration in the selection of ingredients can be the ability to
efficiently process the individual conponents into batch rubber

ey AN e P e el BOEAA AR ECROEAGHR R NORA ncb 1R36e WEHERSh of
rubber m xes. For exanple dry solids, ‘partictlarly dist e

particl es |i kelaftpiede sompesitityes. ebspdriicdar, tlwoimweytinh sttt progédsigl diys
wei ghed into th@ required qnngntﬁ for hatch pro uctign in internal
mi xers such a¥° g%%ﬁaﬁf}ﬂ‘?y@ sPOBEFR $B) PRfs Buldh BOIBdtad Ogoql%ﬁ@ﬂ%r}c
may require cedrhpdi@idpgt 0 small er nore nmanageabl e sizes so that

requi red anmounts for batch production are exactly added. Liquids have
t he sane probl ens of conveyi ng, weighing, but also may have the added
concerns due i L-ﬁ(ﬂ{,atility and ability to flow wi thout spillage
For exanple, a'viscous liquid nay require heating in order to pronote
required flow rates for accurate wei ghing and adding to the batch
internal m xer w thout the generation of volatile gas em ssions. 2

[ 0004] Mor eovel®902i he 3R Ere HERHE reamigntwemsse tigs and ttive sompapentelave

rubber n‘ixes].mlgéé I d Q@Q{ 0 e ecifig factory ..
equi pnent usee. ﬁd“;ff’mﬁg%%eﬁ t ?ag)gilao ﬁ%b%uﬁg%lp'edﬁé)rug%%# R g%es Ses%%]lﬁ?nagf
Mooney Vi scosingsediemts fob treeyonsmencizb fatadultons afitikes antpipe tamponaitd epeads
and paraneters to age in helping to optimze manufacturing
efficiency, p#HY q;}gl%%faﬁ?}? %éjmeaer&%g%ﬁr%ﬁ% Hressigise Furly A Rias o Frsisdyanst
Lo m xing_Suchs @l kndfidel(8.g. LA rilifns, GALRARBER, extruder s, and
the like can differ significantly in production volunes and rates and
in operating tenperatures throughout factories throughout the world.
Thus, a requi nt f.or_an,ingredient f.or these, mxes.is |Lts ilit
to contribut efoﬁdéFt he Aena%_ %Y_I%PB%%rgsp’loﬂag%fﬁ?rh@ @ﬁ(‘?ﬁ\%gdm? 8%5’@[‘%2‘?%9%
| n particul arbe iMeeibilighe ietidibnily pivaésspRE idiaedl dddhohbh® ihBl lash HPek
for air inperneability, such as the tire innerliner, manufacturers
have applied B%¢pranddnerthe Hthea dnwastreant praressing iof theisd vspired dibbsemides.

"butyl" rubb [0 i odi.nent.s. 005] But yl .
rubbers,  gene S PR S IRES Py R IR TR Die bt b Y easity
optional |y hadingeneyel and aaneomatitelipreeighap phtb oht i requiekde atdubielof batch
ability to inpart desirable air inperneability,pbroperties for the
tire. Hal obu@Pd‘F%’BﬁéPslnﬁeﬁ%ld@’éﬁ%ﬁt Bhst Banbugh peryxess. ¢ Bulle splidls, pushsas

of choice foryadd t I Jy it d i |l f er.
t ruck/ bus, 'an%@égi ?(gr?gl? {}’ apg I Ijle@g%% gﬁghg grgé:,s gr&slél)? gérrpﬂﬁggg%g% Sr%gtseo ntpat
No. 5,922, 153equires. arRatnenfor Natchhrd@iiibh Gre &ERclly 202B4Biqanid Hake thelsdie

998. Brom)buhélbrubbefr, chl,orobutyl rubbers, and branched
(" st ar - br anc HEQP IS AT SGRYEYiRG Wriehine, b péosmay bayes the adgled sengsaasedie to

el astoner s t hgtir ¢8R r psikiat ; ; Cif i.catl -
BXXPROTM el ast o1 frer S 1( E,x%%ndh%lgﬁltggﬁwg%m%gﬂrr%gﬁy%?&;—%&g?pgéﬁ,a ﬁ%o?lgﬁqmd
general |y, hahggeqaire featingdo mrdsspo pyomeots rafuied clout wtesfor andrate weighing
par a- net hyl styr.eng,. have al so, heen of parti.cul ar interest due taq
their inpr ove%gn?@n?:ﬁ/g)r %?er gﬂﬁdﬁ‘il W&‘Fa?ﬂﬁl?‘ﬂ “P@‘BBTEFI?. sensgationopl ¥alais) sas
U S. Patent Ngnisferdd3, 327, U.S. Patent No. 5,386,864, U S. Patent

()

Q



[ 00101The i provi des for processes to produce el neric
s conposi ti g;nd;?(ﬁ?/hjéog%r ocesses conprising contacting at le (f’lt/ﬁ%msmatsws

el astonmer with a processing aid, wherein the processing aid conprises
at | east one functionalized pol yner havimg at |east one anhydride
group. [0011] 1 n another enbodi ment, the invention also provides for
articles such as innerliners for tires produced fromthe

af or enent i ongehoe] ast dMeedver, HhePaHicr idoRstrddET PrdcERIESCRR N ddF b
| NVENTI ON [ 0012] Vari qus specific enbodi nents, versions and exanpl es
of the i nventdigRs wey bedushlydeprnsdent unoa, the Apdcify fagtopy equipment used. Thus,

“enbodi nent s I 04§ e rein far r po of .

under Ist andi n 3)?(?%62&%’: g%l %gﬂlﬁﬁl\;}% ﬁ{uibg%\rl m?%8 %&ﬁ? A 3 ?\g?%}eg nv(}%cogﬁy %83 ﬁ@ﬁ‘i’@y

Tabl e " G oupstorch values vamberbepomtait yelieil® el pariveiBRItb afiagd 3D helping to

G oups is used.as found in HAWEY' S CONDENSED CHEM CAL DI g‘l_’l O\IAEY, P

852t ( 1|3|t h ed oPRYWAmATBadReHECKFD Pay ioulanly Waﬁ@ep@r?ﬁm?@fqtfmem
artia or : Sa: ot a

p y sﬁl?%%ﬂ!rl%% B8 h bR YORE Si02 380 Oh) L8 b Pind the

vol une of the s ynmer nay 'be use re

hormpo: yner s like oq{zm:c dififer signiﬁdafﬁ]adhwmmtiph _e.ro}hﬁhwrlaﬁcb‘ rate$ @nd Lih kspat-S@g
a copolyner nay refer to ol ynmer, conprising at |east two nononers,
optional ly mf%lﬁp%ﬁm@s %Hgbfg%tsfizct?%fg{%hﬁmég%&%lﬁe rThus, ¢ seqarireamgnt fr
as conpri si Ngy &nFONeREDy thefEmiTRE AR aHiﬁth% S&I‘f‘tﬁ%u o ttﬂ.éeea‘a)@l){ ﬁ%&es‘sﬁgto?e
pol ynerized formof the nmononer or i1n the derivative fTormithe

mpnoner . Howdweuncufesk rubheremides.r éf paivlar, tieenpfabreingahpt pagiiog of te tire
(respective) oner or the |ike i used as shorthand. Likew se, when
cat al yst conﬁ'g’rv?gﬂfpgnig’éalﬂgg@?rfnﬁ Rflifys sp t?‘ﬁ i%%%ﬁ%&lm%l%%ﬂﬂéreﬁd%%
of the conpoggited a nrikdofRiprodtREeshaRE Ry waEpEka Liesk "bﬁt;llhﬁzbﬁgﬁsn
that the ionic formof the Conponent is the formthat reacts wt the
nononers to pleslemsss indlatines embédimersRubber refers to any pol yner or
conposition of polyners consistent with the ASTM D1566 definition: "a
material that is capable of recovering fromlarge defornmations, and
can be, or afwespdy |Butylabers;dgdnerallys tcap6lyBrsVit GEbbutylbfe QRS S8didhd, Y
insol ubl e (but can swell) in boiling solvent...". Elastonmer is a term
that may be OR@RheHihelagraaiedABry Wiresrreed @ppligation dup e their ability to impart

[ 0018] El ast OgEL1L61.C L sqef er - ANy ositio [ si at
| east one el ggsﬁfgﬁe@r %gﬁgqgigfg#ﬁ%y Igt%oygc?ﬁe ?béglgjng\ot\[/{gl g%er'\i z%%ﬁ%rmﬂg&m

conpound by @&BTddeDibd Gutidfiubben) cire tief polyntets O choios bi pleadicatias tih Gire

material co ouqded_ roman el astggtsr, ausce tible to large

def or mat i ons* BT 4e IPRFS5REE, ELBYS 28F ASIGapHigRiiasy| Seee AB\arDic

appr oxi mat el y1. 4.tk kg a,guz,gsmsi. PREnA0 SARPREURST fm%d;ﬁyy b 187

deforming force". A cured el astoneric conpdsition refers to a
el ast omeri ¢ 2¥hpddomichntyl hebbenashlaredetyd anbbeas, cand hgmpiiedic €'sthr-brehched”)

conprises or, i;S_pr C ing an effectiyve unt of a curative _or
cure packag el}alg%%aﬁag%él%ﬁ é?u%’e 6 ISFD??F%&%W%%CE%‘F?VOWES@?W@H 538 fpgmulated
vul cani zed r fophBEseCRRBIGE NGHplicdidnS 0 2R APR hev it asdrt SRRk AR ChMical
ASTM D1566 definition reféers to a rubber-like material "t hat

repeat edl y capmpansoffieised, by Xhe acneugllzn chaegedatnd d rndooo otdpodyrérs oufjh

a tenperatur racteri.stic _of .t he polynmer,. and in.the
sof t ened st aﬁ%ﬁ@g%g% e%[@ﬁ) 3%%816#}%%5 TSP lAvE SBPS.O %8 rﬂtﬁdﬁpté%‘hlcm&wég ABFrS s
are m cr ophageirsgpaswhedissyet eaBitdhalbutleasbers WSeB0bY BB Sple DS, FRASE
is the hard ﬁo\ll\%msr t hat does not flow at’ roomtenperature, but

o

becomes fl ui 893, Behtled; PatertiNeyiSviss, §Hebrh Patent Applitation PblisationNo.
strength. T%C@f’ fﬁ%S@ hﬁﬁfl%drﬁ 7343?%5&1 ) %85 f@gﬁgh X%ﬁ)gy%g 3%138%‘;1%/ gpsproaches

t her nopl astic astoners eir sticity
typical l'y thef blajdsrof eomeentihUONBROTHSEastdrd2 hith otke HBRRAES) i C
vul cani zate by ASTM D1566 definition refers to "a

[0006] Of the myriad of choices an artisan has in processing the

aforementioned elastomeric compositions, selection of the processing aid is of



t hernopl astic elastonmer with a chemcally cross-1inked rubbery phase,
produced byodysvamioes vul cani zation". Dynam c vul cani zat i paTig82005/045973
process of intimate nelt m xing of a thernoplastic polyner and a
suitabl e reactive rubbery polyner to generate a thernoplastic

el astomer with a chemically cross-1inked3rubbery phase...". The
rubbery phase, whether or not cross-linked, is typically the mnor or
di spersed phase. .[0022] The term "phr" is parts per hundred rubber or
"parts", and PEVAIGERPOFEIEoMAIACISHNE hidnare \iRe FBPOTtand ngsoRidattonf when

conposition j : ... of l...Of el ast
composit ! on ahBeTEARYIAASh B byt Pbaly ) Leptat b el ant L
one, two, threkthe@oradoire, thef fodliterif thaibhigporeenatBokBaped Hut @8uTkd kife B
given recipe ig always defined as. 100 ph. Al other non-rubber

conponent s ar ¥eE foe8e Agathes cakieh "gren fasks's argd/or thsp dpwasteeany grocessing
Covere of cur Sppienc)bPHHARR BfRRL) HEWRESE Sl EnATE roctiig

conposi ti ons @dsedmenufabterearanen reffealt thee caiditianst b nwhichr theb efastoiretodte
the need to recal cu atfpﬁg‘s%c%%s for every conponent after adjusting

level s of onl BFOBTET &} X iaspEnnstitcs Of the ond yep attivinsiprpducedl bychases
to any nmonoONe{,diguéRg F&P@)Eéﬁnﬂmrﬁléi@éfbid%of?%ngﬁcosh?i ShREES AlHE mix may

embodi nent, the multiolefin i's any nonomer “conprising two conj ugate

doubl e bonds &lowh fors an ivouepseg it edodiictiore rhteke Hewpveendoo low of a Mooney

[ 0025] | sobutyl.ene.. based el astoner or polyner refers . to el asfoners or ~
pol yners compPre&riy ey [ n‘?ﬁ‘?rﬁﬁ%"ﬁé‘%e% gﬁﬁﬁ{l% scf?fh(?rrﬂ’% f gnix ()
[ 0026] Hydr ocagdi@niall®figdrsasiny fRAekse Siilade 3BALEaRlin T #fdoh&F scorch of
containing prinarily hydrogen and carbon atons. In some enmbodinents,

hydr ocar bon aihg smriel ydller Haixoger Allew the rust of higter lopdratogriboperatumet of

ver si ons cont. akfi t??ﬁ i ed in nore detail bel ow.

[ 0027] Al kyl r@pgf@gf’gggg%%?’a |rd1$r§’ %93&%@@?%% group which nay be

derived froman allcme by dropping one or nore hydrogens fromthe

foimula, such as, for exanple,, a nethyl %rou or an et

. p (GRB), hyl
group ( CH3CH2POO7ht ¢ Ip Ghe ayass yindpeire senera Ly apspaiesc distilateg s %/fﬁ@t the

forms a ring t r -] St i:
for exanpl o Baneg 10fst b ACICEILELIE S A BTREIE, SOTRANIIRRHE]:
typi cal | y poszdssixaircethesiof talassiHt & thepdocessify ofslastomnatic eorhposiiiddsi See,

oromat 1 & compBuART LT SpBreg She bR T s Bverele, btk re. rHoweics
such as, for @sanpliRse dnRBERHs ﬂﬁ?‘%@svﬁ%cree&ﬁ%z%%ﬁ%ﬁggfrtﬁé &S

to at |east one hydrogen group being replaced by at
substituent s@pmabraag sighors the omedicenpMere frsbgilye polybhiene ipneEessmpailnkave

fluorine, or ; odi amno,, nitro,. sulf sul fonate or Kyl . -
sul fonate), t el%glo?%qaf(%/rgrﬁls oqe,ca"gﬁd’fﬁ%f&r%%o(}% té!r?éﬂcf’t ?P%Fin?ﬁgﬁlgx‘)fﬂw air ()
br anched chai rﬁer_hBJ.\ahélgoﬁlF)b@erﬁGNlﬁw DeMtATAFEhBThEN déMSbRISSpEMENYF an in-

et hyl, propyl, isopropyl, normnal butfyﬁlp, I'sobutyl, secondag}y but yl ,

tertiary butylervies dre agd kesin tiss manylsetusingbr Saec lierd exdiapls, Bl.%okaient No.
having 1 to n o] Na, I e fOL,: ex | e

et hoxy, pr opg%;]/@l{fsbgpr[’g%o@%te u?ﬁ cﬁfg@ltl%glo;%l%%@?/t,mnsec nd%?@@é?g , WO

tertiary but @002/3289hefMQ| 2602/3299apEMOyY ROXY32998X YIWOX 200DR2BLYT 06 WO
octyl oxy, nonyl and decyl oxy; hal oal kyl, which nmeans straight or

0X
branched chai 03{(%97091%?1%@1 uset B zolbaimenreeessmewaids hrapseseuBsa j redicald

b | i .. eh h
oF omorret nyl , “FPaRs Slpadt lladsGls e bithe BXB0RIE A S R M Igyen
2- f 1 uor oet hylpoiBraiation prozpstes ndt distihmpioay fiondthe k&!&ﬁﬁﬁ beRess. 4-

chl orobutyl, 4-fluorobutyl, dichloronethyl, dibrononethyl,
di fl uoronet hyl, diiodonethyl, 2,2-dichloroethyl, 2,2-dibronoethyl,

2,2-difluoroghfpyf . 30%erdibatlRERRN Wilencdy Jndhdd VRIPPIARYI58874 and 1P
2003292705.




9 WIey &ngﬁ . 4th ed. 1993). Non-limting exarrpl

< unsat ur at ?astorrers useful in the nmethod and conposi ti gglf)sz]oost(qﬁtaws
present invention are poly(isobutyl ene-co-isoprene), polyisoprene,

pol ybut adi ene, pol yi sobutyl ene, pol y(stw ene-co-but adi ene), natural
rubber, star-branched butyl rubber, and m xtures thereof. Useful

el astonmers in the present invention can be nade by any suitable neans
knO\If]mdi nfthe{{gmsq arﬂﬂowa@elrj revemtmor idp méllnbﬁs ear8 hédded e@d Byovide more
met hod of produycing el.astonmer. [0032 astomeri c conpositions nmay
conpri se at PBAYS 6?%%6#’911’% ik b aBE}F‘i/IO%JE}BB%‘?@S g pesplsagerpynust
reacting a Myl sionTAGHE SeisblE off b1tk RuA e ;f%éféﬁéd%)n Bprt?
to C7 isool ef m nobnonmer conpdnent suc as I sobutyl'ene a

mul ti ol efin, oﬂﬂreodmrrem‘,q)rqmrtmstof théepécsiiobsd se articien EFOE' argeapler iy 61

to 99.5 wmt % ht total non tureln one enbodi nent,
and 85 to 9‘5% R%ﬁ?g‘f) %ftlﬁ po Fﬁ@%ﬁrﬁyﬂ?é B CRRIENG CHBRYHE AT 2
i's present i grdH8oHRARMAR] th @gé}ﬂfiéa%ﬂfit?g)@“éh;egﬁglrggrgﬁ%dé‘&@g&n%eandlor geduce

enbodi ment, and from15 to wt % I'n ye
anot her errbodlenlancqssmgamt&cummoﬁthatmfedtﬂmbba:mmmmr Thexpresent iisvention

mul tiolefm 3].The | olefin.is a CA .0 C7 nmpoun non-ljmtin
el es of GHALH 1 o HoBiaing, cibre ook Gt it SRS NeEa SpPues be use O
2-met hyl - 1- b?f&@@mg@iﬂ@ﬁbﬂlﬁﬂéﬂﬁ&[@lﬂl&dmméma&%&@@ﬁﬂeﬁl but ene,

2- but ene, vinyl ether, indene, vinyltrinmethylsilane, hexene,
and 4- nethyl-l-pentene The nmultiolefmis a &4 to Cl4 nultiolefin
such as |sop , -di et hyl- 1, 3- but adi ene, myrcene,

6, 6- di et hyl - ?@@@é@gfﬁﬁt ﬁgﬁgﬁnggfopentadiene, and pi peryl ene, and
ot her nononers such as disclosed in EP 0 279 456, U.S. Patent No.

5,506,316 and U.S. Patent No., 5,162,425. O her polynerizabl e nononers
such as styr@&¥®land H%Hﬂﬁ?mrlé‘ﬁ@d&? efos| PErcgeres alp epraguce  elastomeric

honopol ymner i A

enbodi nent og&ﬁh&ﬁb tyﬁl%plgjgé s @%e%éop Iﬁ%&%knve ?oﬁ F%B}eélv‘ﬁglda
by reacting Pfoctssin@Oail, whetenf thesprbcﬁsylhgraed wbiapriées ot UensBoid Fariciopiiene,
or fromO0.5 wt%to 5.0 w%iso in yet another embodinent. Butyl
rubbers and H%Iﬁ'Wﬁ’éll%anPg ?H@?srmﬁ??&%)@?idﬁﬁmé‘ﬁ’e described in detail in,
for exanple, U S. Patent No. 2,356,128, U S. Patent No. 3,968, 076,
U. S. Patent No. 4,474,924, U. S. Patent No. 10 4,068,051 and U S

Pat ent No. 5{0882, 31dn aSe@,er ainbodimad, 2g0inve5R82850 mﬁeﬂﬂdraﬁ%@ﬂsuch\&
2004/ 058835, . WO.200 8836 V\Odé%gﬁ%% 825 tWD %0’% 43067577 an
2004/ 058829, "FEHSHACE BieREPIoAF G T b
is BXXONTM BUTYL Grades of poly(i sobutyl ene-co-i soprene), having a
Mooney viscosity of from30 to 56 (M + 8 at 125C) (ExxonMobi |
Cheni cal ConP LE@L@ESQRIRWNNFO'?HEMM@{ al exanple of a

desi rabl e butyl -type rubber is VI STANEXTm pol yi sobut yl ene rubber

havi ng a nol ecul ar wei ght viscosity average of fromO0.75 to 2.34 x
106 ( ExxonMopiol2} Che W gius Gpeqifio ymbbiditifeh e veri$hs afd 8farkslaneidd ilBkeniibn
Rubber [0035] Anot her enbodi ment of the butyl rubber useful in the

i nvention i sWal BPYrRendegcnbed; drelpding prrdpraert epbeqimenishinds defipijiops that are

bb U. S. Patent
No. 5, 182, 33y e A prepbsof b BBl 8 il e . % 1
star-branched butyl rubber ("SBB") is a conposition of a butyl
Copol yrrer . olFbr hanGgErRcedo deriast. Tobi "DFUBRLI B TFY THBEDF G by
the method of,fgem &%&@3@@@ qu& 9'1}%Q&e§ke§éﬂd0fd;pl 3 \é‘yé“ﬁom%&san

br anchi ng agents ( ereln po y I enes"), "are

cati oni cal | yCHeartar NEcaicararyer PR8I edUBPTY t he pol yneri zation of
the butyl or hal ogenated butyl rubber, or can be blended with the
butyl rubber to formthe SBB. The branchi ng agent or pol ydi ene can be

[0014] Slurry refers to a volume of diluent comprising polymers that have

precipitated from the diluent, monomers, Lewis acid, and initiator. The shury



Patent No. 4,513,116 and U. S. Patent No. 5,681,901. In one

enbodi mentWORKEW7#GE yl rubber is hal ogenated i n hexane dPCD@RL008D45978
from4 to 60C using bromne (Br2) or chlorine (Cl2) as the

hal ogenati on agent. The hal ogenated butyl rubber has a Money
Viscosity of from20 to 70 (M. 1+8 at 12§C) in one enbodi ment, and
from25 to 55 in another enbodi nent. The hal ogen % is fromO0.1 to
10 vt % based in on the 'Wetb%htl()f t he hal %gnate but yl rIub er in.one
enbodi nent, afGFIHEHH. 8 1o VBMRYPFY, rPaE Y0 PhErRRPletely pageipitated
anot her errbodgagﬁgys&Q@&%@g&m%&@&ﬁl@%ﬁ@[ogenat ed butyl rubber
is fromlto 2.5 % [0039] A comrercial enbddi nent of a suitable

hal ogenat ed butyl rubber of the present invention is Bronobutyl 2222
( ExxonMbbi | i cal an uston, TX)..Ilts oney. viscosity i
from27 to 3%? 1+§%§{&D?f2 Y IVISEdlzt(})l%?f%r, %%BW}B ML d °F eTS,
broni ne cont epterpSlyheRMekp@yiners? e, WAk wRkak ic¥foliRet BRyBeRIDW Yiymer
2222. Further, cure characteristics of Bronobutyl 2222 are as

fol l ows: MH ieomprisingd least o mpnomers) oftionglbowitlz othsr i@ndnters. ( ASTM
D2084). Anot her comrerci al enbodi nent of the hal ogenated butyl rubber
i s Bronobutyl 2255 (DownMobil Chem cal Conpany, Houston, TX). Its
Mooney Vi scosjobss] i S fWhen #olymebik refdkred t8adéordmhing AMBNRAEE 48 moader
the bromne content is from1.8 to 2.2 w% Further, cure .
char act eri st i BsPIETenBiR b ReYImer A5 sthe melwrerizef | fows: ofviei moporaen gu in dhe
48 dl\lcm M. 4d : -r h

Hal ogenat ed B%%réqaﬁ%ﬁfké# t?}goli%il%&éno %\gérb\‘%g’lr\rﬂggﬁ?%%%) f (?fg%é?r}aéé?%%e 87°
t he i nvent i ongorgprisdrantiadekspectivs} mprbmanatiae likbad ogadnatshdribardy | Liketber
is used. In one enbadi nent, the hal ogenated star-branched _ butyl
rubber is a c‘@ﬁﬁb@tﬁyﬁﬁogﬁoﬁeﬁﬁﬁl Jeﬁ%ﬁl?glas CEPPHENE MENEY stble s of dhe
and a pol ydi g ] Lther enaLe I .

hal ogenati on é@é@élggds% lfsdg',glg)(r%ih%éergtroiocrll%gedtﬁ gis}cmlégq%. S. ngée{ﬁPQﬁ%?c Kifh o
4,074, 035, U.8e cpapermt Ndhe Sr0inthaioessts Wits thPabeemeNdo pfoda8SpdPrersy. S.
Patent No. 5,182,333 and U. S. Patent No. 6,228,978. The invention is
not limted by the nmethod of fining the hal ogenated star branched
butyl rubber.odhg polRBbenesd ke aky HoRIheY MR conPosiioa oMY WdhSistent
(hereinafter "pol ydi enesg , are typically cationjcally reactive and
are present doHhakp AREMpEIYAR defuitipen aohaterial that ifl capablh af sepomeriegifrom

butyl rubber, - e i L y | ogenat ed_but vyl .
rubber to forlﬁﬁpgehae:&%a glé)g%i:#eﬁgﬂff %B}ag%%ﬂg% E‘Sg i/ffe ?tﬁ)b gtra - ]’Fh‘é(ﬁl(;h 11[ 18
bL anchi ng age&s_&emiallpdilae}odi@mgblﬁamnﬁﬁwﬂmh bui;clmgﬁ:cnﬁrghf.aﬁpfﬂlﬂgoﬂgﬁmi téhd
the invention is not limited to the type of po i ene used to nake

t he hal ogenat 88t BeRPe pediptEdangeahly W%bﬁ’@rt‘?m{ @@ﬁﬁl}l n one enbodi nent,

t he hal ogenat ed star branched butyl rubber is typically a conposition
of the butyl or hal ogenated butyl rubber as described above and a
copol ymer of [@013dl yditdastoraerit conpausttical ikferdipdmggenaioeidiop @byghising at least
selected fromt h? roup i nﬁl lﬁd‘#g?’ styrene, pol ybutadi ene,

pol yi sopr ene, “H5dHRF B A (dEHRe Bral rubber, styrene-butadiene
rubber, ethyl ene-propyl ene di ene rubber, styrene-butadi ene-styrene
and styrene-isoprene-styrene block 13 copolyners. These pol ydi enes
are present, [Béded o vhieampsiormbbemt@ppamddiyeASTIVARD 1668 dafifition refees to
enbodi nent, anpd fr 0,3,ta 3 %, n _anot her .enbodi ment, and frogmO. 4
D0 57 ar 06 i n Ry OSSR BT P RO RRSDAS] ACEb e Eae stAPRBIR t
of the hal Pgelﬁﬁéeegeféhﬁétidﬂsagf hedmaut fred ‘éwe QU flpR, PRoBREAL recovery to
invention is Bronobutyl 6222 (ExxonMbbi | em cal npany, Houst on,
TX), havi ng seppbwonegtey 8¢ ougingl dimensioss atd 3#HE upAS TnD046)the deformmg
27 to 37, andfa brgrrri ne C%E%)ent. of frog}gz. 2fto 2.6 W&%rel ative to,
the hal ogenat @St & SHFR AR RIS SATRITHISE, Fefes, 1§ 4By elasppmeric composition
characteri stimst Bfs BiRRRELY bua2 grRER ARY/droddrdises ME is Drddiebd 2éinkin

effective amount of a curative or cure package, and is a term used interchangeably

with the term vulcanized rubber compound.

