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COVPOSI TI ON USEFUL TO FORM ARTI CLES E. G, | NNERLI NERS FOR TI RES

I NVOLVES CONTACTI NG ELASTOVER W TH A PRdCESSING Al D THAT COWPRI SES
FUNCTI ONALI ZED POLYMER HAVI NG AT LEAST ONE ANHYDRI DE GROUP FI ELD OF

i the prodlBroRsor OB BERRBINE A ErasToRele RiTRRPRIiAS Fnt™fs
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BACKGROUND [ OOBEPBIINVeVES CONRAGSING ElneSiIO AR S APROCESSIARIAID

tire conpone I f icatin ch..i

exanpl ot hel BaNeCPT OIS S ol SR LAED R BRI R et St BB
of tires and tire conponents depengsvpRrongetdeob@l ance of properties
desired and the end use such as bias or radial, and its intended end
use (e.g., aircraft, truck/bus, or autonobile). 100031An equally

i nportant c i i I el ection of ingredients can be the
ability to 3??#@ﬁ@ﬁ#h@ﬁgb@§gigmghe i ndi vi dual conponents into batch
rubber m xes, and then the further downstream processing of those
uncured rubber m xes. For exanple dry solids, particularly dust-free
particles |i#081}f || &he invaafiopaciatesi oy PrRCeSSHIENiEY der Al lhdg%rﬁé@d‘l@ﬁpm Yals
wei ghed i nt Q1 dsind q}f'é 1t?orﬁg.unir§§ Q{gu At g, 191(/8%&?1'[ }e(l) E% aids
m xers such as Banbury mxars.” Bil'k Sl ids suc

may require 1ﬁ¢lﬁd1h@9fﬂ1ﬁﬁ@n£ﬁ&ﬂ | polyimerse fomnageabl tﬁespﬂﬂacm tdfafelastomeric
requi red anmounts for batch production are exactly added. Liquids have
the sanme pr GBM@RELBRS-conveyi ng, wei ghing, but al so may have the added
concerns due to their volatility and ability to fl ow w thout

spi |l age. For exanple, a viscous liquid may require heating in order
to pronote rEHUKGROWUNDwW rates for accurate wei ghing and adding to
the batch internal m xer w thout the generation of volatile gas

enm ssions. 2 [0004] Moreover, the further downstream processing of
these uncur gghesubbet, M @se MRsRG, Rladia¥uf@PITdeRE ROkt BEnSRRAl! héve
factory equi pnment used. Thus, properties of the uncured rubber m xes
such as Mooresgless shoises ywizand faﬂtbma@gfg swoh citerys| uBer @aambl@ |th@<ﬁeteamn of
vari abl es and ers t o _mana h 00

ranu act ur | AEBRERE B dye CaREr ot rry AGr R 8P Pl Bl (P Bwongys depends
equi pnment Sblfp%ﬁ(ﬂh@ﬂélaﬁdé O prbpti SULRiré® aiDite ol ldss sudhOds! his 6 @8ial, and its
cal endars, and extruderscan differ significantly in production

vol umes and iptgndest enddise fe-Bpaireseitigokdnsarrautonabilehr oughout factori es
t hroughout the world. Thus, a requirenent for an ingredient for these
mxes is its ability to contribute to the ease of processing of the

uncur ed rubhensm xedn dqualpaihp@tdnaconsideeatichainrthe atlect@pnt dfahgiediehisasan dfe
the tire reljed upon for air inperneability, such as _the tire

i nner | i ner, thaAbl t%@féfc@nﬂwéooswhﬁéadwdﬁﬁlr?W%*anéw@daé&%@bber mixes,
| ncludi ngt AWhEe SR Fgrgbg%gm% rodi [l ces D BE ifos0 MurRLAR ABBLSmills.  For

vari ous enb |nents ers enerally, copolyners of

i sobut yl ene exaghples dpr saiels, pmtllcmlnadylQushﬁbmgpenﬂ;teed;kdwﬁua’SMestm eaily air-
application due eir ability to inpart desirable ai

et moabi | Iy pied g erisetsplly Halshen GO ths BGiGF AcEey batch production
(hal ogenat edp biHeda) HHRBS ShcPhE BRSSP WREGS Bulle BAidsutRas baled éjolymers
air-retention in tire innerliners for passenger, truck/bus,

ai rcraft apphaceghoesuttiSaentofsorallexmoerd mandgeshle Pacesn th&breqsl,r@dz@m@& for

U. S. Patent 91,196, EP O 127 99

Fubber -+ ohl dRBBR RSB Scs Ao o LR TF ahe Btk Rirdlene o nveyine
hal ogenat ed \bagmhg Tt h@OSmAY RaldeS@R taa&édeaﬁmaa§ ade @ astromRdsity Bad a6ty to
be fornul ated for these specific appl i cations. DOCPROT" el astoners

( ExxonMobi | fGivemiidiaht spoligesnyFor lesasplena viExyus lgmrkmal rgquitsdieaden i erder to

promote required flow rates for accurate weighing and adding to the batch internal

mixer without the generation of volatile gas emissions.