)



no/ NC- Car - -C-HR-CX | , RR wherein R and R _
Wtﬁl @9%@9%3'? aﬂ@wzegsr%ams

- 1 ndependen gen, lower alkyl, such as a C1 to C7 a

primary or secondary al kyl halides and X is a functional group such
as halogen. In an enbodinment, R and Rl ase each hydrogen. Up to 60
nol % of the para-substituted styrene present in the random pol yner
structure may be the functionalized structure (2) above in one
enbodi nent, and in another enbodinent from0.1 to 5 nol% In yet
anot her enbodi nent, the anount of functionalized structure (2) is

fromo.2 to PRY % potwnngplastioyplestrmrribygASEP. Xivg¢ definidomgefarsoto a
rer s ! ) . e
Subst 1t uti on De 28 Al RPN Rl R pETIEHEROEE) Bl BMGLFERNN bl ¢

aci ds; carboxyolas tisougtanbexypenire rangedthagifserttid ofnhdesslyydrxYin the
al koxi de; phenoxi de; thiolate; thioether; xanthate; cyani de; cyanate;

ami no and ni XPXANES Pl €8R. berhdiged (Rt iagides z elhermepastisol cdastamers  are
copol yners, I t rat | .
functionali Zgr,??l'ghf}é%n%ﬁ %&%&1 Q{S%%%%ﬁt%rﬁ‘g?‘?&gi 9 g}leogheaae ilsnﬂ:ti ]ga_rd
Pat ent No. 5pdlyRiesdimt do8OALIlow an rexmb caipeeatine, bhicbeebmet it whewhedtaEs
random pol ymers of isobutyl ene and par a- rretggllgit yrene_ containing from

0.5 to 20 nolé ghreamRArmePRsts ehsiomsey i Hrength dhe othes Phessris erettrebbryy
substituent GroWRS RACSHE! ARmMbPRSRE BEYbmictd e ORbRcly ' i
chl orine at o%] 8'such asglaQ%r om ngﬁgt om pre{lr a(glregn%%r%{tcﬂ% rsr%?féande]%%gég
wel'l as aci dtypicallytthe mhjoror conaluopephaser si ons thereof. 15 [0046]1In
anot her enbodi ment, the functionality is selected such that it can
react or form polar bonds with functional groups present in the

mat ri x pol yngjpzy)f or ﬁﬁﬁ@%@lasﬁ@k@lcaﬁfﬂaﬁ%ﬂﬁ%@@%ls detmetdroRgds to “a
a

groups, when the pol ymer conponents are m xe t high tenperatures.

[0047] | n cer thermoplatisdelastame: withea ehavdiowht oes-linkadsrubheny phase, produced

substanti al | : asifional di stributiap, such that.at
enot 05w olbrOPRETOSRIRERTRE  TRaRR BBy, sndng Sfckei Ohi e
10% of the aupliaginedte hbkidHiyiceRsmeanahe Atsuidblé RRcR@ YMBEry polymer to

Exenpl ary polyners are characterjzed by a narrow_nol ecul ar, wei ght
di stributi onEEMRFHRNG BeErpeasticn glastomep| wigh nat shyriigallye sxospialked rgbbesy

exenpl ary vi i tay i Al r : 0

200, 000 Up- 1 255000, Do BRErBES SRk B0l plol S, DGR HiHhor
wei ght i n t her diapeysedofhake.om 25, 000 to 750, 000 as determ ned by gel
per neati on chromat ography. [0048]1n an enbodi nent, brom nated

pol y(i sobutyl ene-co- p- net hyl styrene) polyners generally contain from
0.1 to 5 nol tuef br opRIREAYHEL NS SRR S BHREed Blidkt ¥E-faPtst NRdLOL Heasure
anmount of nononer derived units 1n the copolyner. |In another

enbodi nent, témemenvuithe ot wWhersim aenpgrentyradppenimesitioprard n2asuweBrelative teq

and fromO0.3 to 2. % 1 n t anot her di t, and fr 4 to
25 toroh i n §eRebRbENd Bl COmERR ofHeCI A T ST I0F i yeer
anot her enboghfiBstentMieHBhdd dhedewb) ARES drafeR AMRrd® rablerCQMNMahkay
of any upper limt wth anyO lower limt. Expressed another way,

exenpl ary copuss§iteinsa EbYrmatasider Bnalpazs defingl ag JOOfphsr ddi ather vas-eublsn
t he wei ght of the | yoer.. f.rom t 0,16 %:br.am ne .i n anot her .
enbod ment , SHIPTH Soaegos gt el oChetle it PR i i PRl in
subst anti al | Thisregy ofie chl @ablB] egBpare) fonakaapmR, i lhelshE imivebagkhirpe
chain. In one enbodi nent, the random polyner Is a copolyner of C4°to

C7 i sool ef i nlagéhigsegtasnibetveenr diffseninewnedsitions pased- pet tyl saye elative

derived uni ‘ . , wher ei h
par a- (hal orePRY RS Eaer ook P L AN T e YT ool
3.0 nol % baseflereidjistiag 1okl oftultbele, 6f mpay asmpdehgbyr ene, and wherein

t he para-nethyl styrene derived units are present from3 to 15 W%
based on the total weight of the polyner in one enbodinent, and WO

[0023] Iscolefin refers to any olefin monomer having at least ome carbon

having two substitutions on that carbon.



[ 0050] The el astoner(s) such as di scussed above may be prepared by a
sl urry polweesi7oaioedn, typically in a diluent conprisi ngear/us2005/045978

hal ogenat ed hydrocarbon(s) such as a chlorinated hydrocarbon and/or a

fluorinated hydrocarbon including mxtures thereof, (see e.g., WO
2004/ 058828, WD 2004/ 058827, WD 2004/ 058835, WD 2004/ 058836, WO
2004/ 058825, WD 2004/ 067577, and WD 2004/ 058829). [0051]In certain
enbodi nents directed to blends, the el astoner(s) as descri bed above
may be conbined with at | east one of the follow ng. General Purpose
Rubber [ 0052]y.gener Mulﬁb’i"eﬁﬂ%@fe{)sutgbﬁ?’mﬁ{otrﬁé? S8 18t Ro@SidRible bonds.
commodity rubber, may be any rubber that usually provides hig
strengt h and yoagrebradicombaineay, i multolefiy 5¢ emgsinenamer bombrising two
resilience. These el st@ﬁngrs re%Hi re anti de(gradag%s. in the m xed
conpound beca‘iﬁ’%lgﬁ‘?g@o CR{lq SPCR 2% & cRYBEeEdicRs ke SOPEIBot h heat and
oxygen, in particular to ozone. They are often easily recognized in
the market because of their low selling prices relative to specialty
el ast omer s arl@26hei r Idobytyesieuhessdotlastomge ars pdyswri tedersbio Stdsamhers nor
RUBBER TECHNQLQGY Cg\IPP(lJNDI ,%Iglg TEI T NG tFO$ EEREO%I\/AIYCE p 125
(Dick, ed., HENERYSCOpHying aylpagtq(anglpe repydt JEIts FrOmReUYIent,  hose
rubbers include natural rubbers (NR), polyisoprene rubber (IR),

pol y(styrene-co-but adi ene) rubber (SBR), pol ybutadi ene rubber (BR),
pol y(i sopr end?®6} but Hadeeatbopupises to(mpRyulesprisegments of molecules containing

21 Yyt one. pr oy FERt FoRRRRn clirtooh i, PR et a iR eptmn e

(EPDM, and tiheludesti beldpeasted ofvesibrdr efahgrocabens eghd Ovasiogenesmhining
pur pose el astoners. [0054] 1 n anot her, enmbodi nent, the conposition may
al so conpri seekTaEons a5 distissedt n gre el belther s are described in
detail by Subran2ani amin RUBBER TECHNOLOGY, p 179-208 (Mrton, ed.,
Chapman & Hall, 1995). Desirabl efl enbodiments of the natural rubbers
of the presertonventilol rafees wed paaffthié hpdeoblrbey graup whichenays be Herdged
SMR CV, SMR 5, SM %110 SNR 20, and SMR 50 and n}rxtu es thereof,
wherein the nSTHPRRKANHBELCRPREODE WoBMHEYITASERS P e sueh &y for
100C (M. 1+4)exgfopfel QA lofodbAGILIR &n RESA 8ABIYILEAY) 40, 10 65. The
Mooney viscosity test referréd to herein’isS in accordance with ASTM
D1646. [0055]1n anot her enbodi nent, the el astoneric conposition may

al so conpris oly adiene.rubber. (BR). The 0 Vi scosity, of

t he pol ybut aﬁ?@ﬁ’g ruggi'lr r%fgﬁn%%sauﬁzggrogzg %%?BO%'OPR/L E%gnﬁ%f rrﬁ’rgg YR
35 to 70, frofudQtetigtiabDatbrfic comapaidlanciesd) s digniple, 886kehe alpithalce,
60 in yet another enbodi nent. Comrercjal —exanpl es of these synthetic

rubbers usef ihensnthgad ailuassne. ictwefd BRiGE RasFess Algerat Keuble dwding

nane BUDENETM:( Coodyear i any, . B . S
I nc., Sarni a!\(' LESgtgarl o(;’EJl )C%g@a]?%%% %eﬁ%@ﬂpé%ﬁea S %&t@dﬁ{r@%
Akron, OH). Am axasd ensounddy dtosgot yhubadoetediaiess BBn thBformula such
"ci s-pol ybut adi gne" or, "hi gh f:i S- pﬁéﬁ% tadiene”, it is nmeant that
1,4-ci s pol yHi§t RarERerle.2 pleayl exgme the anount of cis conponent is
at least 95% A particular exanple of high cis-polybutadiene

commerci al products used in the conposition BUDENETM 1207 or BUNATM
CB 23. [0056][mezspnot Bebstintbd defemsrib ,at idast @iealstdoogeni group bpiagirtplacednimy at

al so conprise a,polyisoprene rubber, an The Mbopey visco y. of _t he,
pol yi sopr eneelF’EEkaPé’F %’z’sﬁ%ﬁﬁ%tu%%ﬁ frpigp dor I\‘?I’_‘a@[%) ePaf‘r @rmomown@o
70, from 40 tg@EReUbr iddndd ahﬁh@ﬂﬁ&@?gulfdmoﬁg@{%? ot@%@rmoﬁﬁ iﬁ?ﬁ’%

in yet another enbodiment.” A cormercial eXa e synt 8’
rubber s usef ulkylihialhendohedreny; alkylesitdigt drsbrhtached NEan228ihy Goo d)earbon

Chem cal Co n Akr.on . 0571, n anot her enbodi nent,. the,
el ast oner i Cnpcag?%%ﬂ}il?kb Hic#%_eps gp%tgyl? elrhyl, propyl? 1sopropy?, normaﬁ but)rzl, isobutyl,
secondary butyl, tertiary butyl, etc.; alkoxy, straight or branched chain alkoxy

having 1 to 20 carbon atoms, and includes, for example, methoxy, ethoxy,

propoxy, isopropoxy, butoxy, isobutoxy, secondary butoxy, tertiary butoxy,

)



conpri se et hyl ene and propyl ene derived units ch_as RPM
- and EPDM yﬁ?@?’tﬁ% Fse addi tional rubbers. Exanples of sui F§§W§2005/045978

conononers in making EPDM are et hylidene norbonene, 1, 4-hexadiene,

di cycl opent adi ene, as well as others. These rubbers are described in
RUBBER TECHNCLOGY, P 260-283 (1995). A suitable ethyl ene-propyl ene
rubber is comrercially available as VI STALONTm ( ExxonMobil Chemi cal
Conmpany, HougentyloxkX}sopbiohl)) Mexytixyahatfleky, axbdetyephylokieand decyloxy;
elastonerlc%gfpmtl% may conprise a terpol yner of )

et hyl ene/ al paloglket Wiigheneans siigiahy o branvhed shaip allsildrving b te &P cathon
fromthe gro ESEin : = [ ' e
but ene and o%it;béfriﬁg%%?e %asr glgg{ltélﬁ% %?gg%g%ﬁé@ng&éltg é%{’ eagg%élg‘ggirﬁgyé’?agwée’
conmponent i s chirentthg], f reombiretigt,oufuconsibst,i ngdehett4l, t @-EROrdinghes2-
Exanpl es of suitabl e djenes include straight chain, hydrocarbon
diolefin or E’WIBP Ylkeﬂrfgpg@ﬁﬁ’é’ﬁi SI@WOHPR ne%glf?ﬁﬁﬂai@i)?ff@nﬂ‘@rﬂﬁomﬂs 4-
carbon at ons. ., 3pesitdll C 48X [ Sty I Ng; [

di enes such gs 1, 4-t$|’exad| ene ‘gﬁa ?{é%%&g%?g@%léntg?&%%)gﬁ'gﬁgﬁckrlﬁe'gﬁé({rﬁgfleﬁlyl’
acyclic di endsiodomnbihgl 52,Petidijorodthdl heXaditeompethyl, 2,2-difluoroethyl, 3,3-
3, 7-dinmethyl-1,6-oct adj ege; .3, 7- dinethyl-1, 7-qctadiene; and_th

m xed i somer & OIBPWHLO%%‘F@@QH@pQHﬁdgh‘(}WWE? e; Esgt‘%l @%P’é’ir iy
alicyclic di gipsoroleh asichl ?orﬁeﬂé;lvpp%ﬁﬂ@&bﬁﬁai 11, 42 CH lﬁb&@ii epg 3.
1, 5- cycl ooct adi ene and 1, 3 8yc| ododecadi ene; €’d) multi gﬂri ng ali c?/’?l’% c
fused and br igideetopionyl, di, hR2scwabiorosthyle andi By2d, ditetdefheropropyl. Thus, for

met hyl t et r ahydr.oindeng; . di.cyel opent adi gne D);

bi cycl o- (2. 2%&3111318135&35?%1%%@&3&&3? %@IIFCIQ%"PW,SW& BAdsene,
and cycl oal | eyl i dene nor bonene, such as 5- nethyl ene-2-norbonene
(M\B), 5-propenyl-2-norbonene, 5-isopropylidene-2- norbonene,

5-et hyl i dene- 2- norbonene (ENB), 5-(4-cycl opentenyl)-2-norbornene,

5- cycl ohexyl mﬁgq{%bgfr bonmene, and 5-vi nyl -2-norbornene (VNB); (e)
cycl oal kenyl -substituted al kenes, such as ally! cycl ohexene, vinyl
cycl ooctene, ally!. cycl odecene, vinyl cycl ododecene. Exanples al so
i ncl ude di cycl opent adi ene,, WD 2007/ 07Q063PCT/ US2005/ 045978 19 .

1. 4- hexadi en&934._ metaﬁV Lrrd elasiompis, e ,1nal'|1118 practice of this invention include
5-et hyl i denej [ f. Gl :

5-et hyl i dene}%?ﬁggég%rﬁr%gﬁ?0®4- e?gdo? g(r)llsei(? 9%?%%%%%%&? gg?\éeﬁgn ésr?gutylene
5-vi nyl - 2- nobissdeaiestorfer oma pelyimef oefeest ioom elagtomar ex arpplyandrowngmising at

artisan m gh ese terpolymner e, far ex l e, U.S. . Patent
No. 6, 245, 85 .ag’gﬁde%’u‘)ggtrﬁpﬁ%lﬂ%‘gsrh%‘&d%‘gﬂ“%ﬁe@neﬂ&%B%ﬁ% cal g described as
secondary el afldefiBEogodyrherSees Cakd I idsBRRboREAIRIPENInR Reh AL isobutylene
functional group such as butadiene-acrylonitrile rubber (NBR, or

nitrile rubbgeyvedaueibpsidyateleasfone- ghepesipmetizable uaitd Theaisbbupidnehesed
Nitriler ubbgé%og%eﬂ?l\éﬁpg%a?%ggbggél%%ﬂh%gcont ent of from10 to 50 Wt %

in one enbodi hot her enbodi nent, and fr.om
18 to 35 wt% in yet another enbodi nent. The Mooney viscosity my
range from 30 to 90 in one enbodi nent (1+4, 100C, ASTM D1646), and

from 30 to 79%H anoihere embodimensiof thp dgeertiopp dies elptomes Hn butsl-type

AND Covpos! TESUR 1 Benghd AT ot BT ol SRS T b
Conmer ci al exlaspiress.of Ubsfsk elystvhedsi cr¢ ubbeihgated eftutyli nubhes phebenk

i nvention a:Tﬁ sol d under the trade n%rres BREONTM . Nl POUrm  SI VI CTM
and ZETPOL TnPEeBAYBsEN 2R | ©ropygiars \af| plefinkyor ispejrepregdTRuRiclefins, or

(Polinmeri Eu i Hoywsd.Rn, :

and THERBANTlEl@lB@F @gﬁygggﬁ%r porati o%%A@%%%GW%%E@g%%EﬁM

enbodi ment, tieeinsedondae ywedl lastvonexd ars desadredviatRupseafTHBRos0G6H Fe309-

hydr ogenat ed car boxyl at.ed or s e ed nitrile rubbers.

But adi ene- ac?§f SMorPR 8- zﬁﬁlgﬁp@ﬁ% & %@é@%bﬂ%ﬁ‘@ﬁ%@@%ﬁ;@%mm
P 105-122 (Ohm ed., R.T. Vanderbilt Co., Inc. 1990), and Kresge and Wang in 8
KIRK-OTHMER ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY, P 934-955 (John




21 in the polymer is preferably less than 10 % and nore preferably
| ess t han vbo wdo%0700be di ene may be any non-conj ugat ed di eper/vb2005045878
comonly used for the vul cani zation of ethylene propyl ene rubbers

i ncluding, but not limted to, ethylidene norbonene, vinyl norbonene,
and di cycl opent adi ene. [0064] 1 n one embodi nent, the sem crystalline
polymer is a randon1copo|yner of propyl ene and at | east one conononer
sel ected fron1ethy|ene - Cl2 a-olefins, and conbinations thereof.

In a particul ¥il ‘31éls‘ff§e§‘ﬁ’ns@fInf”m“ﬁh &b ddPRent Nonfigitag sromplesi AE | uparsarated

t hyl d
oo o o Sty el £ R P ILRR BAE O ¥l by B,
%3[ or 28 vvt;%iy(iﬁgﬁsty&mb@dl Lmtq:ﬂena);aypcﬂm@premml @de/bptad]!mbe npellgfisbbmeléne,
units present in e Ccopo r.in an anm rangi ng om a_ | oyper
it of 72 OIBSEnGras DAt tnlite ZRohs péFal Drached vl vihberggnd
W% 94 wt% gmy}% 9 g}a& d
on the total %BI ght S/Qhe o{hgsﬁ%bﬁgﬁgﬁaﬁgﬁgﬁﬁ%ﬁg@%“ ve mﬁrﬁ%{% 5
i.e., based amitttle nsmmdmowal 1ghhe ety exdh thepimopytionnis-robe hevedul linmiddsbya tiet
wei ght percent t‘gél deri units being 100% [0065] The et hyl ene
conposi ti on dFCEHBIFA ?01’6%#1 askiyred as follows. A thin
honogeneous filmis pressed at a tenperature of about 150C or

greater, then nounted on a Perkin Elner PE 1760 infrared
spect r ophot orfet3ay . AEiastdmeswe componitbfnst Itmey wnmnee fat deasd Otmec buiyi trubber

4000 cm 1 |soﬁ‘§xggg d_and the norre{k}il ght O rcent of can
be cal cul ate REFIGRHE POHITE %”’é" Tt T RO A |t%?18’ Tavitig
82.585 -111. 98TehstH(1 NBEA icRoet BorhfhehiBibch Rfisd wxea\tﬁﬂl 2

hei ght at 1155 crsn(lyyandﬁge%%s%el ght a? gltheﬂrﬂﬁl?ZZ cmllif)rtm%y @
whi chever i s shinghiieiinr peonopis sampaneiin L hefiseplefty isnpriothage fiqm ﬂﬂéo 99 5
pol ynmer can i d

cont ent of d?\é%/fle’?qve%ﬁecﬁ %t&aaeﬁ&h%ﬁur‘g%@%%a%néo%%n%‘g@%% g?é to 99.5
Four : er Tr ?lnswm ?meredn&mﬁﬁiemﬁs cmeyh rrgiﬁleE%n lden@?mémnist \g\hwaei}mi inhthed
sanpl es col |l ecte y GPC. One such_nethod is cribed in eel er an
Wlilis, Appl |rée1%%ctf%!§eo%@;n 3Pofo Q7 Wiie 1 ope embadimengagnd fpry b} Ehp.S

but simlar fiﬂ%l £

wel I known to t ose ‘?}E ed In t%gﬁg}?étt%@%?f ﬂ?gongﬁgﬁngﬁgg}oﬁ?gﬂ# of
and sequence thesiomomatnmmlmflsnh%qdeﬁ:yrrers can be measured by 13C

nucl ear magneti c resonance spectroscopy (13C NVR), and such nethod is
wel | known to those skilled in the art. [0068]1n one enbodi nent, the

sem crystal | ipgspol yThE i$eM8n i8 e&:ﬁor@,rt%ﬁ{ﬁoaﬁ&ﬁmhq&etﬁge%mgeg oA
a narrow conpositional distribution. I'n another enbodinment,

pol yner is a ararsdowoprdspsicines sopalylener isplvnry Qalnﬁféﬁbfl-d;vb‘-kt@ftp@sm@thﬂnhi
di stribution anda I int ete ned of fr m25
T1oc The coiiines TRetRS ALY, E3ullghobmIgE, BhelPE Rl (HRZ Biade

conpri si ng prdpytranehyleame) bskhe, @Iﬂjél-ﬁwthﬂna;bdn&’en@! e, mﬁhﬁlﬂuﬂiaercmﬁ
di stribution of conmononer residues is consistent with the random

statistical pelyRBEPleERSHh oF IsppraneroHBMens, 2,pdimethylbttydadiene, myrcene,
structures, tag jay ﬁﬁ’&eng' ek dIBRNO n; &%Eff d%d?l 9[&?18-{(' ofier

adj acent to orie ano er I'S greater th i Tar

di stribution mondradrs ewacaniiseloret $n WPtIR 7 436718 rPatauPas 51306816 and U.S,
Hi storical ethyl ene-propyl ene copolynmers wi.th stereobl ock structure
have a di strilfiRntoNoof.1o2iibenOthers Polys izahie imenammers, sh e SWI9HE Rdy

structures r gdﬂ%rotsg@tﬂl eark %ﬁ@%ﬁﬁlﬁ%? B%Jﬁg#mfiﬁxéﬁ%éu%ﬂtdr%ggfynﬁéi]%uon in

nononmer residues In e polymer ar conp

di stribution titylaubbsrandmenaskidiment dfethe bpoil yasber palydie afahe finnention by
13C NVR, which l.ocates the conbno r.fesi uei in reI ation to t he

nei ghbori ng PRy hiereagling v o 99I' (“rﬂféﬁ(i%‘ﬁ &5 wth @ g sk Wi e dgpprene, or

di stribution ofihe,RRRGLYIRY idpiek et JLNEEHRY chBSs RN f FAenR Al

methods of their production are described in detail in, for example, U.S. Patent No.
2,356,128, U.S. Patent No. 3,968,076, U.S. Patent No. 4,474,924, U.S. Patent No.

()

)



- above he

have geng\ﬁ@uoo%(w',,ﬁ%acti c crystallizable propyl ene seque{}%ﬁ@sﬁ%ﬂ]ﬁéﬁg

usron are believed to be due to the nel

crystalline segnents. [0070] The crystallinity of the polynmer nay al so
be expressed in ternms of crystallinity percent. The thermal energy
for the highest order of polypropylene is estimted at 189 Jig. That
is, 100%crystallinity is equal to 189 Jig. Therefore, according to

t he af or ementjoe8.0d1 haatg.SofPatdntilagm, 5588310 \RBI alkas WO PEIMAI538YS, ENe)
crystallinity within the rané)e havi ng_an ug{gler limt of 65% 40%

30% 25% or 28WR5883G AVPoRRADIER3E, oWO1P0H05836, W6y 20P4H68825, WO
[0071] The le Y. | A4 i | so reflected in the nelting
point. The tg@#\/(ﬁggg??’i%ga‘gg%Utowoslggz%sed herein, is the highest peak
anong principal and secondary nelting peaks as determ ned by DSC,

di scussed above. |In one enbodi nent ?f t he present invention,

t he
pol yner has B34 ngl &\ rRopinergiap sxampleThiac degixpbles butyhgubbest ispESLONHE
copol ynmer w 0 : alo o] ] i.nci pal
R T e e R e
hi ghest of tfreme3(pait (ME tond atl#2¥q) t(hecwomd dbinghgqoicat Corhipenp HourRin,
preferably h a neltjng point by DSC rangjng froman upper limt of
110C, 100C, g%b g&?ffﬁ% copereigl f o fie%lra%, uixgéyp&?g@bbgo@
35C, 40C, or F@@Nﬁ i1 C alp i :
- conponent WY showxgecgér’lig%aép?/ E?tgf) t&bgigﬁlgﬁgd%a%g%@h% %F%ﬁg%%cﬁﬁy
peak; these areeage2ef ﬁcnrnﬂﬂ@@d&%gdﬂﬁ@:xam\@bﬂgﬂﬂmmwCmgpmi, Haus{bng
ht ghest of tﬁ]ﬁgpeaks is considered the nelting point. [0072] The
sem crystalli pol ymer may have a wei ght average nol ecul ar wei ght
(Mv) within the range having an upper limt of 5,000,000 g/nol,
1, 000, 000 g/ nol, or 500,000 g/mol, and a lower limt of 10,000 g/ nol,
20, 000 g/ nol StapBragghegoBuiyl Rngberand a nol ecul ar wei ght distribution
Mv Mh (MAD), sonetinmes referred to as a "pol ydi spersity index" (PDI),
ranging froma lower Iimt of 1.5 1.8, or 2.0 to an upper limt of
40, 20, 10, fo3spr 4.AnothepenBudanentNiRhe dstyl sebehiseful in E@irkention is a
determ ned by a variety of nethods, including those in U S Patent

No. 4,540, 75Banshedrast sfasrheanched't butvl maybst-n Thepe reRbses awt frsagbebimdor n
Verstrate ete@mp&%?%r@@é egil By, 18! p R0336Q2(5988)s ﬁ.@.ﬁg?tent No.

descriptions o are incorporated yt refef'enté herein
pur poses of $£)i71.818.Stlat @ pmbodinems. the (latdrhuched eeyibadibar(tSBR'Heis a

sem crystal line pol r .has a Moon iscosity, M(1+4 25C, of
100 or I ess, ?Oi@ogwq%rfé"&, bigy r&P’é\Qegtﬁﬂ?r gﬁlowqurés%_(ﬂnﬁ}@ﬁfgﬁm peky,
as used Ner eidholiil, QoM BARBUERAePS M Trdini@ficRts SRIBING 10 AFIM

D1646. [0074] The sem crystalline pol ymer used in enbodinent’s of the
present i nveol famiggihh&B8.a Tl tpokidignes/hivek dopplymeranyitmenchimgragents

lower [imt of 4 6. to .an er limt of 8,.1 or 12. The

tactici ty | nipEeioatip BoSERRRER R s oy bnisally Fhad agd pe presen
nucl ear magn@iring MESRINES-H4ibd CNMB)bitd Gehdbéabed Rsydaftveehr! din be
Cheng, Macronol ecul es,” vol 17, p 1950 (1984). The designation "in" or

"r" descri beblended withethe bk mitgher yo ¢ S8 Fof Thednanehieg azept opydlediene
roups, "nm' referring..t so..and "r" to.racem.c. . An r.. rati,o of 1.0

Deneral 1y et Py Whetds AR RLRR Ao ok NGRSy Ty g o She g

an atactic r‘@ﬂfﬂjbl@duse&\m et aetdgBMmaterial theoretically may have a

rati o approaching infinity, and many by-product atactic polyners have
sufficient isotactic content to result in ratios of greater than 50.

25 [0075] In enbedi he 1 S : ] I . has. | e
st er cor oqul A0St opylbREE aryelilftrb it SBETH Dl PRRBlclf T LF BhEH
used herein @edEaated dhtyl Bebbf ecl@uscnbet abave it a copdtymer &t glydibadai0do
of the propylene residues in the polypro§¥lene or 1n the

h
pol ypr opy!l enearédht ihndogengehawlytiens peledier frave nthasgionp ameludigo styrse,
polybutadiene, polyisoprene, polypiperylene, natural rubber, styrene-butadiene

rubber, ethylene-propylene diene rubber (EPDM), ethylene-propylene rubber



where PPP(mm), PPP(nu) and PPP(n) denote peak areas derived fromthe
met hyl gr s¥@20060740h® second units in the foll ow ng threeP@rUfDEMSI78
unit chains consisting of head-to-tail bonds: PPP(mm: CH3CH3CH3 c¢ H
C H2) (CH CH2) (cH -CH2)- 26 CH3CH3 .PPP(nr): (CHCH2 CHCH2)
(CHCH2)-- 1 CH3 PPP(n): CH3CH3 (CHCH2CH2) (CHCH2)- - CH3

[ 0078] The 13C NMR spectrum of the propyl ene copolynmer is neasured as
described in Pat en 504, 17 The s ectr mre n the
Tet ! car boftP BB oH B e Pt 4 PRI RO sy Treea sy GPUDEEE

into a first e ﬁlﬂ{élgﬁes?ar@]}regen? aked & ﬁemn{eegmn gfedfr B1ad 1, @“mrﬁ

and a third region (19.5-2 pm) Each peak in the spectrum was
assi gned wi t fone efdodiment tanddiomatl tﬂl%th% irahgtirer gmbesingal, apd 86004 to

(1989). Int rst reqi e..nmet group of the second unit in
the three prgeé/ BB 3(911 @WSP’??Q?‘BBPB ented by PPP (m) resonates. In

t he second region, the nethyl group of t he second unit in the three

propyl ene unit chain represented b oé resonates, and the
met hyl gr oup [{0PBE- net\hgﬂmrgﬁr@@b)?mbﬂ tHecHEB ehithe mwéuwpa@@mSB

units are a y it n._ethy £he un r.es

vicinity of %‘%ﬁ %‘%%e ﬂ%gq andca:I anyt #guﬁ%?’ﬁf‘%ﬁ gr oulfg %M?cﬁley
second unit ivischéigy (Mm&mapws°enesmmthwa6pof e@ﬁesmbeld bFuldky; cure
(rr) resonates, and the nethyl group ( EPEnet hyl| r ou of a propyl ene

unit whose adh@reeististigsicfSHPElAAAGN ages follavws: r MEDisA%S 6(dNm, AL 18 115
vicinity of %94? ‘?(‘éhsm bg’ e cal culation of the trlad tacticity (3

is outlined in ni qués shown in U. S. Patent No. 5,504, 172.
Subtraction of the peak areas for the error in propylene insertions

(both 2,1 anrdﬁai 3) frchm pepgll%bareas fromthe total peak areas of the
second regio npied Hutyl &hi on, the peak areas based on the 3

propyl ene units-chains (PPP(nr) and PPP(rr)) consisting of
head-to-tail bonds can be obtained. Thus, the peak areas of PPP(mm),
PPP(nr) and PRE§Irr) dhe tlestemat unt ed desirsblehemdwdirthentt of aﬁket aoehigdn yis

S]et 2?; E;gpyl ogene{]cec.tl ‘i?aﬁlogenateg %iu%}lirrﬁ ecffls rlla?oc?uceg byathe o%g:ﬁa ﬁ)%nofb e

butyl rubber product described above. Halogenation can be carried out by any
means, and the invention is not herein limited by the halogenation process.
Methods of halogenating polymers such as butyl polymers are disclosed in U.S.
Patent No. 2,631,984, U.S. Patent No. 3,099,644, U.S. Patent No. 4,554,326, U.S.
Patent No. 4,681,921, U.S. Patent No. 4,650,831, U.S. Patent No. 4,384,072, U.S.
Patent No. 4,513,116 and U.S. Patent No. 5,681,901. In one embodiment, the Cﬁ)
butyl rubber is halogenated in hexane diluent at from 4 to 60°C using bromine
(Brz) or chlorine (Clp) as the halogenation agent. The halogenated butyl rubber
has a Mooney Viscosity of from 20 to 70 (ML 1+8 at 125°C) in one embodiment,
and from 25 to 55 in another embodiment. The halogen wt% is from 0.1 to 10
wi% based in on the weight of the halogenated butyl rubber in one embodiment,
and from 0.5 to 5 wt% in another embodiment. In yet another embodiment, the

halogen wit% of the halogenated butyl rubber is from 1 to 2.5 wt%.

[0039] A commercial embodiment of a suitable halogenated butyl rubber of
the present invention is Bromobutyl 2222 (ExxonMobil Chemical Company,
Houston, TX). Its Mooney viscosity is from 27 to 37 (ML 1+8 at 125°C, ASTM



27 [ 0080] fhessiHubiyst al line polyner may have a triad t}(’céj{@gb%#o%%ﬁ%

- three propylene units, as nmeasured by 13C NVR, of 75% o

or greater, 82%or greater, 85% or greater, or 90% or greater.
[0081] I n enmbodi nents of the present invéntion, the semcrystalline
polymer has a nelt flowrate (MFR) of 5000 dg/mn or |ess,
alternatively, 300 dg/mn or less, alternatively 200 dg/mn or |ess,
al ternati vel y646] @tbdifiédy] andthel @8Mmincabdntendad oel V.8 0. felAivelte ke
alternatively, 20 dg/mn or_less, alternatively, 10 dg/mn or |ess,

or, alternatPieangbutyl §¢dai nFythercgwe ghaeaciaisiehiof dBTomrbetylt He2ver a¥
t he pol yner } 5 %@8 2 2 .

certain enboféj?lr?gvgﬁ S, tlﬁgk}sng%ﬁ?gygt a Iﬁg%’o ?/Igrle?gog%é(?ﬁem g‘gggﬁmog‘”'
i nventi on i sApotheesdmmerdidienbodantit\vd thd Baidgantgosityl mbber 8 Bromabmght
ranging fromga l rljmt of 50 wi% 70 W% 75 w% 80 wm%. 82 wt%
or 85 W % ba @59%@@&%@6%@%@%@% H@uéfeﬁpifﬁ-t LisVopReyaYisessiib is
limt of 99 whiba; L8 3P1340p0 h ' ]
conposi tion. 008:%? IS\#(?:%IF '? a?n emoagﬁﬁg?@%ﬂé%%%%%%/dﬁglgpﬁtﬁg{mtﬁ%ﬁl
pol ymer usedl.Brio 2liwifee Farther, omenthaceteristictesCB tcnedbutyl 258 aeerpd fnllowa:
WD 00/ 69963, 0/ 01766, 99/ 07788, 0 37 escribed in
further deta 5%%%%#6%&%&1‘3@33%?%0é%ﬁlwﬁé§$?ﬁ‘lﬁ2@%?o<3/01745.
Sem crystalline polyners are conmercial ly-avail abl e as VI STAMANXTmM
specialty el astoners (ExxonMbil Chem cal Company, Houston, TX) and
VEI;SI FYTM el Stst Bramcked HalogpmasetlBeiyl Rulrer pr ocesses herein descri bed)
(Dew Chem cal Conpany, Mdland, M). Thernoplastic Resin [0084]In
anot her enbodi nent, the el astoneric conpositions nay conprise at

| east one t hgifpp! agh ikottes iefhbodesbRPplehStonter 'dFSthe Sn-wdhktibAbA Srdrehed or
practice of the present invention may be used singly or in

conbi nat i on ‘@ted-baanshed’s ibglogenaiedhivibd grobber éyased- oxigene avabasiipaent, the
sul fur or ot . I [ cli t .
Funct onal g atpsabEHREeSRRRRAE oyt cUeR ACH LUt B0 pERI HIR difer
present in thdogeanedodposiahé afpobidicde ot blo8k copdlydikr, eitRertalneampdsi i@,
in one enbodinment, and from 40 togﬁig w % i n. anot her enbodi nent, and
from50 to 70M%falpgenalier PEACSEHE desonbediimidsiail  H.S; PatehNeond 074,035, U.S.
enbodi nment , eSS n I e % of
t he nanocorrpltc’f{s?{'@i%tG}gé aﬂqﬁ%)’%?g%ﬁ‘?' %ﬁ%}ﬁt lg% %%’:8%{’;%§f ﬁ%i‘réﬁteﬁgg%ﬂ%%%\# e
[ 0085] Sui t abUes. Phientipl 68£8,678.eShamvemodnuid @ot biwitad by ¢heemethdd Hf fommiitpe

group consi sting, or polyam des | yi mi des,,_ pol ycar bonat es,

ol yesters. rsicarrBrL S b el ButLabbas) iRed ifete Mo copotymer, or
acryl oni tri lgahiHiasdhanes Gewieter ?&dl&e(sﬁ?@atyﬂéhﬂ)p&&f&ﬁcﬁﬂ?%ﬁcﬁﬁe and
(PPO, polyphenylene sulfide (PPS), polystyrene, styreneactylonitrile
resi ns ( SAN)are pregerindiring the pobieyartiieieol the ibntyl cShmpgerateshieutylcrubber, or

olyket ones (PEEK, PED, .and PE d m xtur t her eof. [0086] Sui t abl e
Pher nopl ast | o6 Uetinegagty fisioaa - Elariet Dbl corty PR Beidnet et
hi gh nol ecul air brendiaE bagl irabtie! TE biankhitk AdbiiGr GRDBAisHFRAE b@@ﬂ% suitable
terpol ynmers having recurri n% am de units wthin the pol yner chain,

y

Pol yani des npndéngpreqsds 2 By ipenjemis sddingieddp ten&/psrofpeulianssispdio
| act ans suchm%B @g@@%@ﬁ%g@gﬁ%@%{éﬁﬁw{g?ﬂ@eﬁur yl I act am and

am noundecanol € y ‘condensati on of di basic
acids and diam nes. Both fiber-form ng and nol di ng grade nylons are

sui tabl e. Exanpl es of such pol yam des are pol%capr ol actam (nyl on-6),

po: ylh auryl | aléfdn (nyh g1 embogizieph ke malaggnan ééﬁfp'%i'ﬁil‘lél‘@d(lﬂw AubseB)s
(vl on- 6. 10) SPEEHGRCLATRARATEE e Byl or BR1oRSRHSTH B RE G e

condensat i onatprecdudta ebpdlimamof a- puigdieanand aa;ﬁr@lalﬁ/nw@ﬂﬁénhied polydiene

Addi ti onal ex | es. of satisfactary pol yam des (especially those
havi ng a sof%ezetr;?efﬁig ttﬁ%eEWPZ'FB@B“%aEeSH’E@@H B%]élg‘fltﬁdl%eaEmelﬁ’@_WBI A

polypiperylene, natural rubber, styrene-butadiene rubber, ethylene-propylene

diene rubber, styrene-butadiene-styrene and styrene-isoprene-styrene block



pol y-(ci s-1, 4- cycl ohexanedi net hyl ene) succinate, poly (C24 al kyl ene
t er epht halvab esy/osmedh as pol yet hyl enet er epht hal at e and PCT/US2005/045978
pol yt etranet hyl enet erepht hal ate, poly (C2.4 all cyl ene isophthal ates
such as pol yet hyl enei sopht hal at e and polgtetranethylene-isophthalate
and like materials. Preferred polyester§ are derived fromaromatic

di carboxylic acids such as naphthal enic or phthalic acids and C2 to
C4 diols, such as polyethyl ene terephthal ate and pol ybutyl ene

t er epht hal at €OPEFEFE: r Epsp Fojulienss arapresenalased ORdhg TOGOPIST MtYs FraatRs
range of 160 0, | :@'éﬁ h . oz (PP, iment
t her nopl ast i (c:t‘jl érne(%?m%{‘,\/‘“nccﬁ]%%%f e é@é%@%&g?cﬁ(ﬂgﬁé %ﬁﬁeﬁ ie%lbOdImen ’
i nventi on ar emddtdm &Aand,7 wikieyetiaabihyr avlsodiabhte mat eri al s produced
by the oxidative coupling polynerization of alkyl substituted
phenols. They are generally |inear, anorphous polyners having a gl ass
fransition ! stpsf al UL obinREal” 8N66iRkntl 9P thd ﬂal%%&ﬁted-r@%? SrRRhY IRyl
their nmethod ‘of preparation and conpositions wth polystyrene are
further descriibled ofnthd. Sres@dt iventdm i3 B3@BpUBE. 6RZMIBkGoddpbil Chemical

t her mopl asti c_resins_which be, used i ncl ude th olLygar e
anal ogs of tk@%@ﬂ%@?@%@@@ﬁ%% %e%mwsgg@ﬁghéﬁﬁégggﬁ’f‘STM
(ether co- phtfhedadh 68komP! %CAPEY 26{cRRR: BAIVITRE SionS2 PHENS #HS kdlatiwlieh

as copolyners of Styrene with less than 50 nol % of acrylonitrile
(SAN) and r eshedadogengied \stazr brapfhedt Yutgheybleer yFathers ichwe ahatadiensigs erfe

nd homopol yrrelBRSTERD: SHES s VP el oY by SRPMIEEEARs ()

enbodi ment a PR TVIE208E).propyl ene derived units, and in another
enbodi ment a random copol yner or bl ock copol yner of ethylene derived
units and propyl ene derived units, and |like thernoplastic resins as

k [ , ¢ ' th iti f
Thi s i nvent | i pRRER S L AR BRIR R P T resine.

(also referred to as a thernoplastic or a thernopl astic pol yner)

descri bed above are ﬁ)r med jnto dypam cally vul cani zed al | g%s. )

[ 0091] The perlﬁ9¢3hyna i?t%ﬂ%wlilé)@}t@ﬁs © qugéﬁnﬁé}vépﬂoﬁ‘ S ohfo PEnRSe
vul cani zat | on;QEQE &S réﬂ?io%'c%bi%ﬁ_@r EBbRESE NG, {£B) Ns@chdlefins, such as
vul cani zabl e el astoner are vul cani zed undef conditions of high shear.
As a result, isttertyletec aamidz abl ellelsigieosreconanogionu|sialn e stispara-cuedsdtyrehed

d di d as.f. tic f a "ni | " wiphin th
P e Rt PO bhosyRs Al e Ak T e o sy
m xi ng the i mggaeli &ﬂto%%iﬁféalﬁr 1hERBE FidcHbRulbd GlerhslyderPwhaRaVA 1édieone or

curing tenperature of el astoner in equipnent such as roll mlls,
BanburyTM  mi meresdf teeoalkylraubsigiuentx svoups prgsesd aeths stirend mpreuendnity gentsin

e.g., twin screw..extiruders. The uni . terjst] f . -
Gy ool 1y CEFRCEHEEACDE sortd ek A RAR EATR et cebBbiment, e ()
t he el ast onerpgpamoOMentben@yarndent tlabtymenis edpoliiier 608NG ki s G5 an ieo-
processed and reprocessed_by conventional rubber processing

t echni ques su@Biimgnésn allyigyrent GpReRese. Mhdisipra-awiiplayems sopsiing at
etc. Scrap or i ; | : £SSEe( :
[0003] Parti oulat 1y b Aar BRulF of BetOAPE oP iR RTS8 Edeamer and opfigpally
of this invenintlde ifmedtiodslidginteepslymersreisdramn scbattond drmord bftigr dipl
consi sting of polyam des, polycarhonates, polyesters, polysul fopes,
pol yI actones,s‘lg’ém‘y%'ég%‘l@? PECSEREHIR e SYTERE IHORABFISHES SOPleEh e qﬂéogen
(ABS), polyph ' -PPO) I . i f R :
styrene-acryl %ﬁnﬁ]ﬁg&r %s&?ﬁ%ﬁ@ﬁ ﬁ?@?ﬁlgg&té&%ﬁ Hgaﬁfyégﬁ?rﬁ%ia%?eg as
anhydri de ( SM¥lymarsosamtdisingohy kellowmg (Pkdier Bl remddmBEKK)cedndong the
m xtures thereof. Preferred engineering resins are polyam des. The
nore prefer reEPIwP&%IHes are nylon 6 and nylon 11. Preferably the
engi neering resin(s) may suitably be present in an anmount ranging




phr in yely@Rglbfhesebodi ment, and from 20 to 50 phr insﬂy(?ltéﬂgzgﬁ%&gé@

- enbodi ment, the chosen enbodi nent dependi ng upon the de

application of the conposition. [0097] The el astoneric conpositions
may al so contain at | east one other elastoner or two or nore

el astoners. The el astoner(s) may al so be conbi ned with ot her
materials or polymers. [0098]In certain enbodi nents and where
applicable, the elastoners used in the practice of the invention can
be |i near, substantiallil)ine , bl ocky or br 48t he [ 0099] The

el ast Onel i ¢ conpositions may glso include a varietyf of other
conponents as di scussed i n greatdaHsdet ai |l bel ow ame~regtisbe. optional |y
cured to formcured el astonerijc conpositions that ultimately are
fabricated into end use artigtes, as described i nAgreater detai

bel ow. Pl astomers [ Mbo] The p oners that are us in the present

i nvention can be described a%.pol yol éfin copol yneks hkaving a density
of fromO0.85 to 0.915 g/cnB and a nelt index (M) between 0.10 and 30
dg/m n. In one enbodi nent, rthe_usef ul plastoner g.s. ol ymer of

et hyl ene derived units and atlleast one of C3 to Cl10 a-ol efmderived
units, the copolynmer having agdensity in the range ggf | ess than 0.915
g/ cnB. The anount of conononer (C3 to Cl0 a-olefin derived units)
present in the plastoner.ranges from2 to 35 wt% in one enbodi nent,

and from5 t whesimRosndRase Hsependssiy hedrogemiawer abvhsuch 295 Gt % Cn

yet  anot her ' and 0% kh. ye ]

e?rbodi ment [@g?g%%%ﬁ ast%&é@%%ﬂmﬁﬁe é/a ﬁl\;"ean)ﬁ'}n%&%agg%pn%ﬁ% as
i ndex (M 1) hiloget Teen ethbbdaneht R add/Riiane ATTIMIRIERES; UL RO ndl% dfthe
in one enbodiment, and fromO0.2 to 10 dg/mn in another enbodi nent

and from 0. 3PEa-SEOHGHRT Styreng Presgioihéic exdem Rehimmer THaicRY® maaye be the
nmol ecul ar wej . : I ylotas=yc TSI T :

800, 000 in oﬁgkgﬁg%'ﬁﬁgﬁﬁ#mgé %ronﬁg8§%%%ﬁﬁ%ﬂ%%o,8%§1|n aggt ggunmn
enbodi ment . fthm A%ts Scani®f | &x yetadnotwd ehibedinASTNMhE 8@t of fursdbudlized
pl astoners ranges fram.10 0 150 MPa in one enbodinent, and from
20 MPa to 10ﬁn%ﬁﬁﬁcbﬁsgﬁ8%ﬁgﬁoéﬁﬁédgnent. Further, the plastoner that
is useful in conmpositions of the present invention has a nelting

tenperature (Tm of from50C to 62C (first nelt peak) and from 65C to
85C (second 844 pedkye fumctneal egrovpli Yy barthlégeones s@ne otB@Cluptiions

nmelt peak) apnd fram.,70 Q.80C (second | t, .peak) ... n. angt her ..

erbod! ment . POBRGTTM 28y bR DL TRTRY MRS Ao RO R e dplocen
net al | ocene Githaltlysz @aogBAkl A LabokylR] 4tidg 0arbdey kued cambks caad, Ahgher
a-olefin derived units such as propyl ene, 1-butene, 1-hexene and

1- oct ene, an#dERides; dHEaYh abReifghpeanoside; Brolais: ehipgthen xguthatsheyasibs:

units to yie depsi ty.bet : nd 0 cnB. j

embodi ment . kr’ﬂ‘@ ﬁb?@%ﬁpa?‘?ﬁeu ghit e%i@%??%ut Fg%S%( W@b@d%@ﬁ‘%ﬁ?@ﬁn
pl ast oners rangésmdsoieiz hethdd iof posparaichoietheods of dmtbtionalinatior, dnd dire n
anot her enbodi nent. Exagggﬁg ?f g_connercially avai |l abl e pl astoners
are EXACTr m &£5@Pre Ragisy selosed i Hyy- datenbNg: 3-14eddhe, the 1-hexene
derived units making up from18 to 22 w % of the plastoner and having
a density of 0.895 g/cnB and M of 3.5 dg/m n (ExxonMbil Chem ca
Conpany, Houpgbt4sh, TXp; aananiodiaHit, thd 20ktoneerc opaprysesr ranflomt pylyare afid

1-octene, the 1-octene derived units making.up from26 tq 30 w % of
t he pl astorre]rS,O% nﬁa?ﬂdné’&?“ﬁéﬂi‘é’rsﬁge‘%ﬁ 091.1@%2‘1 /%n@ﬁdt%mcfmﬂ/"opﬂw

dg/mn (Exxoﬂlygﬁiﬁr%%%hn %W@G‘ﬁhﬂl‘%‘%@%ﬁeoxﬂethﬁgubégf;ﬁ@ﬁ{éﬁ%l@éeﬂ§ on

Functional i zed Polymer [0010 The 1 nvention pfovi ocess
to produce athedensitomgrdontainaposning onghlbtise piong ssch aseniuohgnsgiom (para-

contacting af | east o el astonmer. with a progessi ng aid, wherein the
o ocessi ng alEPEaTEYEbuEa S e et SR PLSUhsE RERng
at |east one anhydride group. 34 [00104] The at |east one




[ 00107] I n another enbodi nment, the functionalized polynmer conprises
C4- C10 i sombebierebes i ved units. [00108] In yet another eobadiovsnisors
the functionalized pol yner conprises isobutylene derived units.

[ 001091The at | east one anhydride group nay be derived fromthe group
consi sting of naleic anhydri de, i t aconi ca anhydride, citraconic
anhydri de, propenyl succinic anhydride, 2-pentenedioic anhydrides,
and m xtures thereof, Illustrative exanples my. be represented by the

general formi0%¢l 3& ano boimsnigiihe duistiongdity yei selaeed suglp thap 1t can

2- Pent endi oi i I i

wi del y avai | e r%ﬁﬁf‘g g’ﬁ%ﬁ’f’wﬁ’é@] %&Fb&%? %@gh%’i%gégg,ﬁﬁﬁ;gg HH@%@S@Y
of suppliers fof exambleprapiflcarsinonet iglérokpl ifmetiondlngeupat whaal the tghlymer
Li nden, NJ, and Chevron Qonite,  Conpany, Houston, TX. [00111]In an
enbodi ment, t$ERBPCHLE JG KR ajf]g]ﬁ@tt‘?rgﬁ’éﬁ €d pol yner is succinic
anhydride functionalized polyisobutyl ene (PIBSA). For exanple, a

manuf acturi ng process for making Pl BSA may invol ve sol ution
functional i zash of Iracentdiy iesdivdiméns aheo randohy bepobneeré PiaBy assibbtanally

L S R LR e P

(chl oro- Pl BSAjas Apaii-iiRyBlykedeh 8oty Wb 106081 ftﬁ@%&&ﬁ%@'ﬂa%@ﬁl%@r@ne
applicable, the starting PIE can be nade from pure isobutyl ene

nonomer or a ¢Aenuod the Holteere Bxomplay Hobouers|drs cheracrined by a narrow

chr ot ogr apyy el Re e YSRGS RS or 5t b BeBRl SIS ()
400 (the wei ght exefnpldie vivabsdverdpe nadledtla Wask it fhd Snb€bREbE2000000 up

hydrogen at om assi gned a value of 1.0) to about 5,000 or higher,
al t er nat i vel yto %0Q5:H08radransesmpary pugibep avwege mpleavlanieizht ja therignge of

7500, T oo11dA 2 8PPay o ATt BRI e e AR PPl 1) o

the at | east one

[00458] In an embodiment, brominated poly(isobutylene-co-p-methylstyrene)
polymers generally contain from 0.1 to 5 mol% of bromomethylstyrene groups
relative to the total amoﬁnt of monomer derived units in the copolymer. In
another embodiment, the amount of bromomethyl groups is from 0.2 to 3.0 moi%,
and from 0.3 to 2.8 mol% in yet another embodiment, and from 0.4 to 2.5 mol%
in yet another embodiment, and from 0.3 to 2.0 mol% in yet another embodiment,
wherein a desirable fange may be any combination of any upper limit with any C)
lower limit. Expressed another way, exemplary copolymers contain from 0.2 to
10 wt% of bromine, based on the weight of the polymer, from 0.4 to 6 wit%
bromine in another embodiment, and from 0.6 to 5.6 wi% in another embodiment,
are substantially free of ring halogen or halogen in the polymer backbone chain.
In one embodiment, the random polymer is a copolymer of C; to Cy isoolefin
derived units (or isomonoolefin), para-methylstyrene derived units and para-
(halomethylstyrene) derived units, wherein the para-(halomethylstyrene) units are
present in the polymer from 0.4 to 3.0 mol% based on the total number of para-
methylstyrene, and wherein the para-methylstyrene derived units are present from

3 to 15 wi% based on the total weight of the polymer in one embodiment, and



functional j mer such as PIBSA can range fromabout 0.5 nmpol%to
. about 2. SMQE@@S’P@F%H natively, from about 0.8 nol %to addu¥Va2095/4st s,
and alternatively, fromabout 1.0 nol%to about 1.5 nol %
[ 00114] Commer ci al exanpl es include Pl BS& 48 functionalized pol yner
fromInfineumreferenced above and derived from2,200 Mh FIB with an
anhydri de functionality of about 1.2 nol % and PI BSA 55 functionalized
pol ynmer deri #gfh & o M02wR40n MAofReB eWibbBindéht. 2Ny dhbtder EMpsdineRR!thd éal@f
about 1.4 nol % O her conmercial exanples include OLOA 15500 PI BSA
f r om Chevr on(hetasgthdstysene} siparaethseriombdiybstyere)der i ved from 1, 000 Ma
MB and OLOA 15667 PIBSA derived from 1,300 Mh FIB. [00115]In yet
ot her enbodi nents, the processing aid as described above may have a
number aver age4spol ecall abmweir@hlt dvbydidsntd edferit nedlobyngel E@Bﬁf?ﬁhé—gn
chromat ography of 1ess than 10,000 in one enbodinent, |ess,than 8000
in anot her eweddistEare mhben @fsthenaresspbonyentipat imGXKBRO N ifistaswars

I n one enbod; i i e n . ol. r
wei ght of - or avar Mot AEE SRR o g 1207 » MUSLARSIS ORI W
embodi ment, aElatgIBACEASTRED 1 4K) df firoye B0 80160, hes-nRxtodiwea tontéat of from

preferred enbodi nent can be a conbi nati on of air)%_ | ower nol ecul ar

wei ght 1 m t4dPthd aMyo.upiser bremieusareniedighem Pidito heérwi’a relagive to the
exanple, in ' th i id may have a nunber
aver age nol e@%ﬁ%@%ﬁ% t%?nefﬁgr%g%?%gé%{bg%o, and from 700 to 8000
i n—anot her enbodi nent, and from 900 to 3000 in yet another

oo 1L A0 GELLL SHBPE P S U LSSl Bh R
al ternativel olyxfnrsﬁﬁ.tﬁa%? t)%f?%a%lg%oé AR QRlIsBleY a HaldYEhRAP hg%qo%aélﬁgg(;s)

al ternatively,” of about ; alternatively, of about 1,3
al ternati vel suchofs alebinrinatedOigydr@Oic paienp! Buworingiegicupiro¢asisor| A8TMing

13445) of the.processing ajd may r e0 ut 6

cSt (centi St esa?hef C {Sﬁeoﬁ@"e di?‘é@?@g@??’erﬁi é@q@{?ﬁpgmo%
about 35 to advaniss890WLPhoed/03€836, Vet enaakRYEs WOl Z@AYEIanY, A WO
about 500 cSt at 100C, alternatlvefy, from about 100 to about 300 cSt
at 100C, al t24044158¢8P), from about 100 to about 200 cSt at 100C, and
is greater than 35 ¢St at 100C in yet another enbodi nent, and greater
than 100 ¢St at 100C in yet another enbodinent. [00118]1n yet other
enbodi nent s, {0031¢ Vi 9808értdie Serpbodimentsr direstsd N dlahdspyhe addgeorhertan 49
to 6000 cSt (centi Stokes) at 10QC i n one enbodi r’rPnt, and from35 to
5000 cSt at deeEbsdrbones aLeshBtIR IRl 24 lrashPhep! BRbABEL s, the
viscosity 38 is greater than 35 ¢St at 100C in yet another

enbodi nent, and greater than 100 ¢St at 100C in yet anot her

enbodi ment . Geatdl%hirhesedtubbtoneri c conposition conprises or is
prepared with from1 to 60 phr in one enbodinment, from2 to 40 phi in
anot her enbodi nent, from3 to 35 phi in another enbodinent, from4 to

30 phi in ye[fboﬁi‘f’t heg %Hé}ﬁﬂbﬁ%%e rdbbef AiehOred@rddo iﬁa%@&nﬂi&?@hﬁbber

embodi ment, from 3 to 25 phl I'n yet another enbodinent, and from 2 fo
20 phi in yenaphetadmyrrubbdrodatmeselly fprehdesphigh strength aaf dzoad abiesston Heug

above, wher ej desi rabl e r.ange of,. processi ng aid may be any upper
ohi Li it coRtR el R Er s e espiser  Hhese dedomes dlriteeitloatatans
[00120] I n an aRb oclika® BbmpéilRl BAERSEEN derdirdllyORaR! %t dtBfdre to both heat
conposi tion does not con?aln aromat| c groups or unsaturation.

[00121] In an@zﬁr?wgemﬁn@aﬁ%nlar ta b@lnlpr &%&x@g@ieﬁ?’t@aiedsibrreﬁoas’z@riﬁrth@market
conp05|t|on | S ree r. subst ant i al. e or. Ve on . .