4 00091However, even nore inprovenents are needed to provide nore
options and flexibility to the bal ance of properties that

manuf acturers nust consi der when naki ng deci si ons on how el astoners
shoul d be processed in light of the desired properties of the
specific en e artj r it i} irahle t
further red ggﬁthe %ggﬁgéﬁiﬁ?f@gggnpﬁgn%#%ﬁl ﬁ%%%ﬁ@ ggﬁ%ﬁ%éﬁ “%?‘gb“ﬂ
tire or to mhixes aiay BRighBr de@hdtittupoafthe Rpecdic fARIRT @NENERIROAE NThus,
and/ or reduce the processing restrictions of the uncured rubber

m xes. The prersstes qfibenngused ubber mixgs syhas Mernepyisspaty adygonmsyescorch

opti ons L1, Yals GABE dubl BHON S, URE ol 06 SoRDR A e Lo
100101The i neantfacowringy efficidasy, fparticatadlyesimesubleer progsde eqdphemnesubsequent
S h e ! I
ol a5t omer . i BRVEBInS8S T inahBye Ao P GERIAEpOFYeRtfctocan differ
isobutylene:ﬁ%gﬁ VS th & RBion M p LN i-d, i
processi ng al c%%%?iggéﬂgt Iggg?&gggsf%ﬁﬁﬁﬁg%a fﬁég %%%%%g%thﬂgmnﬂm
conpri si ng QHrougigad fidowdsghiongbartithedodai Thps, rarequigeraént lfermt ingredient for
R LA W T
invention algged’ oigiafeul R wakh b RStiRY Bt AR 8E i afS il @Fbﬁ%r air
produced fromthe aforenenti oned el astoneric conpositions. DETAILED
DESCRI PTI ON impemiEbilipEnTh an the 612 jnveringu snapdeinfres fewbegphehs syyriad of
Rei udi g prEPSAFEY BHBSAEEn P AISREGar B Ao st Ot dy various
herei n for puRAsestOf under standi ng the cl ainmed invention. [0013]1n
reference to Periodic Table "G oups”, the new nunbering schene for
the Periodic Table Goups is used as found in HAWLEY' S CONDENSED
CHEM CAL Di RY 8 3t 19 . c ion js:
vol une perc H@gyﬁ tﬁgg%aE%P% ryg%ﬁg@ﬁhﬁ%%§%T§§%r@2?%ﬁ%é@%ﬁ %8#yﬁé&%nq
based on thextiohdlly uglbgerated] hthe vdlidasprend dpPlddbioRoduentr theiyabiiety us eichplact
refer to honnpol¥ners, copol ynmers, interpalyners, terpolyners

Li kewi se, a 4esi8Ig ABMpaIMGablidy prepestissdry Hisr tingonsalp Ryt o dhalbe s

mononers, OpfkA nﬁilbiaéﬁ? Wik O &9%‘%”8{?% AROLE 1ER 3Pty ﬂﬁferﬂrﬁrs for
referred to as conprising a nonmer, the nononmer Is present 1n the
pol ymer in tpassepedry nmeck/bes d@ndr arapdit tapplicatomire Seqrfor rxérhgledel$. vizdtentaNo.

comr i 81 g Thah e CRctiisy Mo g 98y E& PRl aand B2 850 s Brpragbusy

shorthand. Lk SBlor¥RT ¢RSREY Shnd YFRRABN @sdi-Brafesary had g]@§ated butyl
conprising neutral stable forns of the conponents, it i's wel

under st ood byblme agkispbeipllenerbased elastomenyahatt ¢va oo froadasedniaf thedeespecific

ol yrer o, [ cERHaeRers aPRDE RS (D Sl BRT Kk RieGipea. Houston,
pol ymers congXgt esieriy, h hhlogeiSdM RASER EBHIIPEIONT "IbiBI&H aindt Bata-

is capable of recovering fromlarge defornations, and can be, or
al ready is, mefayisivesne: bave dsqbeen of phitieHarn mtgrest glaig dodha nyproveaenippeer