Cont ani nat | OfFPEeT i 9 oEC P seA S NG 0 SBeiall sl ad g bie
m xtures they@ghes AsH Usgek KB Gescrisb®Sbantd/abl Yinf REBBERT FESHIOLOCOO
ppmor |ess, alternatively, 800 g_Fm or less, alternatively, 500 ppm

or less, altEPMROUNBING 2N RESFINGIOR HAERFQRMANCE, p10t5 fiskoed.,
Hanser, 2001).




present in air barrier conpositions. In one enbodi ment of the

i nvent i on,wohey7pabogbut ene processing oil is a | ow nol ecubar/ussioghisers
(l ess than 15,000 M1) honopol ynmer or copol yner of olefin derived
units having from3 to 8 carbon 39 atong in one enbodi nent,
preferably from4 to 6 carbon atons in drot her embodi nent. In yet
anot her enbodi nent, the pol ybutene is a honopol yner or copol yner of a
4 raffinate. An enbodi ment of such | ow nol ecul ar

ternmed "pol ydl58he" Psfpaiss ©fj gengiab onrnoss ribpers wcﬁ%ﬁ%{a@f %&ﬁb
LUBRI CANTS Al N
& Shubki . edooigrede TRV et e bublth b SaR ) Bk

processi ng oitbbar (BRp| pdiv(isepehp-cofmftizhk) nubee @BBRY.dame rstyrafe-isbgene-
i nvention, the polybutene processing oil. is opol yner .of at. le

i sobut yl ene sl bqréﬁﬁﬁb%i%ﬂa@ﬁit%epfﬁﬁﬁtsfiﬂ,nempﬂ@nmﬁﬁﬁ’m
derived unit SpqldihA8e. héRihe iR PEPYRGL GRS tiek A RATOPCHATRE al
copol ynmer, or terpjgl yrgg;ﬁgg t he 'fhreel ni tig/f,l Wnereelﬁn t}'he I 'sobut yI ensg
derived unit seredfo anget@ral puif®ee slesomerst he copol yner, the 1-butene
derived units are fromO to 40 wt % of the copol yner, and the 2-butene
derived units are fromO to 40 wt % of the copolyner. In another

embodinent, {figypol Y BLERSCH SnBodkaBel HERionfoskRRNGhY HRD Bfpkbe atiiea

units, wherein the isobutylene derived units are from40 t0 99 wt % of

t he copol ynerubbdie WNabualendbdsr irg edesertiedsinadetafl r ymSRbnaenandumtin, IFBRERe

copol yner, a - hut e i Med_unit e fro t %, of. e
copol yner. | %%‘?’%éﬁg?he? ’]gggzg{gl ﬁ}g?\ Ol ¢ e %?%i’ﬂ ?ﬁg_king @g{iﬁ p%?%ég
of the three daiddsmehFehe nhtt@all BB Wif @Re petEhty Bffeltitir SreddefectadOffb0
to 96 wt % of the copolyner, the 1-butene derived units are from2 to

40 wt % of t heMelgpsnymiber such asHBVB- G BB USNIRH: SNR 80808 IYBrAleandy

20 Wt % of th ! I 0 e i t Y, IS
a honopol ynefm%ﬁﬂg%éo y%%r&%%gfnso u%‘%ﬁéar%emgﬁgﬁﬁ Ut gngf?oo&ﬁtr\g%{%%ﬁes
i sobutyl ene da¢dsued atnioOXC @vig. I+4)mf Gont 80 100204 Mo prefeeatlip fpoh Y e 65.
or copolymer,_and the 1-butene derived units are fromO to % of
the copol ynerTthde&%W%meéh@?mé%@eww P@%@@FEW‘M%\,&@%
invention typically have a nunber average nol ecul ar wei ght (Inh) of

| ess than 10,000 in one enbodi ment, |ess than 8000 in anot her -
enbodi ment, dneF5] essIn hatlid0embadiyeent,anlut hedastenbndi sramtosition omy also
enbodi nent, the pol ybute i, has nu r avera nol ecul ar., wei.ght
of “greater’ t HATHE, SantbGRESEEs THAR 7000 n- d6: ALPTBho SHEEN: Of s
and greater tm%blﬁﬁﬁ?eﬂerku}ﬂﬁér AnabiefedeAMOMATEIL. 1-4) RS AhEEEom 35 to 70,

n

enbodi nent can be a conbination of any | ower nolecular weight limt
wi th any uppeiromsifeiousbaut f8i ighanotheriembadinesng,. arcofromxahid €0 i yehgeother

enbodi nment of . yb of , t nyent i 0 e a
nunber aver ageé-&gn!%flgg%tl aﬁo\zﬁcﬂlﬁaﬁ (?P 8?49 l%% 0%18%0 Sﬁ%ﬁﬁ&%ﬁ% {}?%(J)ﬁ% %bghe
to 8000 i n angtdeat invehgs merbld Wider the edd A8t BTIOBNEM (GebdyemoCheahical
enbodi nent. Useful viscosities of tlﬂ@éﬁol ybut ene_ processing oil

ranges from 16cmpAgpadres: Ofipe RN ok 531885 Tso BarpiapRatasioh banadsi and
and from 35 tg:; B i t e i t i at:er
than 35 cSt al?w% OC(iP%és;%%e ggg’tgﬁégp Lg“ o%ﬂrPenh[@ ﬁi‘ngg%r 8}§§éﬁet]§a%%§0%g
cSt at 100C ipvlyettadieret e-BRIOBe"oisniolybudi26] o Mgk cisajolgbaddres, ivfis

such a processing oil are the PARAPOLTM Series of processing oils |
( ExxonMbbi | CRerAl dt 1&%&9@% iFE dhusedxhersif eé@l@ﬁh@ﬁ@ﬁ?ﬂmg@%ﬂ is

(3. DAELI Nt LBy R & poiafiosli Skl Sl U B bl Bl
| NDOPOLTm (| nprogremeudd8An HeGomypiositien BUPENEPC120Fof BERES ™ CB 23.

Petrochem cal s, Houston, TX). The commercially avail abl e PARAPCLTM
Series of pol ybutene processing oils are synthetic |liquid

polybutenes, gagh | ngh vhgial: RIHAHInRNt O thd AYANEmEE CEIrRh JAitlHR &4y Siso
comprise a polyisoprene rubber (JR). The Mooney viscosity of the polyisoprene

rubber as measured at 100°C (ML 1+4) may range from 35 to 70, from 40 to about

()

)



700 78 95Q,9n0,dal31300 1300 630 2400 2350 3200 2500 27
- [00128] Ot Sﬁ’ pr opert| es of PARAPOLTM processing oils ar g&aié}é%gﬁmsm

the density (g/nm.) of PARAPOLTM processing oils varies from about
0.85 (PARAPCLTM 450) to 0.91 (PARAPCLTMI2500). The brom ne nunber
(CEd G for PARAPOLTM oils ranges from 40 for the 450 Mh processing
oil, to 8 for the 2700 Wh processing oil. [00129] The el astoneric
conposi tion 6f ih hﬁoihliveﬁﬂ)bdiﬂnemyaﬂmﬁbuﬂes om&00n yabradothepemboliiment. A

pol ybut ene as a m xt ure, ed either |or t addj tion to the,
el ast oner, ofOMMERi3l t%a@lpg's?]g&’ﬁe Sﬁﬁ@tlﬁﬁ% i gete ipf%ﬁe’(ﬂemﬁemlon is
Vi Scosi ty, v 8@%5 [ [ xture can be
varied in t%s %ﬁerﬁ%@ﬁg%%ﬁﬁl?g caff e gsdégwwen | ow
viscosity is desired in the conp05|t|on of the invention, while

PARAPOLTM 2500 can he use i gher viscosity is desl red, or
conposi ti ons [W¥ér eof Bt §Y ﬁi ‘?&ﬁ‘ﬁ’%ot%r (S?F@E%%‘Ft GOBPOFHIPR e r also

weight. In t@?rﬁ%fé@%nﬂfdberst BE ¢ Ye?ﬂec Bf(%?%%'&%}@ﬁ 8 ﬁEHP%SEPNPBﬁd

can be contro Mor e partl ularly, phrases "pol ybutene
processi ng oEPDM ais $uttablebaddifiengbrmbbas.i n@xm;blés |orﬁcduuld‘eieaccsmr@h1mmiiri

or a conposition or .e oils usedto gln any viscos

ot ecul ar wergbe(ROSE a7 iR Rt dd-Poudidee tvdarniadet, &
ranges di scl gggds f&%{e@é NThéR0LB0d:I AR AQLNRL ﬁ%ﬁmo@wl P 950-083 S
are present in the elastoneric conposition of the invention trom1to

60 phr in onél%ﬁbodAnewtablamﬂnﬂmrgpﬂ@nmwu@mr nsnccanm@merlhemmbbem

from4 to 35 and phr in yet
anot her enbogﬁm,g an Wé@fﬁhﬁwﬁh?%"ﬁa%gn& RSPhEFenbodi ment ,
and fromb5 to 25 phr in yet another enbodinment, and from2 to 20 ph

in yet another enbodi nent, wherein_ a desirable range of pol ybutene
may be 42 aipS8hpperinyst anqthgremhodisnent dhaelastoreyic| CompOsisRRA tiayFomprise

d bed h f
contal n ar onkt oA 8! Y ERERE GRS oHAGRES (A dpinsant ol

conposi tions scﬂéctéchérom elseergtroumuamgtmg o Ch udeCa diphe-olefin with propylene,

butene and octene preferred and propylene most preferred. The diene component
is selected from the group consisting of C4 to Cy dienes. Examples of suitable
dienes include straight chain, hydrocarbon diolefin or cylcloalkenyl-substituted
alkenes having from 6 to 15 carbon atoms. Specific examples include (a) straight
chain acyclic dienes such as 1,4-hexadiene and 1,6-octadiene; (b) branched chain
acyclic dienes such as 5-methyl-1,4-hexadiene; 3,7-dimethyl-1,6-octadiene; 3,7-
dimethyl-1,7-octadiene; and the mixed isomers of dihydromyricene and
dihydroocinene; (c) single ring alicyclic dienes, such as 1,3 cyclopentadiene; 1,4-
cyclohexadiene; 1,5-cyclooctadiene and 1,5-cyclododecadiene; (d) multi-ring
alicyclic fused and bridged ring dienes such as tetrahydroindene; methyl-
tetrahydroindene; dicyclopentadiene (DCPD); bicyclo-(2.2.1)-hepta-2,5-diene;
alkenyl, alkylidene, cycloalkenyl and cycloalkylidene norbomene, such as 5-
methylene-2-norbornene (MNB), 5-propenyl-2-norbomene, 5-isopropylidene-2-
norbornene, 5-ethylidene-2-norbornene (ENB), 5-(4-cyclopentenyl)-2-norbornene,
5-cyclohexylidene-2-norbornene, and  5-vinyl-2-norbornene (VNB); (e}
cycloalkenyl-substituted alkenes, such as allyl cyclohexene, vinyl cyclooctene,

allyl cyclodecene, vinyl cyclododecene. Examples also include dicyclopentadiene,



functionalized plastizer ("NFP'). The NFP of the present invention is
a conpoundv¥@aeMgrreihg car bon and hydrogen, and does not PATIUS2I®SH4592N
appreci abl e extent functional groups selected from hydroxide, aryls
and substituted aryls, hal ogens, alkoxyﬁ car boxyl ates, esters,
carbon unsaturation, acrylates, oxygen, %itrogen, and carboxyl. By
"appreciable extent", it is nmeant that these groups and conpounds

conprising the r,oups e not deliberately added. to the P,,and if
present at al =‘?‘ﬁ%’%€-‘eﬁ%s gﬁpe}hgfqng-?gxqrﬁgﬁe%e,m %gywﬁlﬁ%% “PROTERS-
in one embodi lesANQr! egRidran dreWt %dihylpRRatNalorBiHeH; MeNl. hekRdiene,
less than 0.5 wt% in yet another enbodiment. [00132]In one

ermbodi nent , tdieycEBntadiess sirsl 6fviE-2-oorb2@engpar Hof impge  wdern@gion oardl GO
paraffins in another enbodi.nent.. 1 n another enbodi ment, he NFP
ono! st essGARPHIY DoGaCR Y ESE BRPArIEh JSPANPContes Jpt S, US.

essential |y afgdagNGo06Guggsparaffins in another enbodi ment. For
pur poses of the present invention and description herein, the term

"paraffin" includes all isoners such as n-paraffins, branched
paraffins, i ar af £ and may include cyclic aliphatic species,
and bl ends t%%%ﬁ?kgﬁﬁérnay be derived synthetically by neans known
inthe art, or fromrefined crude oil in such a way as to neet the

requi renents described for desirable NFPs described herein. |t w|]
be realized PP t helcloae ssebadimenit &g secondpay colppermends ei sreeRly abeer

useful as a &ﬁﬁ? j ] s j ' . P
descri bed herl\égolﬁn I 8&%1&?%&@%& a?ﬂﬁgé]ﬁ%&%%%%g%r' %8621:6 ﬁ%%%bﬁﬁ (NBR,
[ 00133] The NRR migyle bexbpes & ndopblymied eofp dHpyopentnitrile oampiod i3t butadicnd. Widle
invention fromO0.1 to 60 wt%.in one enbodjment., and fromO0.5 to. 40

Wt % in anot hé%‘b'%fﬁﬁé’éﬂo’??@rﬁn, aca?ienaml_e ﬁPlife@foO%%eml Bdto ﬁg %{/ 13100¢ FEppodiment,
embodi ment,  afh, f1596u8 i, Handhid eRbY EincAf) %lha $fon® m@aﬂsm@ﬁ inWREehRItRerd

desirabl e range nay conprise any upper % limt wth any |over w%
limt descri eubddéneitn. TheAgot0y8adoTite mNFPanpeyfrcah §0 tdh80 tesws snhiznlitgnt

any nunber of; or. ap I nation o a r.s described. herei I n
ot oot morf+ Sy 1R BSTRE HEAAT 28 BT RO TR SR GTEL eaBRRhE Mot
fromless thagyBbs iafe eHBRRDR0MEBR, anddbsb:@ifesl T @r cimpls, HRRDBEOK OF
enmbodi nrent, and | ess than -10C in anot her enbodi nent, l'ess than -20C

in yet anot hefLASHISSIESTOMERBSAND RANPOINES il 41yt demrbrederidedravemill,

| ess than -5 i t~an i S - i

anot her enbogigﬁ'efr;btg?é ia%%n%%%g grﬁggﬁ%%gf%ﬁ%%gh%%tﬁg%%? %a?fgg’gb%g Ip}(ne;s%?t
and greater tilht’ﬁ%htioﬁ%é? soldl Mederanottade @Fi&@@REDNEM;ABEPieLﬁM,aSﬁHﬂWaﬂde
range may incl ude upper_pour point, limt wth_an 0 our .. .
poi nt 1imit CABEPOBLY (RebiGhemiselonbounlia: kar EUROPRENETY 1 (Polimeri

paraffin or CcQ! L u (of fnes JTS
bet ween - BOCo%%gﬁ 2 Q%V’mﬁg&gng? \ré!greg’e%ojdi 5n%(gt K@%Yr?@%ﬁe v?%écfggm r ang%{ad
of from 0.5 tBHERBANS (EndBE CASIIiGM4Rron NbE). mi neral oils, which

typically include aromatic noieties and ot her functional groups, have

a pour point of from1l0C to -20C at the same viscosity range.

1001351The NRGdRY hayengindh hdehfndt,CRRS{aM R eBlfontr 1568 YelibRlie3of

in one enbodi nent, and |less than 2.8 in another enbodinentu | ess t han
2.5 in anot heNBRnisodhi resnhydmgehdtes o1t hahoylged noy etyremadechemtrile rubbers.

mbodi ment, apd lLess than.2 1 j t bodi.ent.. . Pol yethyl
and pol ypr opyPBALCEEHY RAAIS B SR CBhsPdEos LRED): B SoIgheset
least 2.3 ( FRbERGHe. O3 bilEilend RXd Al Y2k %{éA %iglr%@rg}lﬁrgm%%b?@ﬂe of

CRC Press 2001f. ‘[ 00136] The NEP has a Viscosity / ) rom
0.1 to 3000 cfBmdl ¢80t aimbnkeorhodingent,dra@do te 3V vats ingoahenembetiment,

nbodi t, 1 tg 2 .cSt at 100C.in,. th di t d
From 1 to 200MESOR 157800 FVeyBoeh AR PR e GUaR end he ARG SIRIEED of ghe
500 cSt at 10§FBR:oY6kRRHEnSIROI 17RB140 WHE ELeblk @nBRBIMERD kel FdfMIRs

to 30 wi% in another embodiment, and from 20 to 25 wi% in yet another

embodiment. The Mooney viscosity may range from 30 to 60 in one embodiment

)



- Gratiity, (9

" That

j}ogig§,70 iCOte rtt, ,.. Pour : (t) ama . A Bh%%ﬂﬁ?i@s&#ws

isc3itY @,250c tA :,f1l;. Saturates

?":Aromaties (w/0);: V". ISOPAR E 117-136 -63 0.72 0.85 <0.01
| SOPAR G 161-176 -57 0.75 20

(1+4, 100°C, ASTM D1646), and from 30 to 55 in another embodiment. These
rubbers are common in the art, and described in, for example, HANDBOOK OF
PLAsTICS, ELASTOMERS, AND COMPOSITES 1.41-1.49 (Harper, ed., McGraw-Hill,
Inc. 1992). A commercial example of this synthetic rubber useful in the present
invention is sold under the trade name KRYNAC™ (Lanxess Corporation, Akron,

OH).

[0061] In yet another embodiment, the secondary elastomer is a specialty
rubber containing a halogen group such as polychloroprene (CR, or chloroprene
rubber), a homopolymer of 2-chloro-1,3-butadiene. The Mooney viscosity may
range from 30 to 110 in one embodiment (144, 100°C, ASTM D1646), and from
35 to 75 in another embodiment. These rubbers are common in the art, and
described in, for example, HANDBOOK OF PLASTICS, ELASTOMERS, AND
ComMpPOSITES 1.41-149 (Harper, ed., McGraw-Hill, Inc. 1992). Commercial
examples of these synthetic rubbers useful in the present invention are sold under
the trade names NEOPRENE™ (DuPont Dow Elastomers, Wilmington, DE),
BUTACLOR™ (Polimeri Emopa Americas, Houston, TX) and BAYPREN™
(Lanxess Corporation, Akvon, OH).

Semicrystalline Polymer

[0062] In an embodiment, the elastomeric compositions may comprise at
least one semicrystalline polymer that is an elastic polymer with a moderate
level of ecrystallinity due to stercoregular propylene sequences.  The
semicrystalline polymer may comprise: (A) a propylene homopolymer in which
the stereoregnlarity is disrupted in some manner such as by regio-inversions; (B)
a random propylene copolymer in which the propylene stereoregularity is

disrupted at least in part by comonomers or (C) a combination of (A) and (B).

[0063] In another embodiment, the semicrystalline polymer further
comprises a non-conjugated diene monomer to aid in vulcanization and other

chemical modification of the blend composition. The amount of diene present
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in the polymer is preferably less than 10 wi%, and more preferably less than 5
wit%. The diene may be any non-conjugated diene which is commonly used for
the vulcanization of ethylene propylene rubbers including, but not limited to,

ethylidene norbornene, vinyl norbornene, and dicyclopentadiene.

[0064] In one embodiment, the semicrystalline polymer is a random
copolymer of propylene and at least one comonomer selected from ethylene, Cy-
C12 a-olefins, and combinations thereof. In a particular aspect of this embodiment,
the copolymer includes ethylene-derived units in an amount ranging from a lower
limit of 2 wi%, 5 wi%, 6 wt%, 8 wi%, or 10 wi% to an upper limit of 20 wt%, 25
wi%, or 28 wi%. This embodiment may also include propylene-derived units
present in the copolymer in an amount ranging from a lower limit of 72 wt%, 75
wi%, or 80 wt% to an upper limit of 98 wt%, 95 wit%, 94 wt%, 92 wt%, or 90
wi%. These percentages by weight are based on the total weight of the propylene
and \;:thylenewderived units; i.e., based on the sum of weight percent propylene-

derived units and weight percent ethylene-derived units being 100%.

[0065] The ethylene composition of a polymer can be measured as follows. A
thin homogeneous film is pressed at a temperature of about 150°C or greater, then
mounted on a Perkin Elmer PE 1760 infrared spectrophotometer. A full spectrum
of the sample from 600 cm™ to 4000 cm™ is recorded and the monomer weight
percent of ethylene can be calculated according to the following equation:
Ethylene wt% = 82.585 -111.987X + 30.045 X?, wherein X is the ratio of the peak
height at 1155 cm™ and peak height at either 722 cm™ or 732 cm™, whichever is
higher. The concentrations of other monomers in the polymer can also be

measured using this method.

[0066] Comonomer content of discrete molecular weight ranges can be
measured by Fourier Transform Infrared Spectroscopy (FTIR) in conjunction with
samples collected by GPC. One such method is described in Wheeler and Willis,
Applied Spectroscopy, vol 47, p 1128-1130 (1993). Different but similar methods
are equally functional for this purpose and well known to those skilled in the art.
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composition, it is beneficial if (1) a single sited metallocene catalyst is used
which allows only a single statistical mode of addition of the first and second
monomer sequences and (2) the copolymer is well-mixed in a continuous flow
stirred tank polymerization reactor which allows only a single polymerization

environment for substantially all of the polymer chains of the copolymer.

[0069] The crystallinity of the polymers may be expressed in terms of heat
of fusion. Embodiments of the present invention include polymers having a heat
of fusion, as determined by DSC, ranging from a lower limit of 1.0 J/g, or 3.0
I/g, to an upper limit of 50 I/g, or 10 J/g. Without wishing to be bound by
theory, it is believed that the polymers of embodiments of the present invention.
have generally isotactic crystallizable propylene sequences, and the above heats

of fusion are believed to be due to the melting of these crystalline segments.

[0070) The crystallinity of the polymer may also be expressed in terms of
crystallinity percent. The thermal energy for the highest order of polypropylene
is estimated at 189 J/g. That is, 100% crystallinity is equal to 189 J/g.
Therefore, according to the aforementioned heats of fusion, the polymer has a
polypropylene crystallinity within the range having an upper limit of 65%, 40%,
30%, 25%, or 20%, and a lower limit of 1%, 3%, 5%, 7%, or §%.

[0071] The level of crystallinity is also reflected in the melting point. The
term "melting point," as used herein, is the highest peak among principal and
secondary melting peaks as determined by DSC, discussed above. In one
embodiment of the present invention, the polymer has a single melting point.
Typically, a sample of propylene copolymer will show secondary melting peaks
adjacent to the principal peak, which are considered together as a single melting
point. The highest of these peaks is considered the melting point. The polymer
preferably has a melting point by DSC ranging from an upper limit of 110°C,
100°C, 90°C, 80°C, or 70°C, to a lower limit of 0°C, 20°C, 25°C, 30°C, 35°C,
40°C, or 45°C. Typically, a sample of the alpha-olefin copolymer component

will show secondary melting peaks adjacent to principal peak; these are

&
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considered fogether as single melting point. The highest of the peaks is

considered the melting point.

[0072] The semicrystalline polymer may have a weight average molecular
weight (Mw) within the range having an upper limit of 5,000,000 g/mol,
1,000,000 g/mol, or 500,000 g/mol, and a lower limit of 10,000 g/mol, 20,600
g/mol, or 80,000 g/mol, and a molecular weight distribution Mw/Mn (MWD),
sometimes referred to as a "polydispersity index" (PDI), ranging from a lower
limit of 1.5, 1.8, or 2.0 to an upper limit of 40, 20, 10, 5, or 4.5. The Mw and
MWD, as used herein, can be determined by a variety of methods, including
those in U.S. Patent No. 4,540,753 and references cited therein, or those
methods found in Verstrate et al., Macromolecules, vol 21, p 3360 (1988), the
descriptions of which are incorporated by reference herein for purposes of

United States practices.

[0073] In one embodiment, the semicrystalline polymer has a Mooney
viscosity, ML{1+4) @ 125°C, of 100 or less, 75 or less, 60 or less, or 30 or less.
Mooney viscosity, as used herein, can be measured as ML(1+4) @ 125°C
according to ASTM D1646.

[0074] The semicrystalline polymer used in embodiments of the present
invention can have a tacticity index (m/r) ranging from a lower limit of 4 or 6 to
an upper limit of 8, 10, or 12. The tacticity index, expressed herein as m/r, is
determined by C nuclear magnetic resonance (C NMR) is calculated as
defined in Cheng, Macromolecules, vol 17, p 1950 (1984). The designation “m”
“r” describes the stereochemistry of pairs of contiguous propylene groups,
“m” referring to meso and “r” to racemic. An m/r ratio of 1.0 generally
describes a syndiotactic polymer, and an m/r ratio of 2.0 an atactic material. An
isotactic material theoretically may have a ratio approaching infinity, and many
by-product atactic polymers have sufficient isotactic content to result in ratios of

greater than 50.
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[0077] The triad tacticity (mm fraction) of a propylene copolymer can be
determined from a *C NMR spectrum of the propylene copolymer and the following
formula:

——

PPP(mm) ()
PPP(mm) + PPP(myr) + PPP(rx) "

mm Fraction =

where PPP(mm), PPP(mr) and PPP(rr) denote peak areas derived from the methyl
groups of the second units in the following three propylene unit chains consisting of

head-to-tail bonds:

CHa CHa CHs

|

PPP{mm): CH——CHy—CH~——CHj, CHmCHQ)——
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i n anot her enbodi nent, which may be the sane or different. In one
enbodi ment, the exfoliating agent is a so-called long chain tertiary
ani ne, wher eigasft | emster¥ni mBodithénts0 the?Qedldrpyalling Riljeae usedbn the

00166] | th nbodi ts, a cl f foliati dditi '
Lhose whi ch GECBONEBARdhisghbbh aee eBTind Mo O0Iayer Wt IGDLLEE W°

RS e or SORATYE ORS00 S8 MU firilel 4 SEaNIRERIER ORfin

the sane or differeéent each occurrence and 1s selected
al | coxy or ox3pblyatee" andwRd 0F0HMS0r ghamicrystatlirealpolyorepatard | @nwné¢rhiatiie

matri x polymer of the conposite.. [00167] Other suitahle e l.i in

addi ti ves i n@VaRbIS a5t 34{%&@34%[3 E1 tya_ Sé%_l?r% E‘%’f@?ﬁ@ﬁ"%é]ogf(lﬁtﬁ?%g

2-30 carbon Qﬁ'o%‘ég%nﬁﬁuﬁb @H%nl HAdHREARYTE AGifmers (not produced from
ol act a anéi1 I ke |

epsi | on-capr i i ng agents and

terials. Suitable swe
processes f ompréocetses baleat dasgribeat) Ded GiehicA tGosmng, MidaiddEd in U. S.
Patent No. 4,472,538, U. S. Patent No. 4,810,734, and U.S. Patent No.
4,889,885 as well as WD 92/02582. [00168]In an enbodi nent, the

exfoliating ai%%&&;ﬂ?stﬁ@e@ﬁfji tives are capable of reacting with the
hal ogen sites of t'he hal ogenated el astoner to form conpl exes which

hel p exfoliate the clay. In certain enbodi nents, the additives
include all primary,_secqndar nd tertiary am nes an hosphi nes;
Kyl and ar Y0058l 1 BESHoR Sppoarsert e BB ERp G PG o RURaY Coprice a
versi-ons. Degifsalhe tRdfbbiaVes rdsie! alheimdaeicGBahe shitdld ForypRBHdest the
present invention may be used singly or in combination and are resins containing

nitrogen, oxygen, halogen, sulfur or other groups capable of interacting with an

)



[ 00169] | nw@;%}%ﬁ%ﬁgs enbodi ments, nodi fying agents incl ude@@égﬁ@%y]s

- one pol ymer  charn Conprising a carbon chain | ength of frio

C500, wherein the polyner chain also conprises an

anmoni um functional i zed group descri bedsby the foll ow ng group
pendant to the polynmer chain E R- N R2 53 wherein each R, Rl and
R2 are the sane or different and independently selected from

hydrogen, Clarb@afe Gmddionhl gukeresh a¢ halogks ,orsachdit igroipsd CThe tresifs? bre
al kyls, al kenes or aryls, ClL to C26 aliphatic al gﬂohols or ethers, Cl

to C26 car baxgient im#hegsanogpmppsitssiromt Hoig PAvEe ahithfesanosemppsieds fisd

esters; and erein I C { &k | f I

pro- . oot 7o traineth Fyf AGTLALE 8L hAh LoD RBNAS R i B0
in the conpogio iPRet dhodier ambudiment hchétemetheptmbadingint, thetesint i pnesast
measured by the perneability test(i)c;g%ﬁiescri bed herei 8 For xag@l
but not |i miatadevd oftgreaterdben ¢ v aefthe BaReromappsile, g Brester thap “g%r
i n one enbodi . 0.2 to 20 phr in another enbodi nent, and
fromO.3 todi %Bf%mf %Hg%cilﬁlgﬁaét her enbodi nent. [00171] The exfoliating
additive may be added to the conposition at any stage; for exanple,

the additive nmay be added to the el astoner ol l owed b ditjon of
the |ayered P#%] er, SH%talP\lﬁ)}hﬁB"OQ He PR, INCHIR5; TSP (?ﬁlef‘)%d oI 5% ErY e

el astoner a st i Sﬁ'mid%' SlycRbot A& jebteMe Bishes,
i rat br enqaiebing 32 popiiay folth SRR By e e R
elast omer i npotgihctanes, hepolyatetads, metryladiilerbuEtianpbiysensf  sesins  (ABS),
Fer 1 ungentaiengieieife ShEh o RRAHERT sThicE BrGT Pole et SOHELS
G oisite 10AbRintlet RsARASATRI #jrbee Idfeic Gutiyatite r28fs (SMADSiskemdifoA,
and Cloisite cg% They astr eA(aI SO a% | abl e a%& F and (LUCENTI TE

cl ays producedykepore®@EERKhBEDeand RIKK) prbmixtyresdagyent. Japan. For
exanpl e, SOVASI FTm MAE, 5yJ5ffTM MEE, SOVASI FTm MPE, SOVASI FTm MTE,
SOVASI FTm ME- 100, LUCENTI TETm SPN, and LUCENT| TE(SINN). [00173] The
amount of clgysspr eduathbiat Bentdmystic Nealyanidas €eylons)t bemprseo cosatifiet @S
in accordance with an_enbodi nent of the invention is sufficient to d
devel op an i¥epineventigh mplegwlar nweieghhi AL pelypert iladudingpgepolgpers an
properties of ks i i the Beiynter ThaRNHdlyhid
xygen por mesBt oS TRBARRRkEe ohlle AL Pl ERS ni SE R I Blides
in one enbodinaprte paparefir oynpblynfetiziidorb ofitdiei or amot repsilentastimresech as

based on the polynmer content of, th anoc osite, Expressed in parts
per hundred fapspastam; parrelidiong la ﬁB"P“f“ﬁt @gi%ﬁvuﬂ@%?aﬂ(ﬁc‘a?%%ﬁ?r 3 1
to 30 phr i na&@%r@?ﬂ{d@ﬁéﬁmn%@iﬁ&sﬁm&dé P aRiMes 'BAA YL forming and

enbodi nent. Cradsslinlcing Agents, Curatives, Cure Packages, and

Cyring Processklng 08%34] hylonerarai suitiblrodi Fsamplest 08 eidks obispides are

conposi ti-ons _gnd the articles de from thgs oUROSI ki ons N
conprise or BRYSAPRUEHETr ed wil® O{l‘ﬁé aid ofp°§'tl§'lxggas°§é one cur lon-12),
package, at |,Qo6ix.RRenyIsHcalipdRidealnilQRE6) ORtyltxamethylbneaglageat(nylon-
and/ or undergo”a proceéss to cure the elastoneric conposition., As used
herein, at |&ABt one cur at ipplyhosarethulepesebzcamide any mat eri alnylpn-6,10);

met hod capabl f inpartin red.pr t] t

under st ood iﬂfﬁyﬁ@(a]{%yé?r}e\}s%pﬁ@a‘eagg% P’%ﬁ%né’l‘i@gtaﬁégh%gc aéseﬁr%%%ggar?c&%ge
any and at | eaghifnend@catdie i@cﬂﬁ%ﬂdﬂgll)[ 00ATEl6NE eraniplee of satisfactory
crosslinking agents are preferably used in the el astonerj

conposi t i onspafamidss fespseintly theve htviaha sedenipg BPIY bW 73| (E) ag dpserippd
. o ) \ - ~es] - c |
& ossl | nki notant R HEPERESF CIEIR Bt (11205 i Wileh % Sops

aci ds Mre pref®r aohyisetiec e opinIA OraRsvivErBSCIiBRCRARD! Tecinotupg] p 748-
or ganosi | ane crosslinking silane crosslinl dng ent"

< agent. An "organ a
is any sil anéﬁb(ﬁlq:hﬁlewll‘eyl&egonéné?%})s é‘il"@)g@l VR G ER QFaP%Y%ﬁgﬁNCE
AND TECHNOLOGY, p 392-414 (John Wiley & Sons 1969). Commercially

available thermoplastic polyamides may be advantageously used in the practice of



[001781Ceneral |y, polyner blends, for exanple, those used to produce
tires, arevonrowghémked t hereby inprove the pol ynmer's necheniuszioso4sors
properties. It is known that the physical properties, performance
characteristics, and durability of vuIc%Qized rubber conpounds are
directly related to the nunber (crossli density) and type of
crosslinks formed during the vul cani zation reaction. (See, e.g., Helt
et al., The Post. Vul cani zatj on St abi Lii zatjon,for, NR i n RUBBER D
p 18-23 (19915 inyetienoyaly usari gysial n%)glya% Ve foffenimg point of
vul cani zi ng %g&m ' - t a7 : . It exists as a
rhombi c 8- nmenber grllgdr}l{étBc%lrt\gigér?l1 1aérﬁr)lﬁgpp gt?gng%%ﬁée figgé%%egr nms. The sul fur

vul cani zati on system al so consists of the accelerator to activate the
sul fur, an activator, .a retarder to help. control the,rate of..
vul cani zat i of?®%ccel %‘F@Bg"r @‘e%‘?ﬁ@“‘tcd”oﬁ?{?ﬁ Fso'gh’lcﬁén%’n eef’mg}oyﬁa(ﬁnﬁ‘éqeethgf
vul cani zat | Ofor el Ldiei g}%}eau@éﬂdqft ¥RE &f o5 Wiktite CaOTbAAMES of Nabnatie
formed. Thes actors play a significant role in determ ning the

per f or mance pobpetbbigs aidsdstery of adyiddgsand oo e8aMmistureof &ipk. dxamples

chem cal s that. i ncrease the rate of .,vul canjzation by .reacting first
e Che aco o HREBEOR paltesictt it i e BRk A Bllesithe 1y, lihe
react with tRgeasilxlyisest Qich Usmpaiidulabis-atid@lohgeyibse sttt adl poig gaan
accel erators include am nes, ‘di am nes, guanidines, thioureas,

t hi azol es, t Hidieyolehexgleht eadipitals polyul Esnioni tars-1.4tayslokeranegmesthylene)

anthates, and the like. [00181]Re r
ani tial onsetaﬂﬁf‘ec@ﬁ?hmfyﬁat %&Egh ][as éﬁf@%—gﬁ I 8?'%# écﬁlglr?g&tl %%%?%%atéé;gnd (:)
t he unvul canipsgg(cis!bhakclohSh8ZdahNar)- Cendanai,ng Wiast ¢GRS alkylenas
hal ogenat ed st ar-branched butyl rubber, brominated butyl rubber

chl ori nat ed Bereghthalaisplersucht 5. modvréndenchrenitinated 2pg  \polytetramethylene-
(pol yi sobut yl L SR p%m&% %ﬁ{fz thyleneisophthalat
pol y(i sobutyltgljrél -dé%-gt%’- ﬁ@?h@%ﬁtyrene 1,36 0 @(Q:tﬁf E?%Efgsgﬁg%ﬁagdenms@ et
chl or osul f onaiéobitiyeidilyylemeisoplythiletecandslsiei midedalby Riafsrred medessieonare
wi th netal oxjdes, -The netgl goxide i.s thought to r t .wth,hal.oge ‘
groups in t heepyed frem BemEs ‘E,aébcﬁwlhﬁt?ﬂ ég%és P?\Ql‘gﬁ%ﬁ?ﬂ:é’gé’. '18%‘0%3
then reacts fygther *&gocﬁr%}g?esugﬁrﬁoﬁbo%ﬂgﬁﬂeb&?éiyhthaZdtBCad&la:‘pb%uty&ne
liberated as a by-product and it serves as an autocatalyst for this
reaction. [00d8giieater Arefprredpblynsiersiviibhdse amelthg nintsisitheeasge pfy160°C
addi ng curatitva @gr‘lrjpecul es, for exanple. sulfur, netal oxides,
organonet al | i€ é ounds, radical initiators, etc., followed by
heating. In particular, the follow ng netal oxides are common .

curatives that will function in theh&resent invention: ZnQ CaQ MO,
Al 203, Cr03, 1F88) FePols(phentlens ethenHEPE) fearmppiasivessinsanbise mayelp used

al one or in conjuncti ' h -[ es ' al . G : -
compl ox (. g SRELPE i dnlel FrERLEE PO DTS cdibbbicly fhaiole ()
organi ¢ and fahtkyalapratuicedtedhaboidatvesconipliag pslyastizatiac ofialkghslbstituted
optionally other curatives such as sulfur _or a sulfur conpound, an.

al | cyl per oxi ddeadlapdhmyareeapiahz Jinger, AupTPRaEs RAEMERIYHS 1 glags Transjtor
products sol ?dﬁ% | 1999 r t [ Cehdd of
Characteri st iqgﬁs%% a{k}/-l‘exlfaa?%? c?? : eaﬁ: 56) 2;318(;%'5%95\3(%%&9%5‘%2& ??(():H{ ¢ °
(1993)). Thi spregdritivh aafl courpositions with puiysyreneyardfrther ééseribedenh AbdPatent

often used far the vul canization of elastomer blends. [00184] The

accel erati on ¢ »Hs-tr e process is acconplished in the present

invention by adding to the conposition an anount of an accel erant,

of ten an organi ¢ conpound. The mechani sm for accel erated

vul cani zat i onjoash] nat Miladr rihédoerpldsivobeséss cwiiph exndynt er avsddonisclnde wien

the curative, accelerator, activators an 0 s. ldeall al | ,of

the avai | abl e*¥¥faEORele quslags i thenol Fﬁt?fﬁg‘eg%ﬁ’ﬁfggﬁ%w SeheerEEmpYad boly
crosslinks Wl j 23 BrfQQekhe ol apRANIIR! Hhiaids, aRfeONARER th& as

copolymers of styrene with less than 50 mol% of acrylonitrile (SAN) and resinous

copolymers of styrene, acrylonitrile and butadiene (ABS); sulfone polymers such



[00187] Ty rom70%to 100% of the el astoner or el nmers i s
~first m xgéi:?b J|U¥7£8gto 90 seconds, or until the tenperat uIF(gT/i@QEW@QWS

from40C to 75C. Then, 3/4 of the filler, and the remini ng anount of
el astoner, if any, are typically added i the m xer, and m xi ng
continues until the tenperature reaches from90C to 150C. Next, the
remaining filler is added, as well as the processing aid, and m xi ng
conti nues unéslﬂowﬂh@nﬁ%ﬁ%ﬁ@tcup@yﬁl@mﬁmﬁﬁ@mﬂq@&f €h#RACand Ogto Cq o-
mast erbatch mixture is then finished by shéeting on an open mll and
al lowed to cdsfins, fiwonexathsdinente howap@poer 6f PoTIaNEdrTivEd WilF-atud/ Bs

Cechni ques. o pooptbies: Sfpiobiodedfofiy M ek REOLRIEBE B jeng dprived

added to theufigl snd8irotledch@erbRiBinticEndkkd thermaslneia dobias s iare h’ﬁﬁNn in
enbodi ment. The processing aid is typically added later in the m xing

cycl e after thhartcarbon bl ack and clay have achi eved adequate

di spersion in the elastoneric matrix. [00189] The cured conpositions
of the invention can include various elastoners and fillers with the
processi ng ajogho) The Ig aiiiptier tenthuglirénit the eonweositioms 6fy fiis dhvention cutier
i sobutyl ene-based, el astgners such as hal ogenat ed .

pol y(i sobut ysaauising a5y rihg therperlatic reppg (Asorghmed o a3 2 erpgriasticer 2
star - branch mp\r oo LbOR o8 Bfed Bio AENEANPL BRI
wi th one an?@ﬁ ASH%EBB%&& ocesg?ng al Jébeﬁﬁ% proes nt 1rI(I)E*F)n 3to 30
p in one ea[ﬂmgell ment. [00190] 1 n one enbodi nent, the conposition is
hal-ogenat ed butyl rubber conponent from 70 to 97 phr that may i nclude
a general purpose rubber from3 to 30 phr, and processing aid present

from3 to 30opf, athb! teeh ® 8 FuleAfiReRnd! ACksdd 9RO 0 cdRRtdhy |
and an exfoliating clay from0.5 to 20 phr in one enbodi nent, and

from2 to 15v1ﬂmmanonmmda$?meﬁbg@th¢eﬂﬂgme¢h@g wweam]qe candzpblie elgstomer

phenolic resins, .sulf teafi.c aci zinc XI de t
fromo0.1 to 48 W Cramzfagdﬁf Icﬂn%ilﬁS ghé%bd%emr'fen% % R "rﬁ%o& %%a%%%y
be a hal ogenghesnbuit ¥limiltHhbeusl ¥ opMnesd add @iRpetfed £ e mificledlofn@nicro
enbodi nent, and from80 to 97 phi  in another enbodi ment, and
processi ng agdd’ yithinghe enginearmeesiBmaix. a filler such as a carbon
black from 20 to 100 ph, and an exfoliating clay fromO0.5 to 20 phi
in one enbodi ment, and from2 to 15 phi in another enbodi nent. The
cure agents pozh as Ipmamndt iveildaeihiien 151ﬁf1feuied Ist e;amxurg ﬂtei thgrediehtz iahca
oxi de, may be present fromO0.1 tq 10 00192 0 @Emh r

I

enbodi ment , H@G@B%o‘g]iuﬁh of Frelf Hovg ﬁl g fery ’E‘{Hr pgpstomer in
conponent f r%ﬁoﬁﬁ ﬁt%ugf aspgﬂl 1O BEn GO HRRES, c&ﬁ%u%ﬁ@f&r?&s tl@legtferﬁbf
i n anot her procéssing ai'd present from 3 0 phi,

filler such mixing (ea’trbcdms bé. gcktwﬁn cme0 extoudb00 Tei ymignel Chﬂiraetcﬁ@ihq af |tbrg

clay fromO0.5 to 59 i n_ape enbogdi ment

in anot her e‘?ﬁﬁ@ﬂ???glﬁt ecelﬁlrp%ﬂ Gent's e hn%‘fg‘“’fﬁﬂ%%% g%hPeie}Cﬁ et the
sul fur, steag | ZhBg 18 uf¥BYHR&oRIpBSiEBhs E410B8 Probedsed AfH
phr. [00193] él_hééc Iﬁglo%bl?%idli%ﬁe bgsed gsto%/rer Ssgfgul |Sn t he ?rnventl on
can be bl endegrosesshd viar icomreentiphalr mbbbib@r@ewng)lt@bmfﬁlﬁs gychiiascedgeipn, |
herein, in patti.cul ar .thernoplastic S|n sych_as

pol yol ef i ns SYfCHO %@%@Pﬁp?%&ﬁ%@ Blro %‘f/mgFrsapoqI fg%*]%r %yqee%?tlavaged
These conmposjyld @pvcadsed.useful in air barrl ers such as bl adders,

envel opes, tire Tnnertubes, tire innerliners, air sleeves (such as in
air shocks), . di aphragnms, as well as other applications where high air

or oxygenED retenti is.desir I e ' .
compostiion WRE § of BEEHARL T ich: era e FORERIR bstyh B DA S8 i
transm ssi Onnﬁéntﬁﬂlcnﬂﬂu@(éﬁ iné&idly GesmE/selRcdayfromtighe @kcﬁh@f rehdistilgy of
about 45.0 cc-nm nR-day- , alternatively, about 50.0

cc- nun/ n2- dayelsarriges.opolutareonsiasi pelygsterhpotysuibongs.croliacioney akaagtals
acrylonitrile-butadiene-styrene  resins (ABS), polyphenyleneoxide (PPO),

polyphenylene sulfide (PPS), styrene-acrylonitrile resins (SAN), polyimides,



[0019%] In certain enbodi nents, the el astoneric conpositions may
optional | ywaomprr®es a) at | east one filler, for exanpl epCcrakmiosinasy’s
carbonate, clay, mca, silica, silicates, talc, titanium dioxide,
starch, wood fl ower, carbon black, or r’glxtures thereof; b) at |east
one clay, for exanple, nontnorillonite,” nontronite, beidellite,

vol konskoite, | aponite, hectorite, saponite, sauconite, nmagadite,

kenyaite, stevensite, verm.culit hal | Qysi t al uni i.d

hydr ot al ci t eStYI§Re H%a;&“bi’é?g‘fla% @\4‘?‘% %BP?B%HW%‘?"%‘?%EF@% i aﬁggﬂqﬁ)ng
agents; 60 gMi BhviliRASherOHE PrAGRISENEnRYhg rbfhs 8%aPGlYyAnides.0Mel ore
oil, naphthenic oil, paraffinic oil, or mxtures thereof; d) at |east

one processipgfemied, pdlpamidkanys aylopl dsmdneylon pll. y Jueferably the ‘engineering

pol yal phaol efin,oils, or,mxtures thereof: e) at l.eas r 0

package or c’i??@ﬁg\%ayo?m 28 PCTSRE b ik SIS HRE T g%%r%) &P%ﬁloﬁtgsg% Wi,
undergone atlL.eagily ¢eh BEAR 2930 18 WiILHAUE eladtofier @ehyasyTP@sint 0B amynt
conbi nation of a-e. [00196] The el astoneric conpositions as described

above may beranging from abent Retn Pt umeeferably fro Wiahtos8 QG wen, Based on the
i nner | | d_i nner t.ub int dycti ¥ d
Lnd equi e oSEt e rEtH 0% eI 7 bR O il PSRy

known in the ﬁﬁ&ies&ég@fsedein@aj,deugﬁeeﬁagmh,No. 6,834,695, U.S. Patent
No. 6,832,637, U S. Patent No. 6,830 722, U S. Patent No. 6,822,027,

U S. Patent No. 6,814,116, U S. Patent No. 6,805,176, U S. Patent No.
Us. patent 9o 798, dyoprelrd jsiitbamie> (o TaRRopll (P MRl Jom ()
S i T el i R )
for articl esmsthkstsngly neliq?‘?%?é‘?@go)r/ PE%Yﬁié@uwlmﬁﬂiﬁswﬁsﬁgfcﬁé%%W
[00197] The ehﬁ?%@%&%?31@8%%?&%@%{%6@%&% N0 BreiRNed Buli tuyBad,

conpressi on no ecti'on" nolded, and |lam nated into
vari ous shapbslogetatec sisr-branthedi bwgylfjubbers bufyl raleher,| kelograeted  butdympber,

i ndustrial parts.such as tonot i.ve ts. appkian h i.ngs .
consuner pro f‘%xmﬁ"éc,tﬁga‘i?ﬁ gﬁ)l fgw%}‘lﬁf Wgeaff;‘]ir?(de ?mFg%'T@gfﬁ"r? egéals’?%l%u?oérrq?nste he
el astoneri ¢ eRIRARIiGtr 8hEotfddbutylrdbéd, cl es for a variety of tire
applications such ds truck tires, bus tires, autonobile tires,

notorcycle tires, off-road tires, aircraft tires, and the |like. The

riicle or al@Bponhe Bpomer Adhke Mo b O, SRl ot Rofiofcn 2

for a tire. FhgeakbhChe toE)) P Eebaeteatboliiment, Gdmakp tbafd iphr sn amother
menbranes, filnms, layers (mcrolayers and/or ltila e%%, .
i nnerliners, eﬁf@ﬁ@mﬁlﬁ’b&qmé‘{)d%\ﬂ&%}n fl?‘%la‘ﬂﬁm Hoendrad : é%pofﬂeq’é)zplﬁﬁﬂ
the |ike. [00499)4deABRbARMARP!h Rk ABimet MnhARLATRId ClaCOMePThe) 8BS~
may be enpl oyed in air cushions, pneumatic springs, air bellows, ( )
hoses, accumptaterfifiags lend phel4nsl Somlet dsast Grpheywandbet smbediment, and
automotive b(:aﬁlﬂotnf at least 5 phr in yet another embodiment, and from at least 10 phr in yet

another embodiment. A desirable embodiment may include any combination of

any upper phr limit and any lower phr limit.

[0096] Tn other embodiments, the elastomer, either individually or as a blend
(i.e., reactor blends, physical blends such as by melt mixing) of elasiomers may be
present in the composition from 5 to 90 phr in one embodiment, and from 10 to 80
phr in another embodiment, and from 30 to 70 phr in yet another embodiment, and
from 40 to 60 phr in yet another embodiment, and from 5 to 50 phr in yet another

embodiment, and from 5 to 40 phr in yet another embodiment, and from 20 to 60



[ 00200] Th ful in nolded rubber parts and find

: applicatigﬁgﬁpﬁvgﬁ onobi | e suspensi on bunpers, auto exhghgﬁﬂﬁﬂﬁ%%?%?
and body nounts. [00201] Additionally, the el astoneric conpositions
may al so be used as adhesives, caul ks, 38eal ants, and gl azi ng
conpounds. They are al so useful as plasticizers in rubber
formul ati ons; as conponents to conpositions that are manufactured
into stret chhwipgethhbile: emBodireat asdifibm Z00to 3upliriia get aiotien@mbodiment,

potting and electrical cable filling materials. [00202]1n_yet other
appl i cati ongbe 9%@@%&5@%1%?1@5@8136?5%% HBO% Mo %ESll?Pén?%éPStei pdicgon; Pﬁgﬁw
i nvention arcgmghﬁﬂoﬁseful in chewi ng-gum as well as in nedical
appl i cations such as pharnaceutical stoppers and cl osures, coatings
for nedical devices, and the arts for paint rollers. [00203] Al |

priority docunents,_ patents, publicatjons, an atent applicatio
Pest procediBg (suthe cssmieePRBaR oI aineY oAb LoRBEL FEIFist o ahér

herein are faildlofmd (OLROEALRE, Blistoffefl CTRE cleBtdR(s§ thiyhiss ¥6 Rombined
di sclosure is not inconsistent wmth this invention and for all
jurisdicti ongith sthedineterislscoh pblyoerporati on is permitted. [00204] When
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by those sl ciompedents as discused tip ersie KetaHebslony cndi18ay pe PPHEPIRly cured to
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tenperature. Test specinens were cured at the indicated tenperature,
typically from150C to 160C, for a tine corresponding to t90 +
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torque", respectively. The "M5" value is the Money scorch val ue, the
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proeperties (tepsile strength, .elon i a :
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stress/strain value of at |east three specinens is reported. The
error (2a) in Tensile strength nmeasurenents is th 0.47 MPa units. The
error (2a) imoteRs uriihegplddéiteadiul irsthe SnviehtiOn has 4 ufeRandexi (M) of baween
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har dness was0-h@ad 20eds/min ﬁﬁﬁm]@%&d%@ DY 1@%?%811%1‘312%(?%@3%@8 .

0.2 to 10 dg/min in another embodiment, and from 0.3 to 8 dg/min in yet another

embodiment. The average molecular weight of useful plastomers ranges from
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(second melt peak) in another embodiment.

{00102]  Plastomers useful in the present invention are metallocene catalyzed
copolymers of ethylene derived units and higher a-olefin derived umits such as
propylene, 1-butene, 1-hexene and 1-octene, and which contain enough of one or
more of these comonomer units to yield a density between 0.860 and 0.900 g/cm®
in one embodiment. The molecular weight distribution (Mw/Mn) of desirable
plastomers ranges from 2 to 5 in one embodiment, and from 2.2 to 4 in another
embodiment. Examples of a commercially available plastomers are EXACT™
4150, a copolymer of ethylene and 1-hexene, the 1-hexene derived units making
up from 18 to 22 wt% of the plastomer and having a density of 0.895 g/em® and
MI of 3.5 dg/min (ExxonMobil Chemical Company, Houston, TX); and
EXACT™ 8201, a copolymer of ethylene and 1-octene, the 1-octene derived units
making up from 26 to 30 wit% of the plastomer, and having a density of 0.882
glom® and MI of 1.0 dg/min (ExxonMobil Chemical Company, Houston, TX).

Processing Aids

Functionalized Polymer

100103) The invention provides for a process to produce an elastomeric
composition, the process comprising contacting at least one elastomer with a

processing aid, wherein the processing aid comprises at least one functionalized

polymer having at least one anhydride group.

O
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Air Per N r) 65C) (cnB-cm cnR-sec-atm x108 See tex
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press cured Tc 90+2 mn @ 160C Hardness Mdul us 20% 100% 300%

Tensile StrReThe at least one functionalized polymer may be prepared by
functionalizing at least one polymer with at least one anhydride. For example, a
manufacturing process for making the at least one functionalized polymer
involves solution functionalization of a polymer with an anhydride via either

thermal ENE reaction or in the presence of chlorine.

[00105] In certain embodiments, the at least one polymer may be derived from
a polymer polymerized from monomers including one or more of olefins, alpha-
olefins, disubstituted olefins, isoolefins, conjugated dienes, non-conjugated dienes,
( styrenics and/or substituted styrenics and vinyl ethers. For example, the
monomers may contain 2 to 20 carbon atoms, alternatively 2 to 12, and

alternatively 4 to 10 carbon atoms.

[00106] In an embodiment, the functionalized polymer comprises Cz-Ciz a-olefin

derived units.

100107] In another embodiment, the functionalized polymer comprises C4-Cio

isoolefin derived units.

[00108] In yet amother embodiment, the functionalized polymer comprises

1 isobutylene derived units.

[00109] The at least one anhydride group may be derived from the group
consisting of maleic anhydride, itaconic a anhydride, citraconic anhydride,
propenyl succinic anhydride, 2-pentenedicic anhydrides, and mixtures thereof.

Illustrative examples may be represented by the general formulas:



El ongation at Break Energy to Break Shore A MPa MPa % N mm (J) ASTM
D2240 ASTM ®4d2/0di063 C Hot Air Aging, 72 hrs. (r) 125C Hapdnesos/o45978
Modul us 20% 100% 300% Tensile Strength El ongati on at Break Energy
to Break Shore A MPa MPa % N mm (3) ASTM D573 DeMattia Flex mm (r)
kil ocycles ASTM D813 nodifi ed 65 TABLE ®. Various Conmponents in the
Conposi tions
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Conmponent__Brief Description Comrercial Source Bronobutyl 2222 )

- Broni nat eY PN but yI ene- co- i soprene), Money Vi scofiGyU290045978
125C) of from 27-37 MJ DamMobi | Chem cal Conpany (Houston, TX)

Br onmobut y1- 6222 Brom nated butyl rubber sgith styrene bl ock copol yner
Rocon. Mobi | Chem cal Conpany (Houston, TX) EXXPROTM 01-5 10 wt % PMS5,
0. 85 nol % Br PM5, Money viscosity of 455 MJ (1+8, 125C) ExxonMbbi |
Chem cal Conpany (Houston, TX) N660 Carbon black Sid Ri chardson

Car bon Co Fort_Worth, . TX). CLO.SI TETn20A Di net hyl dital | ni
O e e 11 CRoBhmHoRAl 7oL anes A3 RGO £ PBaNaed
Conzal ez, T Yo :

(Conzal ez, TX 1%&%%&&%9.V%%Wﬁu% eré'of MchYREadds infae Infineum

Carroll, Inc (Trenton, C 500 AE (Tr eat eg Disti P'Eat
Aromat i ¢ Ext ftemptiaial Ldbisinder, Np amh ChestroOoanite{ Bamipanyy , Hd@atom 13K)

PARAPOLTM

[00111]  In an embodiment, the at least one functionalized polymer is succinic
anhydride functionalized polyisobutylene (PIBSA). For example, a
manufacturing process for making PIBSA may involve solution functionalization
of a polyisobutylene or polybutene (PIB) such as a low molecular weight PIB with
maleic anhydride via either thermal ENE reaction (thermal PIBSA) or in the
presence of chlorine (chloro-PIBSA). As with all the polymers to be
functionalized where applicable, the starting PIB can be made from pure

isobutylene monomer or a mixture of butene isomers.

[00112]  In certain embodiments, the number average molecular weight (by gel
permeation chromatography) of the starting polymer such as PIB ranges from
about 400 (the weight of the molecule in atomic mass units relative to hydrogen
atom assigned a value of 1.0) to about 5,000 or higher, alternatively, from about
500 to about 2,500, alternatively, from about 800 to about 2,500, and alternatively,
from about 800 to about 1,500.

- [00113] In certain embodiments, the anhydﬁde functionality of the at least one
functionalized polymer such as PIBSA can range from about 0.5 mol% to about
2.0 mol%, alternatively, from about 0.8 mol% to about 1.7 mol%, and

alternatively, from about 1.0 mol% to about 1.5 mol%.