(but can s ] il olvent..., " FEl i

be used in?&#@ﬁgﬁgggﬁkghﬁﬁfﬁ'f%g”k%rﬁf?%g%gfgp@%@?&%ﬁﬁ%%?%%%ﬁ?@g'ﬁ&&ﬂ
conposi ti on Nef¥dss,d6d, By, PachpAppli¢ation Pabldatish Np. 2001/ eRIB60IPE2003 170438,
el astonmer as defined above. JOOlQ]A vul cani zed rubber_ conpound by
ASTM D1566 d@fi APt PBW1PeRt slepplying crBeY ianRedckasast i blepds efi gpmmercial
conpounded fﬂgﬁpgﬁﬁﬁ% §&Bﬂ§§wﬁ§%ﬁﬁ§?5$ﬂkﬁsto | arge deformations by a
smal| force capable of rapid, forcefu regbvery to approxinmately its
ori ginal dinensions and shape upon renoval of the deformng force". A
cured el astoneric cgggosithon reéers to any el astoneri.c conposition

that has und®8bne LTdls MygagrschusesHFdsancitipirsesssne the giprsasniened

elastomeric compositions, selection of the processing aid is of



6 [ 0020] A thernopl astic el astonmer by ASTM D1566 definition refers to
a rubber-like material "that repeatedly gan be softened by heating

and hardened by cooling through a tenperature range characteristic of
the polyner, and in the softened state can be shaped into articles".

Ther nopl ast i an ' r A I t
fuo. pol ymor o BB TERIEL TS Ty hP BI3E RROELAoBIE AT Rhgfboc iR
room t enper adlast@merbddr thecian@sinérd biedaush elieyhemt ket tHeapergiertdity of the cured
thernopl asti¢c el astomers jts strength, The other phase iis a soft

rubbery pol yifér theriRilityiofdbe cawpasaiast fhe dract Brewrcuradefire to) adbesectorgne

The hard ph j | G v TR I i ]
t her nopl ast ?“?@3{3 c{%%‘?az a?l_lg.le%ﬁ STI%/F%)@E&% 3@?@%@%&8%@%&2@% e{fg&&%} 6 the
t her mopl ast iwmcetedstibeermines. h By ehetihg dlid yppromase brotkssthy sibbe manpiiasesr
produced by dynam c vul cani zati on”, nami ¢ vul cani zation is "the
process of i#g%@fkt%?qn%m%dg wﬁlca%ﬁeqlw%?%{gtar% Pm&P%ﬁﬁ‘éraﬂgdea’ of the
suitable r eﬂﬁ%ﬂ)é{ﬁesfd{%@éﬂd BRI FABES ﬁd@&ﬁ%ﬁfgﬁeaelés%é}yp#&%fa_ﬁ%e, a lower

el astomer with a chemcally cross-1inked ery phase...".
rubbery phadépongyetisfmmsitponnawed orbbssmix miegdllowdot ypircadaby it predudtivarra®s.

di spersed phase. [0022] Th rm"phr" .is part er hundred rubbher ar
Tbartss andiTEeatIRaLY a eI Moot TP N Fa SLORSoRSR SaF ohthe
conposi ti on \@icBredBaBburafix flt@itian ih@eidOichp Pliesd! Sinfifarlyhn &lASLOIRhe
conponents. The total phr or parts for all rubber conponents, whether

one, two, t HYleeneyoscorabr ef thef insneadt rubbgrbeix swapdlventls uss of kighert ofemating
gi ven reci peterinser%%uwsyognqiﬁgicﬂgdcalsn 00 Qgr ot A& | ot her non-rubber
conmponent s ar e P&t oe agai net “TREA0G " 0& TE°6 rubber and are
expressed in phr. This way one can easily conpare, for exanple, the

levels of curatives or filler loadings, etc., between different ,
conposi ti ond®¥iked &hiherrass apushy|eaneroldy peoespdtdisilagt "quisb fenn dhe reboing

the need to i ry -er..adj ust.i

[ ovel's of ory an gt pb e AR b b Yo R S i E Pl Pl
t o any nononherebiteiasgsttimeheogroomsiag dédlaktemenodsmpdsitiensprSes, o @dmple, U.S.
enbodi nent, the nultiaolefmis agﬁsrmnomer conpri sing two conjugated

doubl e bonds & NNGs 4 0¢4HP u dr 8t Noke-pSlopilenetlowever, ‘use of these
[ 0025] | sobutjyLeRRnRagsAeehia st ﬁ’i@ﬁ:‘ésiﬁg/ t éﬁ%ﬁbiﬁ@fcﬁ{tﬁe 19, LB afthe

pol ymers conprising at” |l east 70 nol % repeat unrts from i sobutyl ene.
[ 0026] Hydr ocandyGnerr eMars reanilpl pdubw@sneoprosesyimensids dbverbbacof @seat interest

hyar acar ban isedns et abliEh B5Ens AeroubaRiRiob hegurseiias o maent
Ver si ons conymild ik B b dasiradisiépeids bh a@ﬁ—%eﬁ?&e?%rle 4381/8Min tire

[0027] Al kyl refers to a paraffinic hydrocarbon group whi may be
derived frormarrfadtiange e O oppirlg, Give Pateniniyp 0, A/HT ByéhS. RatennAppécation