[00114] Commercial examples include PIBSA 48 functionalized polymer from
Infineum referenced above and derived from 2,200 Mn PIB with an anhydride
functionality of about 1.2 mol% and PIBSA 55 functionalized polymer derived
from 2,200 Mn PIB with an anhydride functionality of about 1.4 mol%. Other
commercial examples include OLOA 15500 PIBSA from Chevron Oronite



C4 raffinate ExxonMobil Chemi cal Conmpany (Houston, TX) Texas
Pet r ochemv@abm74oest on, TX) TPC 5130 Pol yi sobutyl ene Pr&BBS2005/045978
Pol yi sobut yl ene succi nic anhydride |Infineum|nternational Ltd.

(Li nden,

NJ) Rosin Ol MR 1085 A Tacicifjer, including unsaturated

cyclic carboxylic acids Soverei gn Chem cHl (Akron, OH) SP-1068 Al kyl
phenol formal dehyde resin Schenectady Int. (Schenectady, NY)

STRUKTOLTm 40 Co sitio f, aliphatic- aronatic-n t heni c_resins
St rl etol | Co TeBrernRalIAbRRe (40 Ve AL s P G EAIA o166 BrHLESA

Process Zinc &inivgﬁﬁé}d‘f,E,g@l\/%Pl@f Anerica (Mnaca, PA) KADOXTM 930
|

H gh Purity Frenc

PA) MBTS

rocess nc Oxide Zinc Corp. of Anerica (Mnaca,

[00115]  In yet other embodiments, the processing aid as described above may
have a number average molecular weight (Mn) as determined by gel permeation
chromatography of less than 10,000 in one embodiment, less than 8000 in another
embodiment, and less than 6000 in yet another embodiment. In one embodiment,
the processing aid have a number average molecular weight of greater than 400,
and greater than 700 in another embodiment, and greater than 900 in yet another
embodiment. A preferred embodiment can be a combination of any lower
molecular weight limit with any upper molecular weight limit herein. For
example, in one embodiment, the processing aid may have a number average
molecular weight of from 400 to 10,000, and from 700 to 8000 in another

embodiment, and from 900 to 3000 in yet another embodiment.

[00116] In certain embodiments, the processing aid may have a number average
molecular weight (Mn) of from 450 to 5,000; alternatively, from 500 to 2,500;
alternatively, from 900 to 2,500; alternatively, of about 1,000; alternatively, of
about 1,300; and alternatively, of about 2,300.

[00117) Exemplary viscosities (ASTM D445) of the processing aid may range
from about 10 to about 6000 cSt (centiStokes) at 100°C in one embodiment,
alternatively, from about 35 to about 1000 ¢St at 100°C, alternatively, from about
75 to about 500 ¢St at 100°C, alternatively, from about 100 to about 300 cSt at
100°C, alternatively, from about 100 to about 200 ¢St at 100°C, and is greater than
35 ¢St at 100°C in yet another embodiment, and greater than 100 ¢St at 100°C in

yet another embodiment.

[00118] In yet other embodiments, the viscosities of the processing aid may
range from 10 to 6000 cSt (centiStokes) at 100°C in one embodiment, and from 35

to 5000 ¢St at 100°C in another embodiment. In other embodiments, the viscosity

A
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2- Mer capt iazol e disulfide R T. Vanderbilt (Norwalk, CT)_ or

El astoche%@?&%}gﬁz OH) MAGLI TE- KTm Magnesi um Oxi de c\.Ag‘.’CTlaHF%‘R’%%4.5978
(Stow, OH) 66 Testing of Functionalized Polynmer [00215] The
functionalized pol ymer polyisobutyl ene sigcci ni c anhydride (Pl MA Expt

3) was incorporated into a bronobutyl rubber tire innerliner
formul ati on along with other rubber conpounding ingredients (see

Tabl e 2) by i Xidagr thhne33 Wor &t BN QiR §86snoiikr @tliodRertNER] PRhteMRER100
equi pped with nterneshing rotors. A 1200-gram batch size was used
for each m xicHgaiskOfde in Tetanpthes embedigeninas ni xed at a conti nuous
rotor speed of 60 rpmby adding all of the polyners and m xing for 30
seconds. 75% of the carbon black was then added and the m xture was

continued to [§p@19yi Xe’@h@@l&ﬁ%ﬁ{erﬁfbo_ﬁgﬁ@iﬁdﬁ cotpEiseof Rl Reharéd WhilIFom 1 to
(clay, etc.) and the processing aids (processing oil, 'NFP, functional

pol ybut ene of60tHs ihpresemnbodimend dtamp A Yo 4@ phr mdnethes sabediment xfram 8 tods
continued to . ] f : e 0, se . e rgnaining ca n
bl ack and t hé’%%@%ét rbu%%&ﬂgﬁéll %P%l)gg%n %Fg‘)ﬁ%’{ﬁ@& 3%5(1&?#%%’”& 2
m xture cont iimu@@ht i Joe andtkederibddihent, fromal to0f5 @Gn yecadter ehdpsRtngr
a m xer tenperature_ of 300F was reached, whichever occurred first,

The second stagEWLS 2% Bl predeeqhe rmbadiargnt of theuorgssing aidnsaleseribed

m xer equi pp ' ' rwg n
Maxi mum cool %ﬁ%w\ivarv@e#g%gl 0 r!éggukfa%%ee{ reog%sesnﬁ!eé)ig%?%gggg { ﬁié’plélﬁPlgerﬁna t
m'éxer. The stembined witsimgribaer hludiroit Heseridedhdreimur e ant i degr edant s

(stearic acid, zinc oxide, sulfur, accelerator) were added and the
m xture was continued to be mxed until a total of 150 seconds

el apsed or a g’ tRIREEAbMIRCRS 12 AEcARiR s LRGN MRlE REYBSsition does
occurred first. An open two-roll "'ml1l was Used to s%eet out tshe

st ocks aft er nebehnian apppnaticxdrogpssrepsat@atipounds Wi th a napht henic
processing oil, Control 1, and the NFP pol yi sobutyl ene processing
aid, Control 2, were simlarly prepared as conparative exanpl es.

For mul ati ons [@ma:s homnariothel 2R dnent,GRe hRABbSGIN: ai@r&@%t&ﬂéﬂc%éﬂi%%iﬁon

Innerliner Test Fornulations. |ngredient Control Contra 2 'Exfpt )
Bl LK 2222 106 ferponobsimptialbvrepof or mayhiynordy gentamigeondevels of aromatic,

napthenic, parafinnic oils, or mixtures thereof. As used here, "substantially free"
refers to 1,000 ppm or less, alternatively, 800 ppm or less, alternatively, 500 ppm
or less, alternatively, 250 ppm or less, alternatively, 100 ppm or less, alternatively,
75 ppm or less, alternatively, 50 ppm or less, alternatively, 20 ppm or less,
( alternatively, 15 ppm or less, alternatively, 10 ppm or less, and, alternatively, 5

ppm or less.

[00122] In yet other embodiments, the processing aid or elastomeric

composition may include other components such as the following.
Polybutenes

[00123] In one aspect of the invention, a polybutene processing oil may be
present in air barrier compositions. In one embodiment of the invention, the
polybutene processing oil is a low molecular weight (less than 15,000 Mn)

homopolymer or copolymer of olefin derived units having from 3 to 8 carbon
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atoms in one embodiment, preferably from 4 to 6 carbon atoms in another
embodiment. In yet another embodiment, the polybutene is a homopolymer or
copolymer of a C4 raffinate. An embodiment of such low molecular weight
polymers termed "polybutene” polymers is described in, for example, SYNTHETIC
LUBRICANTS AND HIGH-PERFORMANCE FUNCTIONAL FLUIDS p 357-392 (Rudnick
& Shubkin, ed., Marcel Dekker 1999) (hereinafter "polybutene processing oil" or
"polybutens").

[00124] In one embodiment of the invention, the polybutene processing oil is a
copolymer of at least isobutylene derived unifs, 1-butene derived units, and 2-
butene derived units. In one embodiment, the polybutene is a homopolymer,
copolymer, or terpolymer of the three units, wherein the isobutylene derived units
are from 40 to 100 wit% of the copolymer, the 1-butene derived units are from 0 to
40 wi% of the copolymer, and the 2-butene derived units are from 0 to 40 wt% of
the copolymer. In another embodiment, the polybutene is a copolymer or
terpolymer of the three units, wherein the isobutylene derived units are from 40 to
99 wi% of the copolymer, the 1-butene derived units are from 2 to 40 wit% of the
copolymer, and the 2-butene derived units are from 0 to 30 wt% of the copolymer.
In yet another embodiment, the polybutene is a terpolymer of the three units,
wherein the isobutylene derived units are from 40 to 96 wi% of the copolymer, the
1-butene derived units are from 2 to 40 wi% of the copolymer, and the 2-butene
derived units are from 2 to 20 wt% of the copolymer. In yet another embodiment,
the polybutene is a homopolymer or copolymer of isobutylene and 1-butene,
wherein the isobutylene derived units are from 65 to 100 wt% of the
homopolymer or copolymer, and the 1-butene derived units are from 0 to 35 wit%o

of the copolymer.

[00125]  Polybutene processing oils useful in the invention typically have a
number average molecular weight (M) of less than 10,000 in one embodiment,
less than 8000 in another embodiment, and less than 6000 in yet another
embodiment. In one embodiment, the polybutene oil has a number average

molecular weight of greater than 400, and greater than 700 in another embodiment,



111 Sulfur 0.5 0.5 0.5 MBTS 1.25 1.25 1.25 1002161Results of cure
. and curedwg‘ﬁ;g%7i/(£73?63property testing indicate that use offGIfES2005/645978
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cured physical properties are naintained. 8 TABLE 4. operties o
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from 10 to 6000 cSt (centiStokes) at 100°C in one embodiment, and from 35 to
5000 ¢St at 100°C in another embodiment, and is greater than 35 ¢St at 100°C in
yet another embodiment, and greater than 100 cSt at 100°C in yet another

<* embodiment.

[00126] Commercial examples of such a processing oil are the PARAPQL™
Series of processing oils (ExxonMobil Chemical Company, Houston, TX), such as
PARAPOLT™ 450, 700, 950, 1300, 2400 and 2500; ORONITE™ (ChevronTexaco,
New Orleans, LA); DAELIM POLYBUTENE™ (Daelim Industrial Co., Ltd.,
Korea); INDOPOL™ (Innovene USA LLC, Lisle, IL); TPC PIB (Texas
Petrochemicals, Houston, TX). The commercially available PARAPOL™ Series
of polybutene processing oils are synthetic liquid polybutenes, each individual
formulation having a certain molecular weight, all formulations of which can be
used in the composition of the invention. The molecular weights of the
PARAPOL™ oils are from 420 Mn (PARAPOL™ 450) to 2700 Mn
(PARAPOL™ 2500) as determined by gel permeation chromatography. The
MWD of the PARAPOL™ oils range from 1.8 to 3 in one embodiment, and from

2 10 2.8 in another embodiment,

061271  The table below shows some of the properties of the PARAPOL™ oils
useful in embodiments of the present invention, wherein the viscosity was
determined as per ASTM D445, and the molecular weight by gel permeation
chromatography.



3.03 2.97 ts2, mnutes 4.97 4.90 5.75 t50, mnutes 4.59 3.86 4. 34
190, m nutves 2d/03667. 97 12.40 Viscosity 1+4 (100C) 57.6 BOTASI05/d45978
Scorch @135C, 5 PT, mnutes 17.43 12.97 17.49 Hardness, Shore A
49.70 49.30 52.70 Aged Hardness, Shore A41

Properties of individual PARAPOL™ Processing Aids

L Grade " |} .Mng .| Viscosity @ 100°C; 68t
450 420 10.6
700 700 78
050 950 230
1300 1300 630
2400 2350 3200
2500 2700 4400

[60128] Other properties of PARAPOL™ processing oils are as follows: the
density (g/mL) of PARAPOL™ processing oils varies from about 0.85
(PARAPOL™ 450) to 0.91 (PARAPOL™ 2500). The bromine number (CG/G)
for PARAPOL™ oils ranges from 40 for the 450 Mn processing oil, to 8 for the
2700 Mn processing oil.

[00129) The elastomeric composition of the invention may include one or more
types of polybutene as a mixture, blended either prior to addition to the elastomer,
or with the elastomer. The amount and identity (e.g., viscosity, Mn, etc.) of the
polybutene processing oil mixture can be varied in this manner. Thus,
PARAPOL™ 450 can be used when low viscosity is desired in the composition of
the invention, while PARAPOL™ 2500 can be used when a higher viscosity is
desired, or compositions thereof to achieve some other viscosity or molecular
weight. In this manner, the physical properties of the composition can be
controlled. More particularly, the phrases "polybutene processing oil", or
"polybutene processing oil" include a single oil or a composition of two or more
oils used to obtain any viscosity or molecular weight (or other property) desired,

as specified in the ranges disclosed herein.

(00130}  The polybutene processing oil or oils are present in the elastomeric
composition of the invention from 1 to 60 phr in one embodiment, and from 2 to
40 phr in another embodiment, from 4 to 35 phr in another embodiment, and from
5 to 30 phr in yet another embodiment, and from 2 to 10 phr in yet another
embodiment, and from 5 to 25 phr in yet another embodiment, and from 2 to 20

phr in yet another embodiment, wherein a desirable range of polybutene may be
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any upper phr limit combined with any lower phr limit described herein.
Preferably, the polybutene processing oil does not contain aromatic groups or

ungaturation.

[00131]  The polyolefin compositions of the present invention include a non-
functionalized plastizer ("NFP"). The NFP of the present invention is a compound
comprising carbon and hydrogen, and does not include to an appreciable extent
functional groups selected from hydroxide, aryls and substituted aryls, halogens,
alkoxys, carboxylates, esters, carbon unsaturatiomn, acrylates, oxygen, nitrogen,
( and carboxyl. By "appreciable extent", it is meant that these groups and
compounds comprising these groups are not deliberately added to the NFP, and if
present at all, are present to less than 5 wi% by weight of the NFP in one
embodiment, and less than 1 wit% in another embodiment, and less than 0.5 wt%
in yet another embodiment.
N :
[00132] In one embodiment, the NFP consists of Cg to Cpoo paraffing, and Cs to
Ciop paraffins in another embodiment. In another embodiment, the NFP consists
essentially of Cg to Capo paraffins, and consists essentially of Cg to Cygo paraffins
in another embodiment. For purposes of the present invention and description
herein, the term "paraffin" includes all isomers such as n-paraffins, branched
(‘ paraffins, isoparaffins, and may include cyclic aliphatic species, and blends
thereof, and may be derived synthetically by means known in the art, or from
refined crude oil in such a way as to meet the requirements described for desirable
NFPs described herein. Tt will be realized that the classes of materials described
herein that are usefia] as a NFPs can be utilized alone or admixed with other NFPs

described herein in order to obtain the desired properties.

(00133  The NFP may be present in the polyolefin compositions of the
invention from 0.1 to 60 wi% in one embodiment, and from 0.5 to 40 wt% in
another embodiment, and from 1 to 20 wi% in yet another embodiment, and from
2 to 10 wi% in yet another embodiment, wherein a desirable range may comprise

any upper wt% limit with any lower wt% limit described herein.
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[00134] The NFP may also be described by any number of, or any combination
of, parameters described herein. In one embodiment, the NFP of the present
invention has a pour point of from less than 0°C in one embodiment, and less than
-5°C in another embodiment, and less than ~-10°C in another embodiment, less than
-20°C in yet another embodiment, less than -40°C in yet another embodiment, less
than -50°C in yet another embodiment, and less than -60°C in yet another
embodiment, and greater than -120°C in yet another embodiment, and greater than
-200°C in yet another embodiment, wherein a desirable range may include any
upper pour point limit with any lower pour point limit described herein. In one
embodiment, the NFP is a paraffin or other compound having a pour point of less
than -30°C, and between -30°C and -90°C in another embodiment, in the viscosity
range of from 0.5 to 200 ¢St at 40°C (ASTM D445). Most mineral oils, which
typically include aromatic mojeties and other functional groups, have a pour point

of from 10°C to -20°C at the same viscosity range.

[00135) The NFP may have a dielectric constant at 20°C of less than 3.0 in one
embodiment, and less than 2.8 in another embodiment, less than 2.5 in another
embodiment, and less than 2.3 in yet another embodiment, and less than 2.1 in yet
another embodiment. Polyethylene and polypropylene each have a dielectric
constant (1 kHz, 23°C) of at least 2.3 (CRC HANDBOOK OF CHEMISTRY AND
Prysics (Lide, ed. 82% ed. CRC Press 2001).

[00136] The NFP has a viscosity (ASTM D445) of from 0.1 to 3000 ¢St at
100°C, and from 0.5 to 1000 ¢St at 100°C in another embodiment, and from 1 to
250 ¢St at 100°C in another embodiment, and from 1 to 200 ¢St at 100°C in yetl
another embodiment, and from 10 to 500 ¢St at 100°C in yet another embodiment,
wherein a desirable range may comprise any upper viscosity limit with any lower

viscosity limit described herein.

[00137)  The NFP has a specific gravity (ASTM D4052, 15.6/15.6°C) of less

than 0.920 g/cm’® in one embodiment, and less than 0.910 g/cm® in another
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embodiment, and from 0.650 to 0.900 g/cm3 in another embodiment, and from
0.700 to 0.860 g/cm3, and from 0.750 to 0.855 g/om’ in another embodiment, and
from 0.790 to 0.850 g/em® in apother embodiment, and from 0.800 to 0.840 g/em’
in yet another embodiment, wherein a desirable range may comprise any upper
specific gravity limit with any lower specific gravity limit described herein. The
NFP has a boiling point of from 100°C to 800°C in one embodiment, and from
200°C to 600°C in another embodiment, and from 250 °C to 500°C in yet another
embodiment. Further, the NFP has a weight average molecular weight (GPC or
GC) of less than 20,000 g/mol in one embodiment, and less than 10,000 g/mol in
(»- yet another embodiment, and less than 5,000 g/mol in yet another embodiment,
and less than 4,000 g/mol in yet another embodiment, and less than 2,000 g/mol in
yet another embodiment, and less than 500 g/mol in yet another embodiment, and
greater than 100 g/mol in yet another embodiment, wherein a desirable molecular
weight range can be any combination of any upper molecular weight limit with

any lower molecular weight limit described herein.

[00138] A compound suitable as an NFP for polyolefins of the present
invention may be selected from commercially available compounds such as so
called "isoparaffins”, "polyalphaolefins” (PAOs) and "polybutenes” (a subgroup
of PAOs). These three classes of compounds can be described as paraffins which
can include branched, cyclic, and normal structures, and blends thereof. These
NFPs can be described as comprising Cg to Caoo paraffins in one embodiment, and

Cs to Cqp paraffins in another embodiment.
Isoparaffins

[00139]  The so called "isoparaffins" are described as follows. These paraffins
are desirably isoparaffins, meaning that the paraffin chains possess Cy to Cyo alkyl
branching along at least a portion of each paraffin chain. The Cgto Cagp paraffins
may comprise Cs to Cps isoparaffins in one embodiment, and Cg to Cy

isoparaffins in another embodiment.
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al ong with ot her rubber conpoundi ng ingr%ll ents (see Table 2) by

m xing by mxing in a Krupp internal mxer in a two-step process
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trol Control 5| .7 Expt 6 BIIR 2222 100
Eggmljlogt Icgp E OW%%T‘E%E r&gmcggnggar‘g@ atoms? and preferably W%erem the total number of

carbon atoms per molecule is in the range between 6 to 50, and between 10 and 24
in another embodiment, and from 10 to 15 in yet another embodiment. Various
isomers of each carbon number will typically be present. The isoparaffing may
also include cycloparaffins with branched side chains, generally as a minor
component of the isoparaffin. The density (ASTM D4052, 15.6/15.6°C) of these
isoparaffins ranges from 0.70 to 0.83 g/em®; a pour point of below -40°C in one
embodiment, and below -50°C in another embodiment; a viscosity (ASTM 445,
25°C) of from 0.5 to 20 ¢St at 25°C; and average molecular weights in the range
of 100 to 300 g/mol. The isoparaffins are commercially available under the trade
name ISOPAR (ExxonMobil Chemical Company, Houston TX), and are
described in, for example, U.S. Patent No. 6,197,285, U.S. Patent No. 3,318,105
and U.S. Patent No. 3,439,088, and sold commercially as ISOPAR™ series of

isoparaffins.

ISOPAR Series Isoparaffins

E Namaa N ggil;ci . Avg S];)ecﬁ'icE ; NVJSC%%? @ i 5 aturates and *«
. L : . = . . ":I( .
FL o L) Q) Gtawty (g/cm i (©SH i fkromaticsgg}?t%)‘, |
ISOPARE 117-136 -63 0.72 0.85 <0.01
ISOPAR G 161-176 -57 0.75 1.46 <0.01
ISOPAR H 178-188 -63 0.76 1.8 <0.01
ISOPAR K 179-196 -60 0.76 1.85 <(0.01
ISCPAR L 188-207 ~57 0.77 1.99 <0.01
ISOPAR M 223-254 -37 0.79 3.8 <0.01
ISCPAR YV 272-311 -63 0.82 14.8 <0.01

[00141) In another embodiment, the isoparaffins are a mixture of branched and
normal paraffins having from 6 to 50 carbon atoms, and from 10 to 24 carbon
atoms in another embodiment, in the molecule. The isoparaffin composition has
an a branch paraffin:n-paraffin ratio ranging from 0.5:1 to 9:1 in one embodiment,
and from 1:1 to 4:1 in another embodiment. The isoparaffins of the mixture in
this embodiment contain greater than 50 wt% (by total weight of the isoparaffin

()

()
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composition) mono-methyl species, for example, 2-methyl, 3-methyl, 4-methyl, 5-
methyl or the like, with minimum formation of branches with substituent groups
of carbon number greater than 1, such as, for example, ethyl, propyl, butjrl or the
like, based on the total weight of isoparaffins in the mixture. In one embodiment,
the isoparaffins of the mixture contain greater than 70 wi% of the mono-methyl
species, based on the total weight of the isoparaffins in the mixture. The
isoparaffinic mixture boils within a range of from 100°C to 350°C in one
embodiment, and within a range of from 110°C to 320°C in another embodiment.
In preparing the different grades, the paraffinic mixture is generally fractionated

(' into cuts having narrow boiling ranges, for example, 35°C boiling ranges. These
branch paraffin/n-paraffin blends are described in, for example, U.S. Patent No.
5,906,727.

[00142] Other suitable isoparaffins are also commercial available under the
trade names SHELLSOL™ (Royal Dutch/Shell Group of Companies),
SOLTROL™ (Chevron Phillips Chemical Co. LP) and SASOL™ (by Sasol
Limited, Johannesburg, South Africa). Commercial examples are SHELLSOL TM
(boiling point = 215-260°C), SOLTROL 220 (boiling point = 233-280°C), and
SASOL LPA-210 and SASOL-47 (boiling point = 238-274°C).

& Polyalphaolefins

[00143] The paraffing suitable as the NFP of the invention also include so
called polyalphaolefins (PAOs), which are described as follows. The PAQs useful
in the present invention comprise Cg to Cagp paraffins, and Cig to Cigp n-paraffing
in another embodiment. The PAOs are dimers, trimers, tetramers, pentamers, etc.
of C4 to Cy2 c-olefins in one embodiment, and Cs to Cyz a~-olefins in another
embodiment. Suitable olefins include 1-butene, 1-pentene, 1-hexene, 1-heptene,
1-octene, 1-nonene, 1-decene, I-undodecene and 1-dodecene. In one embodiment,
the olefin is 1-decene, and the NFP is a mixture of dimers, trimers, tetramers and
pentamers (and higher) of 1-decene. The PAQs are described more particularly in,
for example, U.S. Patent No. 5,171,908, and U.S. Patent No. 5,783,531 and in
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reduced MOCON Air Perneability obtained when using a PIE NFP
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(Control 4) in the tire innerliner formulation. Expt 6 has a higher
Mooney scorch _val ue conpared to that of the naphthenic processing oil
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whi ch can all or easl er processing In eamtire

manuf acturing steps. Other cure and cured physical properties are

mai nt ai ned, Table 6. _ 7Q TABLE 6. Properties of Bronobutyl Rubber
Innerliner Tell4hr mfibaHAfAs of e PESHHaRYSPPBRALSH awelghbe‘éﬁrﬁ&edmlﬂsular

E2cot 6 MDR @681 9 HodEI08%E 20,000 in one embodiment, and from 200 to 10,000 in
another embodiment, and from 200 to 7,000 in yet another embodiment, and from
200 to 2,000 in yet another embodiment, and from 200 to 500 in yet another
embodiment. Generally, PAOs have viscosities in the range of 0.1 to 150 ¢St at
100°C, and from 0.1 to 3000 ¢St at 100°C in another embodiment (ASTM D445).
The PAOs useful in the present invention have pour points of less than 0°C in one
embodiment, less than ~10°C in another embodiment, and less than -20°C in yet
another embodiment, and less than —40°C. in yet another embodiment. Desirable
PAOs are commercially available as SHF and SuperSyn PAOs (ExxonMobil
Chemical Company, Houston, TX).

SHF and SuperSyn Series Polyalphaolefihs

L P0Gy | Viscosity @ 100, ast | VT | poirpeic oGl
SHF-20 0.798 1.68 - -63
SHF-21 0.800 1.70 - -57
SHF-23 0.802 1.80 - -54
SHF-41 0.818 4.00 123 -57

SHF-61/63 0.826 5.80 133 -57
SHF-82/83 0.833 7.90 135 -54
SHF-101 0.835 10.0 136 -54
SHF-403 0.850 40.0 152 -39
SHF-1003 0.855 107 179 -33
SuperSyn 2150 0.850 150 214 42
SuperSyn 2300 0.852 300 235 -30
SuperSyn 21000 0.856 1,000 305 -18
SuperSyn 23000 0.857 3,000 388 -9

[00145]  Other processing aids include esters, polyethers, and polyalkylene
glycols.

[00146] Other processing aids may be present or used in the manufacture of the
elastomeric compositions of the invention. Processing aids include, but are not

limited to, plasticizers, tackifiers, extenders, chemical conditioners, homogenizing

)
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agents and peptizers such as mercaptans, petroleum and vulcanized vegetable oils,
mineral oils, paraffinic oils, polybutene aids, naphthenic oils, aromatic oils, waxes,

resing, rosins, and the like.

[00147] Certain mineral oils, distinguished by their viscosity indices and the
amount of saturates and sulfur they contain, have been classified as Hydrocarbon
Basestock Group I, I or IIl by the American Petroleumn Institute (APT). Group I
basestocks are solvent refined mineral oils. They contain the most unsaturates and

sulfur and have the lowest viscosity indices.

[00148] Groups II and III are the High Viscosity Index and Very High
Viscosity Index mineral oils. They are hydroprocessed mineral oils. The Group
1T oils contain less unsaturates and sulfur than the Group I oils and have higher
viscosity indices than the Group II oils do. Rudnick and Shubkin in Synthetic
Lubricants and High-Performance Functional Fluids, Second edition, Rudnick,
Shubkin, eds., Marcel Dekker, Inc. New York, 1999, describe the mineral oils as
typically being:

[00149] Group I - mineral oils refined using solvent extraction of aromatics,
solvent dewaxing, hydrofining to reduce sulfur content to produce mineral oils
with sulfur levels greater than 0.03 wi%, saturates levels of 60 to 80 % and a

viscosity index of about 90;

[00150] Group II - mildly hydrocracked mineral oils with conventional solvent
exfraction of aromatics, solvent dewaxing, and more severe hydrofining to reduce
sulfur levels to less than or equal to 0.03 wi% as well as removing double bonds
from some of the olefinic and aromatic compounds, saturate levels are greater

than 95-98% and VI is about 80-120; and

[06151] Group III - severely hydrotreated mineral oils with saturates levels of
some oils virtually 100%, sulfur contents are less than or equal to 0.03 wt%
(preferably between 0.001 and 0.01%) and VI is in excess of 120.
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[00152]  The processing aid is typically present or used in the manufacturing
process from 1 to 70 phr in one embodiment, from 3 to 60 phr in another

embodiment, and from 5 to 50 phr in yet another embodiment.

[00153] In one embodiment of the invention, paraffinic, naphthenic and/or
aromatic oils are substantially absent, meaning, they have not been deliberately
added to the compositions, or, in the alternative, if present, are only present up to

0.2 wt¥% of the compositions used to make the air barriers.
Fillers

[00154] The elastomeric composition may have one or more filler components
such as, for example, calcium carbonate, silica, clay and other silicates which may

or may not be exfoliated, mica, talc, titanium dioxide, and carbon black.

[00155] The fillers of the present invention may be any size and typically range,
for example, from about 0.0001 pm to about 100 um. As used herein, silica is meant
to refer to any type or particle size silica or another silicic acid derivative, or silicic
acid, processed by solution, pyrogenic or the like methods and having a surface area,
including untreated, precipitated silica, crystalline silica, colloidal silica, aluminum

or calcium silicates, fumed silica, and the like.

[00156] In one embodiment, the filler is carbon black or modified carbon black,
and combinations of any of these. In another embodiment, the filler is a blend of
carbon black and silica. The preferred filler for such articles as tire ireads and
sidewalls is reinforcing grade carbon black present at a level of from 10 to 100 phr
of the blend, more preferably from 30 to 80 phr in another embodiment, and from
50 to 80 phr in yet another embodiment. Useful grades of carbon black, as
described in RUBBER TECHNOLOGY, p 59-85, range from N110 to N990. More
desirably, embodiments of the carbon black useful in, for example, tire treads are
N229, N351, N339, N220, N234 and N110 provided in ASTM (D3037, D1510,



11.2 11.0 Air Permeability cc- rnrrl(er day
53. 3 58. 5“&%19@7’%,\‘ 10Hz, 2% Strain G, MPa 2.80 3. gg‘tfygé’f"%““”s
MPa. 0.48 0.63 0.60 G, MPa 2.84 3.07 2.87

50

and D3765). Embodiments of the carbon black useful in, for example, sidewalls
in tires, are N330, N351, N550, N650, N660, and N762. Carbon blacks suitable
for innerliners and other air barriers include N550, N660, N650, N762, N990 and
Regal 85.

001577  The layered filler may comprise a layered clay, optionally, treated or
pre-treated with a modifying agent such as organic molecules. The elastomeric
compositions may incorporate a clay, optionally, treated or pre-treated with a

modifying agent, to form a nanocomposite or nanocomposite composition.

[00158)  Nanocomposites may include at least one elastomer as described above
and at least one modified layered filler. The modified layered filler may be
produced by the process comprising contacting at least one layered filler such as

at least one layered clay with at least one modifying agent.

[00159] The modified layered filler may be produced by methods and using
equipment well within the skill in the art. For example, see U.S. Patent No.
4,569,923, U.S. Patent No. 5,663,111, U.S. Patent No. 6,036,765, and U.S. Patent
No. 6,787,592. Tlustrations of such methods are demonstrated in the Example

section. However, by no means is this meant to be an exhaustive listing.

{00160] In an embodiment, the layered filler such as a layered clay may

comprise at least one silicate.

[00161] In certain embodiments, the silicate may comprise at least one
"gmectite" or "smectite-type clay" referring to the general class of clay minerals
with expanding crystal lattices. For example, this may include the dioctahedral
smectites which consist of montmorillonite, beidellite, and nontronite, and the
trioctahedral smectites, which includes saponite, hectorite, and sauconite. Also
encompassed are smectite-clays prepared synthetically, e.g., by hydrothermal
processes as disclosed in U.S. Patent No. 3,252,757, U.S. Patent No. 3,586,468,
U.S. Patent No. 3,666,407, U.S. Patent No. 3,671,190, U.S. Patent No. 3,844,978,
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Cal sol 810 [00162] In yet other embodiments, the at least one silicate may Comprise

natural or synthetic phyllosilicates, such as montmorillonite, nontronite, beidellite,
bentonite, volkonskoite, laponite, hectorite, saponite, sauconite, magadite,
kenyaite, stevensite and the like, as well as vermiculite, halloysite, aluminate
oxides, hydrotalcite, and the like. Combinations of any of the previous

embodiments are also contemplated.

[00163] The layered filler such as the layered clays described above may be
modified such as intercalated or exfoliated by treatment with at least one
modifying agent or swelling agent or exfoliating agent or additive capable of
undergoing ion exchange reactions with the cations present at the interlayer

surfaces of the layered filler.

[00164] Modifying agents are also known as swelling or exfoliating agents.
Generally, they are additives capable of undergoing ion exchange reactions with
the cations present at the interlayer surfaces of the layered filler. Suitable
exfoliating additives include cationic surfactants such as ammoniwm, alkylamines
or alkylammonium (primary, secondary, tertiary and quaternary), phosphonium or ( )
sulfonium derivatives of aliphatic, aromatic or arylaliphatic amines, phosphines

and sulfides,

[00165]  For example, amine compounds (or the corresponding ammonium ion)
are those with the structure RZR®R*N, wherein R% R, and R* are C; to Cap alkyls
or alkenes in one embodiment, C; to Cyp alkyls or alkenes in another embodiment,
which may be the same or different. In one embodiment, the exfoliating agent is a
so-called long chain tertiary amine, wherein at least R* is a Cy4 to Cyp alkyl or

alkene.
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[00166] In other embodiments, a class of exfoliating additives include those
which can be covalently bonded to the interlayer surfaces. These include
polysilanes of the structure -Si(Rs)zR6 where R is the same or different at each
occurrence and is selected from alkyl, alkoxy or oxysilane and RS is an organic

radical compatible with the matrix polymer of the composite.

{00167]  Other suitable exfoliating additives include protonated amino acids and

salts thereof containing 2-30 carbon atoms such as 12-aminododecanoic acid,

epsilon-caprolactam and like materials. Suitable swelling agents and processes

( for intercalating layered silicates are disclosed in U.S. Patent No. 4,472,538, U.S.
) Patent No. 4,810,734, and U.S. Patent No. 4,889,885 as well as WO 92/02582.

[00168] In an embodiment, the exfoliating additive or additives are capable of
reacting with the halogen sites of the halogenated elastomer to form complexes
which help exfoliate the clay. In certain embodiments, the additives include all
primary, secondary and tertiary amines and phosphines; alkyl and aryl sulfides
and thiols; and their polyfunctional versions. Desirable additives include: long-
chain tertiary amines such as N,N-dimethyl-octadecylamine, N,N-dioctadecyl-
methylamine, so called dihydrogenated tallowalkyl-methylamine and the like, and
amine-terminated  polytetrahydrofuran; long-chain thiol and thiosulfate
( compounds like hexamethylene sodium thiosulfate.

[00169] In yet other embodiments, modifying agents include at least one
polymer chain comprising a carbon chain length of from Cys to Cseo, wherein the
polymer chain also comprises an ammonium-functionalized group described by

the following group pendant to the polymer chain E:

E

|

N+__._. R.?.
*

R

Rl
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ammeonium such as Br', Cl” or PFy".

[00170]  The modifying agent such as described herein is present in the
composition in an amount to achieve optimal air retention as measured by the
permeability testing described herein. For example, but not limited to, the ()
additive may be employed from 0.1 to 40 phr in one embodiment, and from 0.2 to
20 phr in another embodiment, and from 0.3 to 10 phr in yet another embodiment.

{00171}  The exfoliating additive may be added to the composition at any stage;
for example, the additive may be added to the elastomer, followed by addition of
the layered filler, or may be added to a combination of at least one elastomer and
at least one layered filler; or the additive may be first blended with the layered

filler, followed by addition of the elastomer in yet another embodiment.

f00172]1  Examples of some commercial products are Cloisites produced by
Southern Clay Products, Inc. in Gunsalas, TX. For example, Cloisite Na*, Cloisite C)
30B, Cloisite 10A, Cloisite 254, Cloisite 93A, Cloisite 20A, Cloisite 154, and
Cloisite 6A. They are also available as SOMASIF and LUCENTITE clays
produced by CO-OP Chemical Co., LTD. In Tokyo, Japan. For example,
SOMASIF™ MAE, SOMASIF™ MEE, SOMASIF™ MPE, SOMASIF™ MTE,
SOMASIF™ ME-100, LUCENTITE™ SPN, and LUCENTITE(SWN).

00173}  The amount of clay or exfoliated clay incorporated in the
nanocomposites in accordance with an embodiment of the invention is sufficient
to develop an improvement in the mechanical properties or barrier properties of
the nanocomposite, for example, tensile strength or oxygen permeability.

Amounts generally will range from 0.5 to 10 wt% in one embodiment, and from 1
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to 5 wit% in another embodiment, based on the polymer content of the
nanocomposite. Expressed in parts per hundred rubber, the clay or exfoliated clay
may be present from 1 to 30 phr in one embodiment, and from 5 to 20 phr in

another embodiment.
Crosslinking Agents, Curatives, Cure Packages, and Curing Processes

[00174] In certain embodiments, the elastomeric compositions and the articles
made from those compositions may comprise or be manufactured with the aid of at
least one cure package, at least one curative, at least one crosslinking agent, and/or
undergo a process to cure the elastomeric composition. As used herein, at least one
curative package refers to any material or method capable of imparting cured
properties to a rubber as commonly understood in the industry, At least one curative

package may include any and at least one of the following.

[00175] One or more crosslinking agents are preferably used in the elastomeric
compositions of the present invention, especially when silica is the primary filler,
or is present in combination with another filler. Crosslinking and curing agents
melude sulfur, zinc oxide, and fatty acids. More preferably, the coupling agent
may be a bifunctional organosilane crosslinking agent. An "organosilane
crosslinking agent" is any silane coupled filler and/or crosslinking activator and/or
silane reinforcing agent known to those skilled in the art including, but not limited
to, vinyl triethoxysilane, vinyl-tris-(beta-methoxyethoxy)silane,
methacryloylpropyltrimethoxysilane, gamma-amino-propyl triethoxysilane (sold
commercially as Al100 by Witco), gamma-mercaptopropyltrimethoxysilane
(A189 by Witco) and the like, and mixtures thereof. In one embodiment, bis-(3-
triethoxysilypropyl)tetrasulfide (sold commercially as Si69 by Degussa) is
employed.

[00176) Peroxide cure systems or resin cure systems may also be used.

[00177] Heat or radiation-induced crosslinking of polymers may be used.
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[00178] Generally, polymer blends, for éxample, those used to produce tires, are
crosslinked thereby improve the polymer’s mechanical properties. It is known that
the physical properties, performance characteristics, and durability of vulcanized
rubber compounds are directly related to the number (crosslink density) and type of
crosslinks formed during the vulcanization reaction. (See, e.g., Helt et al., The Post
Vilcanization Stabilization for NR in RUBBER WORLD, p 18-23 (1991)).

[00179] Sulfur is the most common chemical vulcanizing agent for diene-
containing elastomers. It exists as a rhombic 8-member ring or in amorphous
polymeric forms. The sulfur vulcanization system also consists of the accelerator
to activate the sulfur, an activator, and a retarder to help control the rate of
vulcanization. Accelerators serve to contr_ol the onset of and rate of vulcanization,
and the number and type of sulfur crosslinks that are formed. These factors play a

significant role in determining the performance properties of the vulcanizate.

100180} Activators are chemicals that increase the rate of vulcanization by
reacting first with the accelerators to form rubber-soluble complexes which then
react with the sulfur to form sulfurating agents. General classes of accelerators
include amines, diamines, guanidines, thioureas, thiazoles, thiurams, sulfenamides,

sulfenimides, thiocarbamates, xanthates, and the like.

[00181] Retarders may be used to delay the initial onset of cure in order to

allow sufficient time to process the unvulcanized rubber.

[00182] Halogen-containing elastomers such as halogenated star-branched
butyl rubber, brominated butyl rubber, chlorinated butyl rubber, star-branched
brominated butyl (polyisobutylene/isoprene copolymer) rubber, halogenated
poly(isobutylene-co-p-methylstyrene), polychloroprene, and chlorosulfonated
polyethylene may be crosslinked by their reaction with metal oxides. The metal

oxide is thought to react with halogen groups in the polymer to produce an active

)
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intermediate which then reacts further to produce carbon—carbon bonds. Zinc

halide is liberated as a by-product and it serves as an autocatalyst for this reaction.

[00183] Generally, polymer blends may be crosslinked by adding curative
molecules, for example, sulfur, metal oxides, organometallic compounds, radical
initiators, etc., followed by heating. In particular, the following metal oxides are
common curatives that will function in the present invention: ZnO, CaO, MgO,
AlpOs, Cr0s, FeO, Fey0s, and NiO. These metal oxides can be used alone or in
conjunction with the corresponding metal fatty acid complex (e.g., zinc stearate,

calcium stearate, etc.), or with the organic and fatty acids added alone, such as stearic

N

acid, and optionally other curatives such as sulfur or a sulfur compound, an
alkylperoxide compound, diamines or derivatives thereof (e.g., DIAK products sold
by DuPont). (See also, Formulation Design and Curing Characteristics of NBR
Mixes for Seals, RUBBER WORLD, p 25-30 (1993)). This method of curing
elastomers may be accelerated and is often used for the vulcanization of elastomer
blends.

[00184) The acceleration of the cure process is accomplished in the present
invention by adding to the composition an amount of an accelerant, often an organic
compound. The mechanism for accelerated vulcanization of natural rubber involves

Q complex interactions between the curative, accelerator, activators and polymers.
Ideally, all of the available curative is consumed in the formation of effective
crosslinks which join together two polymer chains and enhance the overall strength
of the polymer matrix. Numerous accelerators are known in the art and include, but
are not limited to, the following: stearic acid, diphenyl guanidine (DPG),
tetramethylthiuram  disulfide (TMTD), 4,4'dithiodimorpholine (DTDM),
tetrabutylthiuram disulfide (TBTD), benzothiazyl disulfide (MBTS), hexamethylene-
1,6-bisthiosulfate disodivm salt dihydrate (sold commercially as DURALINK™
HTS by Flexsys), 2-morpholinothio benzothiazole (MBS or MOR); blends of 90%
MOR and 10% MBTS (MOR 90), N-tertiarybutyl-2-benzothiazole sulfenamide
(TBBS), and N-oxydiethylene thiocarbamyl-N-oxydiethylene sulfonamide (OTOS),
zine 2-ethyl hexanoate (ZEH), and "thioureas".
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typically contain other components and additives customarily used in rubber mixes,
such as effective amounts of other nondiscolored and nondiscoloring processing

aids, pigments, antioxidants, and/or antiozonants.
Processing

[00186] Blends of elastomers may be reactor blends and/or melt mixes. Mixing
of the components may be carried out by combining the polymer components,
filler and the clay in the form of an intercalate in any suitable mixing device such
as a two-roll open mill, Brabender™ internal mixer, Banbury™ internal mixer
with tangential rotors, Krupp internal mixer with intermeshing rotors, or
preferably a mixer/extruder, by techniques known in the art. Mixing is performed
at temperatures in the range from up to the melting point of the elastomer and/or
secondary rubber used in the composition in one embodiment, from 40°C up to
250°C in another embodiment, and from 100°C to 200°C in yet another
embodiment, under conditions of shear sufficient to allow the clay intercalate to
exfoliate and become uniformly dispersed within the polymer to form the

nanocomposite.

[00187] Typically, from 70% to 100% of the elastomer or elastomers is first
mixed for 20 to 90 seconds, or until the temperature reaches from 40°C to 75°C. -
Then, 3/4 of the filler, and the remaining amount of elastomer, if any, are typically
added to the mixer, and miking continues until the temperature reaches from 90°C
to 150°C. Next, the remaining filler is added, as well as the processing aid, and
mixing continues until the temperature reaches from 140°C to 190°C. The
masterbatch mixture is then finished by sheeting on an open mill and allowed to

cool, for example, to from 60°C to 100°C when the curatives are added.
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[00188]  Mixing with the clays is performed by techniques known to those
skilled in the art, wherein the clay is added to the polymer at the same time as the
carbon black in one embodiment. The processing aid is typically added later in
the mixing cycle after the carbon black and clay have achieved adequate

dispersion in the elastomeric matrix.

j00189] The cured compositions of the invention can include various
elastomers and fillers with the processing aid. The compositions of the invention
typically include isobutylene-based elastomers such as halo genated
C poly(isobutylene-co-p-methylstyrene), butyl rubber, or halogenated star-branched
buty! rubber (HSBB) either alone, or some combination with one another, with the

processing aid being pres'ent from 3 to 30 phr in one embodiment.

[00190] In one embodiment, the composition is halogenated butyl rubber
component from 70 to 97 phr that may include a general purpose rubber from 3 to
30 phr, and processing aid present from 3 to 30 phr, a filler such as a carbon black
from 20 to 100 phr, and an exfoliating clay from 0.5 to 20 phr in one embodiment,
and from 2 to 15 phr in another embodiment. The cure agents such as phenolic

resins, sulfur, stearic acid, and zinc oxide, may be present from 0.1 to 10 phr.

[00191]  In another embodiment, the composition may be a halogenated butyl
rubber component from 75 to 97 phr in one embodiment, and from 80 to 97 phr in
another embodiment, and processing aid present from 3 to 30 phr, a filler such as
a carbon black from 20 to 100 phr, and an exfoliating clay from 0.5 to 20 phr in
‘one embodiment, and from 2 to 15 phr in another embodiment. The cure agents
such as phenolic resins, sulfur, stearic acid, and zinc oxide, may be present from

0.1 to 10 phr.

(00192] In yet another embodiment, the composition may be a halogenated
butyl rubber component from 85 to 97 phr in one embodiment, and from 90 to 97
phr in another embodiment, and processing aid present from 3 to 30 phr, a filler

such as a carbon black from 20 to 100 phr, and an exfoliating clay from 0.5 to 20
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[00193] The isobutylene-based elastomer useful in the invention can be
blended with various other rubbers or plastics as disclosed herein, in particular
thermoplastic resins such as nylons or polyolefins such as polypropylene or
copolymers of polypropylene. These compositions are useful in air barriers such
as bladders, envelopes, tire innertubes, tire innerliners, air sleeves (such as in air
shocks), diaphragms, as well as other applications where high air or oxygen ()
retention is desirable. In one embodiment, the cured composition when formed
into an article has a MOCON oxygen transmission at 60°C of about 40.0 cc-
mn/m*-day-mmHg, alternatively, about 45.0 cc-mm/m?>-day-mmHg, alternatively,
about 50.0 cc-mm/m?~day-mmHg, or alternatively, about 75.0 cc-mm/m?day-

mmHg in another embodiment.

[00194] In one embodiment, an air barrier can be made by the method of
combining at least one random copolymer comprising a C4 to C7 isomonoolefin
derived unit, at least one filler, and functionalized polymeric processing aid
having a number average molecular weight greater than 400, and at least one cure

agent; and curing the combined components as described above. ( )

[00195] In certain embodiments, the elastomeric compositions may optionaily
comprise:

a) at least one filler, for example, calcium carbonate, clay, mica, silica,
silicates, tale, titanium dioxide, starch, wood flower, carbon black,
or mixtures thereof;

b) at least one clay, for example, montmorillonite, nontronite,
beidellite, volkonskoite, laponite, hectorite, saponite, sauconite,
magadite, kenyaite, stevensite, vermiculife, halloysite, aluminate
oxides, hj./drotalcite, or mixtures thereof, optionally, treated with

modifying agents;
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c) at least one processing oil, for example, aromatic o0il, naphthenic
oil, paraffinic oil, or mixtures thereof;

d) at least one processing aid, for example, plastomer, polybutene,
polyalphaolefin oils, or mixtures thereof;

€) at least one cure package or curative or wherein the elastomeric
composition has undergone at least one process to produce a cured
composition;

) any combination of a-e.

(" [00196] The elastomeric compositions as described above may be used in the
manufacture of air membranes such as innerliners and innertubes used in the
production of tires. Methods and equipment used to manufacture the innerliners
and tires are well known in the art. (See, e.g., U.S. Patent No. 6,834,695, U.S.
Patent No. 6,832,637, U.S. Patent No. 6,830,722, U.S. Patent No. 6,822,027, U.S.
Patent No. 6,814,116, U.S. Patent No. 6,805,176, U.S. Patent No. 6,802,922, U.S.
Patent No. 6,802,351, U.S. Patent No. 6,799,618, U.S. Patent No. 6,796,348, U.S.
Patent No. 6,796,347, U.S. Patent No. 6,617,383, U.S. Patent No. 6,564,625, and
U.S. Patent No. 6,538,066). The invention is not limited to any particular method

of manufacture for articles such as innerliners or tires.
( INDUSTRIAL APPLICABILITY

[00197] The elastomeric compositions of the invention may be extruded,
compression molded, blow molded, injection molded, and laminated into various
shaped articles including fibers, films, laminates, layers, industrial parts such as

automotive parts, appliance housings, consumer products, packaging, and the like.

[00198] In particular, the elastomeric compositions are useful in articles for a
variety of tire applications such as truck tires, bus tires, automobile tires,
motorcycle tires, off-road tires, aircraft tires, and the like. The elastomeric
compositions may either be fabricated into a finished article or a component of a

finished article such as an innerliner for a tire. The article may be selected from
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air barriers, air membranes, films, layers (microlayers and/or multilayers),

innerliners, innertubes, sidewalls, treads, bladders, envelopes, and the like.

[00199]  In another application, the elastomeric compositions may be employed
in air cushions, pneumatic springs, air bellows, hoses, accumulator bags, and belts

such as conveyor belts or automotive belts.

[00200]  They are useful in molded rubber parts and find wide applications in

automobile suspension bumpers, auto exhaust hangers, and body mounts.

f00201]  Additionally, the elastomeric compositions may also be used as
adhesives, caulks, sealants, and glazing compounds. They are also useful as
plasticizers in rubber formulations; as components to compositions that are
manufactured into stretch~wrap films; as dispersants for lubricants; and in potting

and electrical cable filling materials.

[00202]  In yet other applications, the elastomer(s) or elastomeric compositions
of the invention are also useful in chewing-gum, as well as in medical applications
such as pharmaceutical stoppers and closures, coatings for medical devices, and

the arts for paint rollers.

[00203]  All priority documents, patents, publications, and patent applications,
test procedures (such as ASTM methods), and other documents cited herein are
fully incorporated by reference to the extent such disclosure is not inconsistent
with this invention and for all jurisdictions in which such incorporation is

permitted.

[00204] When numerical lower limits and numerical upper limits are listed

herein, ranges from any lower limit to any upper limit are contemplated.

[00205] While the illusirative embodiments of the invention have been

described with particularity, it wiil be understood that various other modifications

()

)



61.7 58.5 Stress/ Strain 100% Modul us, MPa 122 1.34 1.48
.1.32 300% “ﬁﬁf’ﬁg’ozﬁvpa 3.52 3.96 4.20 3.18 Tensile strendtHUSHBAGYH,
10.29 10.73 9.51 Elongation at break, % 928 925

62

will be apparent to and can be readily made by those skilled in the art without
departing from the spirit and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present
invention, éncludmg all features which would be treated as equivalents thereof by

those skilled in the art to which the invention pertains.
EXAMPLES

Physical Test Methods

[00206] Test methods are summarized in Table 1.

[00207] Cure properties were measured using a MDR 2000 and 0.5 degree arc
or ODR 2000 and 3 degree arc at the indicated temperature. Test specimens were
cured at the indicated temperature, typically from 150°C to 160°C, for a time
corresponding to t90 + appropriate mold lag. The values "MH" and "ML" used
here and throughout the description refer to "maximum torque" and "minimum
torque”, respectively. The "MS" value is the Mooney scorch value, the -
( ) "ML(1+4)" value is the Mooney viscosity value. The error (20) in the later
measurement is & 0.65 Mooney viscosity units. The values of "t" are cure times in

minutes, and "ts" is scorch time" in minutes.

[00208] When possible, standard ASTM tests were used to determine the cured
compound physical properties (see Table 1). Stress/strain properties (tensile strength,
elongation at break, modulus values, energy to break) were measured at room
temperature using an Instron 4202 or an Instron Series IX Automated Materials
Testing System 6.03.08. Tensile measurements were done at ambient temperature
on specimens (dog-bone shaped) width of 0.25 inches (0.62 cm) and a length of 1.0
inches (2.5 cm) length (between two tabs) were used. The thickness of the

specimens varied and was measured manually by Mitutoyo Digimatic Indicator
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connected to the system computer. The specimens were pulled at a crosshead speed
of 20 inches/min. (51 cm/min.) and the stress/strain data was recorded. The average
stress/strain value of at least three specimens is reported. The error (20) in Tensile
strength measurements is & 0.47 MPa units. The error (20) in measuring 100%
Modulus is % 0.11 MPa units; the error (20) in measuring Elongation at break is +
13 % units. Shore A hardness was measured at room temperature by using a Zwick

Duromatic.

[00209] Oxygen permeability was measured using a MOCON OxTran Model
2/61 operating under the principle of dynamic measurement of oxygen transport
through a thin film as published by Pasternak et al. in 8 JOURNAL OF POLYMER
SCIENCE: PART A-2, P 467 (1970). The units of measure are co-mm/m’-day-
mmHg. Generally, the method 'is as follows: flat film or rubber samples are
clamped into diffusion cells which are purged of residual oxygen using an oxygen
free carrier gas. The carrier gas is routed to a sensor until a stable zero value is
established. Pure oxygen or air is then introduced into the outside of the chamber
of the diffusion cells. The oxygen diffusing through the film to the inside

chamber is conveyed fo a sensor which measures the oxygen diffusion rate.

[00210] Permeability was tested by the following method. Thin, vulcanized
test specimens from the sample compositions were mounted in diffusion cells and
conditioned in an oil bath at 65°C. The time required for air to permeate through a
given specimen is recorded to determine its air permeability. Test specimens were
circular plates with 12.7-cm diameter and 0.38-mm thickness. The error (20) in

measuring air permeability is £ 0.245 (x1 0% units.

[00211] In one embodiment, the composition has a MOCON at 60°C of less
than 56.0 x 10 cc-mm/m*-day-mmHg. -

{00212] In another embodiment, the composition has a MOCON at 60°C of less
than 50.0 x 10° cc-mm/m*-day-mmHg.

)

)
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[00213]  In yet another embodiment, the composition has a MOCON at 60°C of
less than 45.0 x 108 cc-mrn/mz-day-mmHg.

[00214] The composition can be used to make any number of articles. In one

embodiment, the article is selected from tire curing bladders, tire curing envelopes,

tire innerliners, tire innertubes, and air sleeves.

Other useful goods that can be

made using compositions of the invention include hoses, seals, molded goods,

cable housing, and other articles disclosed in THE VANDERBILT RUBBER
HANDBOOK, P 637-772 (Ohm, ed., R.T. Vanderbilt Company, Inc. 1990).