Lo e By Radn e CHBRRY G706, RFO0p A58 s tho ORoZ il Mil12003,

fornms a ri ngwsl nOGL/MRXES7¢had aFeRDS4/009700. ariatd of GRIPAAESHreceiingSids
for exanpl e, benzene, naphthal ene, phenant hrene, anthracene, etc.,

and typi cal |TriseRdes sadigal departuse Goubpest Bedidvelg becanse dhage arqegsping aids are
withinits r 1 ' S deriwved f

aromatic co r%“ric Hb@r og?@%l%ée%%@ﬂgrﬂrﬁ%e%%gh% rcgggtg%ge f%% fr ﬁg} ¥h%ppr%§iﬁ§lg
such as, forprexasipl e, a phenyl group (C6l-10. [0029] Substituted
refers to at | east one hydrogen group being replaced by at |east one
substituent selected from for exanple, hal ogen (chlorine, brom ne,
fluorine, orpiRdi Nehygm nityo X f t I

sul fonat e) , {t‘?ﬂ gl , al ?cyIt{aﬁli(%P{,]ﬁ(gnfffﬁry}aéregxﬁ&gﬁy?@s?nglgﬁ%é(%r and P
branched chal(i3pedi0ng WO02001/es88Tdndiatloss ahiotymem chpestigretilyhding an

et hyl, propyl,..isopropyl, nqrmal hutyl|, isobutyl, secondary butyl,
tertiary but‘i}‘lf?haé‘fc&l?ﬁi’ﬁ%%&be%tap ?Q’ﬁlﬁweﬁg)ilﬁ%%ed chai n al koxy



pentyl oxy, isopentyloxy, hexyloxy, heptyloxy, octyloxy, nonyloxy, and
decyl oxy; hal oal kyl , which means straighgy or branched chain al kyl
having 1 to 20 carbon atons which is substituted by at |east one

hal ogen, and i ncl udes, for exanple, chloronethyl br ononet hyl ,

f I uor onet hyl odo hI roet

L or oot 0T e, 265y SRS, s moge ot

chl or obut yl ,and-fidxitarigotst sk, battinehlo®r 'ﬂ)éJ ﬂlaﬂhﬁfl@fﬁ’@tﬁ&l‘ré @lst consider when
di fl uoronet hyl, diiodonethyl, 2,2-dichloroethyl, 2,2-dibronoethyl,

2, 2-di f | uor Geakiyg degsigns @flclmvore%aﬁ%w shauld by moa@ﬁsgbmmght of thé desired
4, 4- di chl
oo s s SRR i e ABIER Kot g o

trifluoroprapsice the peredbiley bﬁiHeUzﬁf asitbrine @J‘hﬁbouent of a tire or to maintain the
2,2,3 3-tetrafl ugroprapyl. Thu for exanple "substituted styrenic
unit" i ncl ud¥EmeR steta;}’f’@ﬁ’é’ r%e«S‘PWP%ﬁ“}F‘W@ regpce thBH{%‘PFSSFﬂﬂ)‘B@FWUOHS
[ 0030] Pref er I f

ol ude | ol T Sha s e hanspol Trapl G AR Rufis (s hep 163 b Aling
above, an i sotxet ppbeoes baséds elegationimought thepakby nEr prefessisg t @danincluding
el astoner or, a pol r conprisin | east 70 nol % repeat units from
|sobutylenefhﬁﬂg?@ﬁggﬂvﬁﬂ? éﬁﬁmgggéggﬁ%lbed as random copol ymer of a
C4 to C7 isononool efmderived unit, such as isobutylene derived unit,
and at | east one other polynerizable unit. The isobutyl ene-based

copol ymer neUEMMARY ObTHieNEAENGENEt ed. [0031] I n one enbodi nent of
the invention, the elastoner is a butyl-type rubber or branched

butyl -type rubber, especially hal ogenated versions of these

el astomers. biaef Ul FhasivenBiSpravRIcY Rt Prdteddes th Pretide d1aHARRES SItIbsARNS,
honopol ynmers and copol yners o ? ol efins or isoolefins and nulti ol ef ns,
or honopol yriBe regesras| eqnopresing comaeling ahdeast vae elggierserof Wil swoomsises a

sui table for n I scribed.i n RUBBER
s ne oy B OSBRSS o FORRE
VANDERBI LT RuBBiRets ANDROP 0 cebsid® id 20n{fRe ed.leasR ohe Wandenddized [fobymer
Inc. 1990), and Kresge and wan? i n_8 KIRK-OTHVER ENCYCLOPEDI A OF
CHEM CAL TEGIRieng Ch-o8hQ eoslefingasived upjts.dyavanesynlgast joge anhydyideggroup,
1993). Non-| %ﬁﬂg? : t he
nmet hod and cdcl)@p‘%ﬂse?%?on 0 &e{%ﬁgg falrdg('{sbé%ﬁwtlr%éﬁ? IE%%&EQE’FJ ups 4P Ghsdburkdbr
poly(lsobutylene co |soprene) pol yi soprene, pol ybut adi ene,

pol yi sobut yl ene rene c - but adi ene tural .rubper,
star-branchelamﬁht 9(% . SRPRATERS f'egl"teﬁfé% O PRAAe 10 |azdqleeiel as

in the pres ‘%Hﬁerhﬂé&@ Rbrl tREs ﬁ%ﬂu&@ PR e or R en Bt i AR R IBRND B N
the art, and the invention is not herein limted by the nethod of
produ0|ng the el astoner. [0032] El astoneric conpositions may conprise

mxture of naRontraD HRE RPN of SRR RSN P, "0 o ™

i sool ef m nononer conponent such as isobutylene with (2) a
mul tiol efin, nonomer conponent. The isoolefinis in a range from 70
to 99.5 wt %Ewlweu ghtarigps sprsificoembodimeotee versons (aind svpiRs efhtisdinverion

and 85 to 99, 1?1[\'\6\)4) ! d&%ﬁ%gf r1 ‘81'13'8“% g%?%d-r@mlbrgél \t%'[ité}' E}eﬁl Eﬁglltrgjs "R are

i's present in e nononer

enmbodi ment, aalngteﬂmemriﬁrqoar;@sés oftutal erdtad gk e cleireddhvenibn. | n yet
anot her enbodi ment, from8 to 0.5 w% of the nobnomer m xture is

multiolefm [0033] The isoolefinis a C4 to C7 conpound non-limting

exanpl es of h a d i
cramplec o D 2ie UMV G013 A 505 AR cheme o
2-but ene, nmehbyHerivdioyTabet @DUPS’ iscesed, asvfdmyiﬂtimmbws JoADeNSHIE KERBRICAL

and 4-net hyl -1 - pent ene, multiolefmis a C4 to Cl4 nmultiolefin
such as isopréd NA@Ht%%§QeH§h?j§9§7)rret hyl- 1, 3- but adi ene, nyrcene,

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

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



Butyl 4266 (ThoconMbil Chem cal Conpany, Houston, TX), having a
Mooney viscosity (M. 1+8 at 125C, ASTM D; 1646) of from 34 to 44.
Further, cure characteristics of SB Butyl 4266 are as follows: MHis
69 6 dN.m M is 11.5 4.5 dN. m (ASTM D2084) Hal ogenat ed Butyl
Rubber [003 t. e f j .

i s hal ogenat(’égge {%éﬁgﬁ Jo%lﬁy%%%egg ot tlh% 3995 %tél %;I/nélﬁgw Bye%&tltla%ﬁ
hal ogenat i ohobfmérhBaded toyilthe e @blupteosiuhé sldﬁe.crl bed above.

Hal ogenati on can be carried out by any nmeans, and the invention is
not herein limted by the hal ogenati on process. Methods of

hal ogenatin yme h y. ol a in .
pat ont o, 8317 SR THE B, 38 VB ¥ oaealy BHAhERfds, "oBmers,
4,554, 326, lntsrpoPathant teNﬁDiyﬂeﬁBbthZl,lkddn& Pabiymblo mag, ©54, 834, polimTer
Patent No. 4,384,072, U S. Patent No. 4,513,116 and U. S. Patent No.
5,681, 901. IRTBREING A HRIORREDS BRIl P hPsmABBYEnat ed in
hexane diluent at from4 to 60C using bromne (Br2) or chlorine (Cl2)
as the hal ogenati on agent. The hal ogenated butyl rubber has a Money
Vi scosi ty offodisiom 2Wheo a71m)lymbr iE-thea‘ed m&@orhprisdmga emnodieneht moacmler is
from25 to 55 in aqqlthe[%rf t. The an Ww%is fro Od%

10 wt % based FHbI PR&EC eg‘jHE‘ P‘{ KReRZdER Bl?ﬂ’?‘lnmf fhiere f‘&‘ﬁb"e
enbodi ment, @AA the ARdndert O HRWA/EP 1 18r AR Berre@f&eéltﬂegﬂmsb nco»&;t”smg the
anot her errbodl ment, the hal ogen wf% of the hal ogenated butyl rub

is from1l tC(T@p@tWBP/dﬂO(?O@B@]OA svoﬁmlaog@ageemdd rae rehohang. smltea\b$ee When

hal ogenated b rubber of th i_nvent.i on | 2
(Bxxonvoi | Gl SRS e EpRUBER HorsmBiLe Vatsial LG duthes e e
from 27 to bnlp¥herks;8t AtwdRbkderdSIdVby bRe J8A& inmdiatt ) theabslictfhen of the
brom ne content is from1.8 to 2.2 w% relative to the Br onobut yl
2222. Furt helompone ishigdaen Sef serts svidf themonemarsip praipge Rplymgss.