TABLE 1. Test Methods
'. ,' ;f R L Parameter ;f & i Test ” :
Mooney Vlscosxty (polymer) ML 148, 125°C, MU ASTM D1646
Mooney Viscosity (composition) ML 144, 100°C, MU ASTM D1646
Green Strength (100% Modulus) P8I ASTM D412
MOCON (@ 60°C) cc-mm/m*-day-mmHg See text
Alr Permeability (@ 65°C) (cm3~cmfcm2£sec~atm) See text
x10
Brittleness °C ASTM D746
Mooney Scorch Time T35, 125°C, minutes ASTM D1646
Oscillating Disk Rheometer (ODR) @ 160°
C, & 3%arc
Moving Die Rheometer (MDR) @160° C, & ASTM D2084
0.5%arc
ML deciNewton.meter
ME dNewton.m
ts2 minutes
50 minutes
190 minutes
Physical Properties, press cured Tc 90+2 min
@ 160°C
Hardness Shore A ASTM D2240
Modulus 20%, 100%, 300% MPa ASTM D412 die C
Tensile Strength MPa
Elongation at Break %
Energy 1o Break N/mm (J)
Hot Air Aging, 72 hrs, @ 125°C ASTM D573
Hardness Shore A
Modulus 20%, 100%, 300% MPa
Tensile Strength MPa
Elongation at Break %
Energy to Break N/mm (T
DeMattia Fiex mm @ kilocycles ASTM D813
meodified
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Test Fornulptions. :,.E onpouffy (13@ %’G?ﬁocfl 4 PPy
isoprene), Mooney
Viscosity (118, 125°C) of
from 27-37 MU
Bromobutyl-6222 Brominated butyl rubber ExxonMobil Chemical
with styrene block Company (Houston, TX)
copolymer
EXXPRO™ Q1-5 10 wt% PMS, 0.85 mol% ExxonMobil Chemical
BrPMS, Mooney viscosity Company (Houston, T3
of 455 MU (148, 125°C)
N660 Carbon black Sid Richardson Carbon
Company (Fort Worth, TX)
CLOISITE™20A Dimethylditallowammoni | Southern Clay Products
um chloride modified (Gonzalez, TX)
montmorillonite clay
CALSOQOL™ 810 Naphthenic Oil R.E. Carroll, Inc
ASTM Type 103 (Trenton, NJ)
| VIVATEC 500 TDAE (Treated Distillated | Hansen & Rosenthal Group
Aromatic Extract) oil (Hamburg, Germany)
PARAPOL™ C4 raffinate ExxonMobil Chemical
Company (Houston, TX)
TPC 5130 Polyisobutylene Texas Petrochemicals
(Houston, TX)
PIBSA Polyisobutylene succinic | Infineum International
anhydride Ltd. (Linden, NJ)
Rosin Oil MR-1085 A Tackifier, including Sovereign Chemical
unsaturated cyclic {Akron, OH)
carboxylic acids
SP-1068 Alkyl phenol Schenectady Int.
formaldehyde resin (Schenectady, NY)
STRUKTOL™ 40 MS Composition of aliphatic- | Struktol Co. of America
aromatic-naphthenic (Stow, OH)
resing
KADOX™ 911 High Purity French Zinc Corp. of America
Process Zinc Oxide (Monaca, PA)
KADOX™ 930 High Purity French Zinc Corp. of America
Process Zinc Oxide (Monaca, PA}
MBTS 2-Mercaptobenzothiazole | R.T. Vanderbilt (Norwalk,
disulfide CT) or Elastochem
(Chardon, OFH)
MAGLITE-K™ Magnesium Oxide C.P. Hall Co. (Stow, OLH)
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Testing of Functionalized Polymer

[00215] The functionalized polymer polyisobutylene succinic anhydride
(PIBSA, Expt 3) was incorporated into a bromobutyl rubber tire innerliner
formulation along with other rubber compounding ingredients (see Table 2) by
mixing in a two-step process in a Krupp internal mixer equipped with
intermeshing rotors. A 1200-gram batch size was used for each mixing stage. The
first stage was mixed at a continuous rotor speed of 60 rpm by adding all of the
polymers and mixing for 30 seconds. 75% of the carbon black was then added and
the mixture was continued to be mixed another 30 seconds. The non-black fillers
(clay, ete.) and the processing aids (processing oil, NFP, functional polybutene of
the present invention) were added and the mixture was continued to be mixed for
another 30 seconds. The remaining carbon black and the resins (Strukiol 40MS,
SP-1068) were added and the mixture continued to be mixed until a total of 240
seconds elapsed or a mixer temperature of 300°F was reached, whichever occurred
first, The second stage was mixed (1200-gram batch) in the Krupp internal mixer
equipped with intermeshing rotors at a rotor speed of 45 rpm. Maximum cooling
was used to regulate the temperature of the internal mixer. The step one
masterbatch stock and all cure antidegredants (stearic acid, zinc oxide, sulfur,
accelerator) were added and the mixture was continued to be mixed until a total of
150 seconds elapsed or a mixer temperature of 220°F was reached, whichever
occurred first. An open two-roll mill was used to sheet out the stocks after each
Krupp mixing step. Compounds with a naphthenic processing oil, Control 1, and
the NFP polyisobutylene processing aid, Comtrol 2, were similarly prepared as

comparative examples. Formulations are shown in Table 3.
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Carbon Black, N660 60 60 60
SP-1068 4 4 4
Struktol 40MS8 7 7
Processing Qil, Calsol 310
Polybutene, Parapol 950 3
Functionalized Polybutene, PIBSA C-9220 8
Stearic acid 1 1 1
Zinc Oxide, Kadox 911 1 1 1
Sulfir 0.5 0.5 0.5
MBTS 1.25 1.25 1.25

Kadox 911 1 1 1
_ [002241Resul t s ofctrwssosntors
property testing indicate that use of PLBSA (Expt 16)
Perneabj | ity obtai ned when using a
he tire innerliner

[00216] Results of cure and cured physical property testing indicate that use of
the functionalized polymer PIBSA (Expt 3) maintains the reduced MOCON Air
Permeability obtained when using a PIB NFP processing aid (Control 2) in place

_ of the naphthenic processing oil (Control 1) in the tire innerliner formulation. Expt
3 has a higher Mooney scorch value compared to that of the PIB NEFP (Control 2)
and 2 higher ts2 cure time valué compared to that of the naphthenic processing oil
(Control 1) and PIB NFP (Control 2), which can allow.for easier processing in
downstream tire manufacturing steps. Expt 3 has a lower DeMattia crack growth
value compared to that of the naphthenic processing oil (Control 1) or the PIB
NFP (Control 2), see Table 4. Other cure and cured physical properties are

maintained.

()
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TABLE 4. Properties of Bromobutyl Rubber Innerliner Test Formulations.

u Properﬁes N h ‘ e Confrol-l Control 2} Expté
MDR @160C, 0.5 arc
mh-ml 3.61 3.03 2.97
152, minutes 4.97 4,90 5.75
£50, minutes 4.59 3.86 4.34
190, minutes 10.32 7.97 12.40
Viscosity 144 (100°C) 57.6 60.1 57.7
Scorch @ 135C, 5 PT, minutes 17.43 12.97 17.49
Hardness, Shore A 49.70 49.30 52.70
Aped Hardness, Shore A 63.90 59.90 64.30
Stress / Strain
20% Modulus, MPa 0.47 0.48 0.51
100% Modulus, MPa 1.81 1.75 1.48
300% Modulus, MPa 2.93 2.84 2.31
Tensile, MPa 9.57 9.63 3.23
Elongation, % 868 876 847
Energy to break, N/mm 12.48 12.33 9.77
Aged Stress / Strain (72 hrs@125C)
20% Modulus, MPa 0.80 0.60 0.77
100% Modulus, MPa 1.99 1.51 1.63
300% Modulus, MPa 5.74 4.64 4.65
Tensile, MPa 8.15 7.58 7.31
Elongation, % 570 650 611
Energy to break, N/mm 8.70 9.11 8.07
DeMattia Flex
Crack Growth ®1742 koycles, mm 11.8 5.8 3.1
Aged DeMattia Flex (72 hr @125C)
Crack Growth @1741 kcycles, mm 15.8 9.1 8.8
Adhesion
Tear Resistance, N/mm 13.85 12,24 10.22
MOCON Air Permeability 52.64 45.13 46.88
cormm/{m2-day*mmHg)

The functionalized polymer polyisobutylene succinic anhydride

(PIBSA, Expt 6) was incorporated into a bromobuiyl rubber tire innerliner

formulation along with other rubber compounding ingredients (see Table 2) by

mixing by mixing in a Krupp internal mixer in a two-step process essentially

identical to that of Control Compounds 1 and 2, and Experimental Compound 3.



8.4 16.3 18.0 Mooney Viscosity, nr.,(1+4)gl arc 63.6 69.4 63.0 Money
Scorch @ WB¥®@o70%088. 8 6.1 49. 2 Shore A Hardness 49.5 51p&1/WR2065/045978

Stress/ Strain 100% Mbdul us, MPa 1.51 2.62 1.97 300% Modul us, MPa
4.63 7.62 5.52 6o

Compounds with a naphthenic processing oil, Control 4, and the NFP
polyisobutylene processing aid, Control 5, were similarly prepared as comparative

examples. Formulations are shown in Table 5.

TABLE 5. Bromobutyl Rubber Innerliner Test Formulations.

o] an

Compoimd ™ % ) Control 4, Control §i Bxpt 6
BIIR 2222 100 100 100
Carbon Black, N660 60 60 60
Clay, Cloisite 20A 0 5 5
Processing Qil, Calsol 810 8

PIB, TPC 5230 3

PIBSA 55 3
SP-1068 4 4 4
Struktol 40MS 7 7 7
Stearic acid 1 1 1
Zing Oxide, Kadox 911 i 1 i
Sulfur 0.5 0.5 0.5
MBTS 1.25 1.23 1.25

[00218]
the functionalized polymer PIBSA (Expt 6) maintains the reduced MOCON Air
Permeability obtained when using a PIB NFP processing aid (Control 5) in place

Results of cure and cured physical property testing indicate that use of

of the naphthenic processing oil (Control 4) in the tire innerliner formulation. Expt
6 has a higher Mooney scorch value compal:ed to that of the naphthenic
processing oil (Control 4) and the PIB NFP (Control 5), and a higher ts2 cure time
value compared to that of the naphthenic processing oil (Control 4), which can
allow for easier processing in downstream tire manufacturing steps. Other cure

and cured physical properties are maintained, Table 6.

Pt
N
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TABLE 6. Propemes of Bromobutyi Rubber Innerliner Test Formulations.
. v Property g " | Control 4| Contral 5.| Expt 6"
MDR @160, 0.5 deg arc
ml, dN.m 1.3 1.4 1.3
mh, dN.mm 4.7 5.3 4.3
ts2, min. 4.5 6.7 0.9
50, min. 4.0 6.4 5.2
190, min. 10.6 12.3 11.3
‘ Mooney Viscosity, ML{1+4)@100°C 53.1 52.8 50.1
Mooney Scorch @135C, t5 12.7 16.0 18.0
Shore A Hardness 43.3 49.1 47.9
Stress/Sirain
100% Modulus, MPa 0.90 1.18 1.04
300% Modulus, MPa 2.76 3.59 2.82
Tensile strength, MPa 8.6 9.6 8.9
Elongation at break, % 851 776 822
Energy to break, MPa 11.2 11.0 10.5
MOCON Air Permeability
cormm/(m2+day-mmHg) 69.0 53.3 58.5
ARES @60C, 10Hz, 2% Strain
G, MPa 2.80 3.01 2.81
3", MPa 0.48 0.63 0.60
G*, MPa 2.84 3.07 2.87
Tangentdelta | 0.173 0.210 0.212
(002197 The functionalized polymer polyisobutylene succinic anhydride
(PIBSA, Expt 9) was incorporated into a star-branched bromobutyl rubber tire

innerliner formulation along with other rubber compounding ingredients (see
Table 2) by mixing in a Krupp internal mixer in a two-step process essentially
identical to that of Control Compounds 1 and 2, and Experimental Compound 3.
Compounds with a naphthenic processing oil, Control 7, and the NFP
polyisobutylene processing aid, Control 8, were similarly prepared as comparative

examples. Formulations are shown in Table 7.
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TABLE 13. Broni nat ed-i sé’blq%ﬂﬂécempm a- net hvl st yrene Rubber
I nnerliner Test Fornul atimAse si3enpol ind -- . Qontgohq , Controll8
Expt 19 PIBSA 55 8

SP-1068 4 4 4

Struktol 40MS 7 7 7

Stearic acid 1 1 1

Zinc Ozxide, Kadox 911 1 1 1

Sulfur 0.5 0.5 0.5

MBTS 1.25 1.25 1.25

[00220]
PIBSA (Expt 9) maintains the reduced MOCON Air Permeability obtained when
using a PIB NFP processing aid (Control 8) in the tire innerliner formulation

Results of cure and cured physical property testing indicate that use of

compared to the naphthenic processing oil (Control 7). Expt 9 has a higher
Mooney scorch value compared to that of the naphthenic processing oil {Control
7) and the PIB NFP (Control 8), and a higher ts2 cure time value compared to that
of the naphthenic processing oil (Control 7), which can allow for easier processing
in downstream tire manufacturing steps. Other cure and cured physical properties

are maintained, Table 8.
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TABLE 8. Properties of Star-Branched Bromobutyl Rubber Innerliner Test

[00221]

Formulations.
Blopery | Conol? | Canizal & Bept:
MDR @160, 0.5 deg arc
ml, dN.m 1.2 1.3 1.2
mh, dN.m 4.2 52 - 3.8
ts2, min. 6.2 8.1 8.9
50, min, 4.9 7.8 6.3
90, min. 11.0 13.8 1.7
Mooney Viscosity, ML(1+4)@100°C 50.6 49.9 46,9
Mooney Scorch @135C, t5 14.8 18.2 21.5
Shore A Hardness 44.5 50.7 45.5
Stress/Strain
100% Modulus, MPa 0.93 1.33 1.04
300% Modulus, MPa 2.81 4.05 2.91
Tensile strength, MPa 8.2 54 82
Elongation at break, % 824 759 852
Energy to break, MPa 10.2 11.5 10.8
MOCON Air Permeability
cemm/(m2-day-mmig) 70.0 53.5 55.5
ARES @60C, 10Hz, 2% Sirain
G MPa| 238 3.03 2.86
G", MPa | 046 0.57 | 0.60
G*, MPa 2.91 3.09 2.92
Tangentdelta | 0.158 0.188 0.211

The functionalized polymer polyisobutylene succinic anhydride

(PIBSA, Expt 13) was incorporated into a brominated isobutylene-co-para-

methylstyrene rubber tire innerliner formulation along with other rubber

compounding ingredients (see Table 2) by mixing in a Krupp internal mixer in a

two-step process essentially identical to that of Control Compounds 1 and 2, and -

Experimental Compound 3. Compounds with a naphthenic processing oil,

Controls 10 and 11, and the NFP polyisobutylene processing aid, Control 12, were

similarly prepared as comparative examples. Formulations are shown in Table 9.



7 Stearic acid 1 1 1 Zinc Oxide, Kadox 911 1 1 1 Sulfur 0.5 0.5 0.5
MBTS 1. 25wlp 2h7/4870853 [ 0226] Results of cure and cured phypetek2005/045978
property testing indicate that use of PIBSA (Expt 19) affords reduced
MOCON Air Perneability and Aged MOCON Air Perneability val ues
conpared to when using a TDAE processing®oil (Controls 17 and 18) in
the tire innerliner formulation. Expt 19 has a higher ts2 cure tine
val ue conpared to that of the TDAE processing oil (Controls 17 and
18), which can al | ow FABLE&s Begmispisddsnbutydenercodemprsns b pyiang e

manuf acturing steps. Expt 1 14 [ 1o failure val ue
conpared to that of the TDA%%&%%%&E#%SFE?#%%%@P% S 17 and 18).

Quher cure and g ed Rnyalidl PUPRRT Y chifroPft™) GBS Wothir 1APER: Al
Br om nat ed- i sobEyArEDXE%har a- net hyll st Y% nel RUMBer [1nd8} 1| helTelst

Formul ations. - |ciRsOblecfingsd. , H Confrolsol?7 |, 55 55 55
Closite 25A 4 4 4
Carbon Black, N660 15 15 15 15
SP-1068 4 4 4 4
Struktol 40MS 7 7 7
Stearic acid 1 1 1
Processing Oil, Calso] 8§10 8 3
PIB, Parapol 1300 8 C j
Functionalized PIB, PIBSA C9220 3
Zinc Oxide, Kadox 911 3 1 1
Sulfur 0.5 0.5 0.5 0.5
MBTS ‘ 1.25 1.25 1.25 1.25

[00222] Results of cure and cured physical property testing indicate that use of
PIBSA (Expt 13) maintains the reduced MOCON Air Permeability obtained when
using a PIB NFP processing aid (Control 12) in the tire innerliner formulation
compared to the naphthenic processing oil {(Controls 10 and 11). Expt 13 higher
ts2 cure time value compared to that of the naphthenic processing oil (Controls 10
and 11) and the PIB NFP (Control 12). Expt has a lower Mooney viscosity value - )
compared to the PIB NFP (Control 12), which can allow for easier processing in C

downstream tire manufacturing steps. Other cure and cured physical properties are

maintained, Table 10.



Cont r bl 1 Mooney Viscosity M(1+4) @ 100C 70.1 77.0 68.8

G een St V&%ﬁiﬁ%mg%ak | oad (N) 15.32 23.31 17.93 G een F¢ERRAMO4Be
to T75 (min) 5.39 9.35 3.26 Cure, MDR @160C m, dN.m1.57 1.91
1.77 nh, dN.m 6.77 6.62 6.15 ts2, min. 7

Table 10. Properties of Brominated-isobutylene-co-para-methylstyrene
Rubber Innerliner Test Formulations.

L% W Propertyr #0751 Control¥0,}i Control 11 -} Coriteol 12| Bxpt 13
Cure, ODR
ml, dN.m 8.3 9.3 il.3 8.7
mh, dN.m 32.3 417 359 33.5
ts2, min. 4.9 4.7 5.1 11.8
50, min. 8.5 9.8 10.0 16.0
190, min. 12.9 18.1 17.8 20.6
Mooney Viscosity, ML{1+4)@100°C 56.0 54.9 59.3 55.6
Mooney Scorch @135C, TS5 20.5 .63 6.8 -
( ' Hardness, Shore A 54.7 55.3 55.3 58.3
Hardness, Shore A aged 72hr@125C 61.7 58.5 53.9 58.7
Stress/Strain
100% Modulus, MPa 1.22 1.34 1.48 1.32
300% Modulus, MPa 3.52 3.96 4.20 3.18
Tensile strength, MPa 9.02 10.29 10.73 9.51
Elongation at break, % 928 925 902 1006
Energy to break, MPa 13.92 15.63 15.64 15.52
Stress/Strain, aged 72hr@125C
100% Modulus, MPa 2.59 2.60 1.98 2.16
300% Modulus, MPa 6.98 6.89 5.66 5.51
Tensile strength, MPa 10.18 10.60 10.84 10.29
Elongation at break, % 627 6638 763 773
Energy to break, MPa 11.56 13.50 14.16 14.24
C MOCON Air Permeability _
ceemm/(m2rday*mmHg) 47.8 46.3 37.7 35.9
Adhesion to NR
Tear Resistance, N/mm 1.75 6.45 5.76 7.25
Adhesion to SBR
Tear Resistance, N/mm 0.59 1.56 1.52 0.70

[00223) The functionalized polymer polyisobutylene succinic anhydride
(PIBSA, Expt 16) was incorporated into a brominated isobutylene-co-para-
methylstyrene rubber tire innerliner formulation along with other rubber
compounding ingredients (see Table 2) by mixing in a Krupp internal mixer in a
two-step process essentially identical to that of Control Compounds 1 and 2, and

Experimental Compound 3. Compounds with a naphthenic processing oil, Control



4,53 7.29 13.28 t50, mn. 5.04 8.00 13.67 t90, mn. 8.39 14.25 21.36

Har dness, wihomeodosst 56 58 Aged Hardness, Shore A (72 hri@ii25803/043878
58 61 Stress/Strain 100% Modul us, MPa 1.93 2.06 2. 30

75

14, and the NFP polyisobutylene processing aid, Control 15, were similarly

prepared as comparative examples. Formulations are shown in Table 11.

TABLE 11. Brominated-isobutylene-co-para-methylstyrene

Rubber Interliner Test Formulations.

¥ »:Gompound ' ’ftidhtrol 14 Contml'ls Exptlé
Exxpro MDX 01-5 100 100 100
Carbon Black, N660 60 60 60
Clay, Cloisite 20A 0o 5 5
Processing Qil, Calsol 810

PIB, TPC 5230 8

PIBSA 55 ] 8
SP-1068 4 4 4
Struktol 40MS 7 7 7
Stearic acid 1 1 1
Zine Oxide, Kadox 511 1 1 1
Sulfur 0.5 0.5 0.5
MBTS 1.25 1.25 1.25

[00224] Results of cure and cured physical property testing indicate that use of
PIBSA (Expt 16) maintains the reduced MOCON Air Permeability obtained when
using a PIB NFP processing aid (Control 15) in the tire innerliner formulation
compared to the naphthenic processing oil (Control 14). Expt 16 higher 152 cure
time value compared to that of the naphthenic processing oil (Control 14) and the
PIB NFP (Control 15), which can allow for easier processing in downstream tire
manufacturing steps. Other cure and cured physical properties are maintained,
Table 12.

)

()
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Ng07,0M3530- 87 6.46 6.39 Tensile strength,
+11. 89 HE ongatlgon at break, % 780.7 799.0 858.7 Energy toﬂ%r/ég&gﬁ\?é%s
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Table 12. Properties of Brominated-isobutylene-co-para-methylstyrene

Rubber Innerliner Test Formulations.

5P1ff)perty S ) , T, ) Control 14 ‘:‘Ebntra-f'zlgﬂ Exptvis
MDR @160, 0.5 deg arc
ml, dN.m 1.7 2.1 1.9
mh, dN.m 6.4 6.5 5.9
ts2, min. 5.0 3.8 12.7
t50, min. 5.4 9.2 12.7
t90, min. 84 16.3 18.0
Mooney Viscosity, ML{1+4)}@100°C 63.6 69.4 63.0
Mooney Scorch @135C, 15 13.8 6.1 49.2
Shore A Hardness 49.5 51.5 52.7
Stress/Strain
100% Modulus, MPa 1.51 2.62 1.97
300% Modulus, MPa 4.63 7.62 5.52
Tensile strength, MPa 9.7 12.0 10.4
Elongation at break, % 317 386 769
Energy to break, MPa 13.9 12.8 14.6
MOCON Air Permeability
cermm/(m2+day mmHg) 56.2 42.0 42,7
ARES @60C, 10Hz, 2% Strain
', MPa 2.77 2.87 3.33
G", MPa 0.37 0.38 0.54
G*, MPa 2.79 2.89 3.38
Tangent delia 0.134 0.131 0.161

[00225] The functionalized polymer polyisobutylene succinic anhydride
(PIBSA, Expt 19) was incorporated into a brominated isobutylene-co-para-
methylstyrene rubber tire innerliner formulation along with other rubber
compounding ingredients (see Table 2) by mixing in tangential mixers using a
classical 2-stage mixing cycle. The first mixing step used a GK 400 mixer {(about
450 lb batch size) and lasted 4 minutes. Carbon black, TDAE oil, SP-1068
tackifier resin and stearic acid were automatically weighed to appropriate batch
amounts and directly injected into the mixer at the appropriate time and/or
temperature. The second stage was mixed in GK 160 internal mixer (about 150 Ib

batch size). Compounds with a TDAE processing oil (Controls 17 and 18) were



9.30 Tensile strength, MPa 11.66 13.26 12.51 El ongation at break, %
534. 2 600w 2003 020Ener gy to break, MPa 13.17 16. 44 15. 4A3rERUBHUE045078
Failure (kc to failure) 357860 293901 733870 Adhesion to NR Carcass
Tear Resistance @ 100C 4.42 1.44 0.92 l\/t;/g:lon Air Permeability

similarly prepared as comparative examples for Experimental 19. Formulations

are shown in Table 13.

TABLE 13. Brominated-isobutylene-co-para-methylstyrene Rubber Innerliner

Test Formulations.

. Compoind 2| Cofitrol 17 |, Control i8 | Expt 19
Exxpro MDX 01-5 100 100 100
Carbon Black, N660 60 60 60
Clay, Cloisite 20A 0 5 5
Processing Qil, TDAE 8 8
PIBSA 8
SP-1068 4 4 4
Strulciol 40MS 7 7 7
Stearic acid 1 1 1
Zinc Oxide, Kadox 911 1 1 1
Sulfur 0.5 0.5 0.5
MBTS 1.25 1.25 1.25

[00226] Results of cure and cured physical property testing indicate that use of
PIBSA (Expt 19) affords reduced MOCON Air Permeability and Aged MOCON
Air Permeability values compared to when using a TDAE processing oil (Controls
17 and 18) in the tire innérlmer formulation. Expt 19 has a higher ts2 cure time
value compared to that of the TDAE processing oil (Controls 17 and 18), which
can allow for easier processing in downstream tire manufacturing steps. Expt 19
has a higher Fatigue to failure value compared to that of the TDAE processing oil
(Controls 17 and 18). Other cure and cured physical properties are maintained,
Table 14.

()
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-ccnml (m2sday 8.0 16.1 14.1 79 CLAIMS 1.A process RI/PFBWHSENn
el astoneric conposition, the process conprising contacting at | east
one el astoner, which conprises a hal ogengt ed random copol yner of 5

I sobutyl ene and net hyl styrene, with a processing aid, wherein the
processing aid conprises at |east one functionalized pol yner

conpri sing C4- Cl@abie 99! Bbbsrtids bfB?&nﬂ&ﬂe&%sobﬁ%}’éﬂ%ﬁboaﬁaré-%?éﬁylﬁl?f‘ene
anhydri de group, and wherein the processing aid does not conftaln
aromati c groups or unsat ur atfubber IdedinghEespFormdatiaas. cl ai m 1, wherein
the at | east one anhydride group is derived fromthe group consisting
of mal ei ¢ anhydride, itaconic anhydride, citraconic anhydride,

Phereol 5. The. prisassoorcrsiber o0 o0 Ol ERRE WDBllell o e
group is derived [[Memsey HpeatieiMLATD@HIOIGle. |4, TThe pr oBks jof688ny of
cl ﬁi m é - ]g, w?ger SirBentshenghtl pdaBRSd (NONE ?npy drige gf ogps@onhrog/ir.s@s an
20 mow o, 20 5. Tre-asseh Mg AP TR AICN A T Al T ein
the functionali zegﬂfﬁgb@mlq‘?gﬁ nolecular veight (M) of flrom 450 to
5, 000. ml, dN.m 1.57 1.91 1.77
mh, dN.m 6.77 6.62 6.15
- 152, min. 4.53 7.29 13.28
( t50, min. 5.04 8.00 13.67
t90, min. 8.39 14.25 21.36
Hardness, Shore A 54 56 58
Aged Hardness, Shore A (72 hr@125°C) 58 58 61
Stress/Strain
100% Modulus, MPa 1.93 2.06 2.30
2300% Modulus, MPa 5.87 6.46 6.39
Tensile strength, MPa 11.21 13.14 11.89
Elongation at break, % 780.7 799.0 858.7
Energy to break, MPa 18.2 20.7 204
Aged Stress/Strain (72 he@125°C )
100% Modulus, MPa 2.96 3.19 3.54
300% Modulus, MPa 8.49 8.91 9.30
- Tensile strength, MPa 11.66 13.26 12.51
kv Elongation at break, % 534.2 600.7 573.2
Energy to break, MPa 13.17 16.44 1543
Fatigue to Failure (ke to failure) 357860 253901 | 733870
Adhesion to NR Carcass
Tear Resistance @100°C 442 1.44 0.92
Mocon Air Permeability
co'mm/{m2-day*mmHg) 20.5 19.0 16.9
Aged Mocon Air Permeability
cermmy/(m2+day*mmHg) 18.0 16.1 14.1




6. An el astomeric conposition produced by the process of any of the

precedi ng cl
wherein the
t he processi
wherein the
t he processi
conposition
wherein the

ainms. 25 7.The el astoneric conposition of claim§6,

el astoneric conposition is made with 30 phr or |ess of
ng aid. 8. The elastomeric conposition of claimbé,

el astoneric conposition is made with 20 phr or |ess of
ng aid. 30 9. An article %roduced fromthe el astoneric
of any of clains 6-8. 80 0. The article of claim?9,
article has a MOCON (as herein defined) of 56.0

cc-nm n2-day-mmHg or less. 5 11.The article of any of clains 9 - 10,
wherein the article has a Mbooney scOL@diM$ val ue at 135C of 12.5

m nutes or higher as neasured by ASTM D-1646. 12. The article of any

of claims 9- 11, wherein the article is selected fromthe

group consisting of innerliners, bladders, air nenbranes, innertubcs,

air barriears, MOpobdts to bavécSan( EhksdrRY@bfostieh,Qhe Prokéds|caMBriSihg contacting
treads, and sidewal | s.

5
10 2,
3.
15
4,
20 5.
6.
25 7.
8.
30
9.

at least one elastomer, which comprises a halogenated random copolymer of
isobutylene and methylstyrene, with a processing aid, wherein the processing aid
comprises at least one functionalized polymer comprising Cs4-Cjo isoolefin derived
units, having at least one anhydride group, and wherein the processing aid does not

contain aromatic groups or unsaturation,
The process of claim 1, wherein the at least one anhydride group is derived from the
group consisting of maleic anhydride, itaconic anhydride, citraconic anhydride,

propenyl succinic anhydride, 2-pentenedioic anhydrides, and mixtures thereof,

The process of claim 1, wherein the at least one anhydride group is derived from

maleic anhydride,

The process of any of claims 1 - 3, wherein the at least one anhydride group comprises

an anhydride functionality in the range of from about 0.5 mol% to about 2.0 mol%.

The process of any of the preceding claims, wherein the functionalized polymer has
molecular weight (Mn) of from 450 to 5,000.

An elastomeric composition produced by the process of any of the preceding claims.

The elastomeric composition of claim 6, wherein the elastomeric composition is made

with 30 phr or less of the processing aid.

The clastomeric composition of claim 6, wherein the elastomeric composition is made

with 20 phr or less of the processing aid.

An article produced from the elastomeric composition of any of claims 6-8.
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10.

1.

12.

80

The article of claim 9, wherein the article has a MOCON (as herein defined) of 56.0
co-mm/m>-day-mmHg or less.

The article of any of claims 9 - 10, wherein the article has a Mooney
scorch t5 value at 135°C of 12,5 minutes or higher as measured by ASTM D-1646.

The article of any of claims 9 - 11, wherein the article is selected from the
group consisting of innerliners, bladders, air membranes, innertubes, air barriers,

films, layers (microlayers and/or multilayers), treads, and sidewalls.