follows: MHis from28 to 40 dNm M is from7 to 18 dN. m (ASTM
D2084). Anot her comrerci al enbodi nent of the hal ogenated butyl rubber
i s Brompbut yb012255 Rikxa@ndieb fo ﬁﬂrq:miljaﬁér dcovpaidyitiohiel $bBmers &nsistdns with
Mooney viscosity is from41 to 51 (M. 1+8 at 125C ASTM D1646), and
the bromi ne 'fb%n"t%ﬂ‘t’[ P56 definitign: g paerigh it 5, FIngkle, olrcavering from large
characteri stjd i

a8 dnem. M 9L I%EIF’n%i H%L’ ﬁzﬁéﬁ FSurRsus 7y Bv%t%%@ﬁ%mﬁgg eéhchifully
Hal ogenat ed iButlyile Ruhhxem s{vél@éhﬁblomrgﬁul\lmt énﬁmmmtls oferel thsttoagbe ofed
the inventian bra dlﬂ% ‘st ar,; branched"” hal ogenated butyl rubber
is used. In 18??& Ytk et fbbEgenat ed st ar - branched but yl

rubber is a conposi t| on of a butyl rubber, either hal ogenated or not,
and a pol ydi ene or bl ock copol yner, either hal ogenated or not. The

hal ogenat i orio@sbces Eldstonreisaoitpesition refetsdd kny porbp@iticdPeatosuisivg at least one
4,074, 035, Ul Pate No 5V071 913, U.S. Patent No. 5,286,804, U. S
Patent No. S 4§94 Sﬁ'&e%bg Patent No. 6,228,978. The invention is
not limted by the nmethod of formng the haI ogenated star branched
butyl rubber. The pol ydi enes/ bl ock copoly or branching agents

(her ei naf t erl0818b] ydﬁeﬁ@§ﬂl)lzedaﬁ’ubb§fy?ﬂn@@um§ hyaeSZiSM BApey delzision yelfernig “a

butyl ¢ ubper SOl U RYINERELL B0 5O A e SRR U feree
rubber to f odemﬁﬁaeohﬁbmeman dekcs b@gablﬂﬁhﬁﬂj‘lﬁﬂfobcwfmlredidwa}wo apﬁi‘tﬁlma’cely its

branching agent or polydi ene can be any suitable branchlng agent, and
the inventi oHigieal imensinny end (hapa apey Femeralpel i defermwadiores” ek sured

the hal ogendt o ary EPaREEt et alﬁfu%%%mf%(‘??%k oy P IR AR o
of the butylcwmghlabcw@sermﬁ&ﬂ chlmﬁgtlses uwbbierprasuddscingd ed «fvotiec anduat of a

copol ynmer of a pol ydi ene artiall hydr ena ed pol ydi ene
sel ect ed fr ofiFAtHE G reBlFPac ‘ﬁ‘@ adeRm 8 nishgpzReaky; Wity the term vulcanized

rubber compound.



at | east one random copol ynmer conprising a C4 to C7 isononool efins,

. such as i%OBU0Y178%é and an al kyl styrene conmpnoner, such P4/US2005/045978
par a- et hyl styrene, containing at |east 80% nore alternatively at

| east 90% by wei ght of the paraisoner and optionally include
functionalized interpolyners wherein at | east one or nore of the

al l cyl substituents groups present in the styrene nononer units
contain benzylic hal ogen or sone other functional group. |In another
enbodi ment, the polynmer may be a random el astomneric copol yner of
ethyl ene or @ofl to Abhermdpdistio eladomer bl KAETMy DEIS66 CAsTIFTE FefasUha
as para-nethyl styrene containing at |east 80% alternatively at |east

90% by wei ghiubbei-lkemstarial " thahiapeaiadly spribs waftesed Hicheseg and hardened by
functionaliz it y i t :

al'kyl  subst | FrvArt BEAR ERERRES el s %risD o Yhe Tfin h1n the
cont ai n benzydftanethattagenanr bs chiepat Hew hitieddst oMdlerrgopiagic Exstophaas yare
materi als may .be characterized as pol yners contai ni ng)nteh fol |l Qqwi ng

monomer uni t BUFGRRASASyPEBIRd SRS Y FthiEass SHP Ry BRI se (s fhej hard
I g\r/ver al [g;[‘{:&@ﬁ%ﬁﬁ% dges to&%%t %oggf%nglﬁr pri lr)natry g@gggi%&/n‘gg%&gﬁai Efll

hal i des and ¥at givas thennbplastd elgstomprssitscdireagthh dhe gérer phasean a soft rubbery
enbodi nent, R and are each hydrogen. Up to 60 nol % of, the X
par a- subst | ¢ BRRES (hatesies MesaAPaTE SREORaBRF FRISEY o 31@{%%&8&@
be-t he functg%qk,adhﬁﬁ@lmw%g%ﬁtﬁﬂ&gg i@Reve in one enbodinent, and in
anot her enbodinment fromO.1 to 5 m)?% I n yet another enbodinent, the
anount of functionalized structure (2) is from0.2 to 3 nol%

[ 0044] The functi onal ou may be hal age o] t..functional
bt oup. v ch- Ribe. i Adbirlstn e dn he e e e 1 %
benzylic hal %ﬁﬁo??aéﬂb ShitBiect FRMPS cBdAGiBalRS c1oad-BARRd Hbbas Siise, GROORSY
salts; carboxy esters, am des and im des; hydroxy, al koxide;
phenoxi de; t hyclyasaic vhalcarizaiion”. Rynamin sulcanigiiogels Thaupaeasss ahimigmand
m xtures thereof . The nct i;onal i i noqlefin.co er

Thet 1 et hod i "BeResic PR ERR ool o i MRS S AR e a0
are nore par gegadhtar b ythdirselagied elabtobled. witht £ndheiMocally, bfods4ihked rubbery
[0045] I n an enmbodi ment, the el astomer conprises random pol ymers of

i sobutyl ene Bh#Cpar al ReFUPrEt BhiasheVRashir S HORheopT Bk, & picaly fhs mgnor
par anet hyl st LD up to 60 nol % of the nethyl substituent

gr oups preseﬁ%gfgﬁer%l%gﬁzyl ring contain a bromne or chlorine atom
such as a brom ne atom (para(brononet hyl styrene)), as well as acid or

ester functionalized versiqgns, thereof. 15 [0046]In_ anofher, .

enbodi ment, {44&lf upgﬂileoﬁqamiq_iﬂﬁr 18P %@@aérgéa%éﬁa% R@Sﬁﬁdylés&eawe
form pol ar begdsofiih hd AR GiHeRRR bodh RS &R ositdnl 8 Bk relative to
polymer, for exanple, acid, amno or hydroxyl functional groups, when

the pol-yner edojaboénllisofahe efdsteneratompogents.c petodalwhesor 1jap3 481 bl rubber
certain enbodi nents, the random copgl yners have,.a substanti al | .
omgeneous. COMBOMTES GREATE G (0L FBHe, ot ot Sieact DLGE SaRabspsfis
the polymer hased PahaiRd ethd W ERQyS FeER a¥10Di phrl Q% @fhel hen-rubber
aver age para-al kyl styrene content of "the pol yner. enpl ary pol yners

are char act ecompondms arerraticashaganisé tel HIO pasisgiftrubbestanid bue expregsiviniphn)

of less than alternatively less than 2.5 . an exenpl VL SCOSI
ver age ol 6dHisaF HEPGRE A Ih ST AN Ge BRI 301000 Gp B 08d 60
and an exerrptl@aﬁyndg@yré&g,r R1eEA0 AiffRERC dbposEdBhbaded bhetHeaR e Ofcldikem
25,000 to 750,000 as determ ned by gel perneation chromatography.

1004811 n an @myodioneefirubberonitirmatt dig need fo recalculate percents for every component
pol y(i sobutyl gne-£o-.p- %ﬂ§l tyrene olyners ge ally contain from
51" o' ol BTGB T S ERE e P P EPEAEL" o7t he ot a
anount of nononer derived units in the copolyner. In another

[0023] Isoolefin refers to any olefin monomer having at least one carbon

having two substitutions on that carbon.



[ 0050] The el astoner(s) such as di scussed above may be prepared by a
slurry pokyd®ihgabéon, typically in a diluent conpri siNngp@r/us2005/6045978
hal ogenat ed hydrocarbon(s) such as a chl orinated 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 WO 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] A gener rpo rubber, often.referred to as, a
comodi Ey r uh%“@% m@%‘g&ﬁﬁ%%‘%ﬁ‘ﬁ%@rﬁﬂ? ﬁ%‘?mﬁféeﬁélﬁngB\HrdﬁgIeﬁﬂoghle bonds.

strength and 19006, &bk &S ctibodlAd, Yid ulliefly 3§ @h§Shdndhe Rb@Brising two
resilience. Thesé el astoners require antidegradants 1n the m xed
conpound becagspigeied doghlaboadd spchay e cpgogateediest hkesopmendot 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 omers w)zé ei I 1Bbekykak UBRSd OblaMSRBL @S plgafer | REsks DY 2edaRhers Nor
RUBBER TECH COVPOUNDI NG AND TESTI NG FOR PERFORVANCE, p 125

(Di ck, ed., H@hsesrs coppiying atilpagt G030)1¥Enpat asitofroganetdylepr pose
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 enqo@@{)but g tiRRethoh4bRey to hBRLule@Bfsegments of molecules containing
styrene-i soprenebut adi ene rubber (SIBR), and m xtures thereof.

Et hyl ene- pr opyitendy hyBgen cEbIRrbandienhy e fenp copyloruiyivdocabepalso ()
EPDM), and t:hei f.m o] re qal r e 0,.as:.gen .

bur pose ol astaubes " HHlea Yk SRR L BGeBERS it CuBSeHeT By

al so conpri sehegeroabms aé distlbeal in hiadeuleadil belder s are described in

detail by Subramani amin RUBBER TECHNOLOGY, p 179-208 (Morton, ed.,

Chapman & Hall, 1995). Desirabl e0 enbodi nents of the natural rubbers

of the prese LNVent e : I

SVR O, "SR SR 100, R R - Bk o Bl Ao Y6 Borfied

wher ei n t he natmraalallanb bg dsogpaveorze dbooeyhydicoens oy ths formasarsach ag, for

100C (M. 1+4) of from30.to 12 re preferabl 40 to 65. The

Vboney. vi soobP RIS S a e Bt GE s aietist iR (GELGR Rk e vi ¢ ASTM

D1646. [0055]1n anot her enbodi nent, the el aStoneric conposition may

al so conprise a pol ybut adi ene rubber (BR). The Money viscosity of

t he pol ybut adiP@8e r ubaelr refsrsmiesarhydresarbpoogroppl thet Afprmaya rréng eiriigtor

35 to 70, fro 40tto.abfut 65 i_n_anot her .enbedi nent %nd from ﬁﬁﬁo

60 in yet anctREFESHDAT HOMENC COMREPIS AR $ B REmpfe: PRasae YR HEl e

rubbers usef Ushehithi@e,Pir@5RBEN, RYEN bhd Ay AERlyS HoFesd Nd Bfndté RlohiblR deordaiEe

gUDENETM (Goodyear Cheni cal A Conpany, AKron, , BUNATm (Lanxess —

ﬁc Sar ni a, ("Grelreton Caithinalfs SEHIND el gRivpds towe povpreryed fliogm ()
ron. OH). : . . i .

"ci s-pol ybut a |%§%HR%§O¢§?%Q& ds:rb %@ﬁ ééﬁ?éﬁ@g#}e@%&ﬁeﬁ? ;ﬁ%@egﬁ&x ]fnﬁ%l? such

1,4-cis pol ybast dieemaplesa plsag] grol@r €kt he anount of cis conmponent is

at least 95% A particular exanple of high cis-polybutadiene

commerci al products used in the conposition BUDENETmM 1207 or BUNATM

CB 23. [0056 t 'fgﬁﬂ&, t ' iLi
al so coErpri s]eﬂﬂgzgggfyi%gé%rﬁ{e{%gq%u eraté%h%ﬁ_ﬁ%@ﬁ)c%ﬁ%{}i %ﬁo@@éﬁ%ﬁ%&g@%@ at
pol yi sopr ene lkadthare abstimesusdeacted fddN.ClorMxatpdd, mygena(ohorfnep Mr@binkp

70, from40 tQ about ,18 65 in anot her enbodi pent, and, from. 45 to_6Q
in yet anot heHUEHSoar ARHRS), ABRIE; éPl?@SYaEPBifBH%F qrrrllsd gyjtongtey, wool,

rubbers usef uly @60 . LR ) B89, e
Chem cal Corrpalg}l?m%kr%%cﬁwﬁ?&’ ?%@E}ﬁl{gﬁ%%%% er g%g%z msnté, ﬁ%ﬁ?{) SHbon
el ast oneri ¢ caiomeswhitio inchadesainsihyt; ostuyli peopyiibbeprspyif netrhall Buigl, dsabutyl,

ropyl ene derived, units_ such as EPM and EPDM as, suit abl e, addj t.i onal
Propy secondary ll:)utyl, tertiary Stn.l‘cyl, etc.; alkoxy, straigﬁt or %1‘&1nchec§j chain eﬂﬁoxy

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

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



WD 2007/ Q70063PCT/ US2005/ 045978 19 1, 4- hexadi ene,

5- met hyl eX@-29045PHE8r nene, and 5- et hyl i dene- 2- nor bonene. BEEHFA0AH045978
di ol efins are 5-ethylidene-2-norbonene; 1, 4-hexadiene,

di cycl opent adi ene and 5-vi nyl - 2-nor boneng. For nore information and
an exanpl e how an artisan m ght apply these terpolyner, see, for
exanple, U S. Patent No. 6,245,856. Specialty Rubber [0059]1n one
enbodi nent , i I LA

a polar f unc#%}g}r’g ’grg g@ﬁ%}ﬁ%gs % ’a%?@r%gg%lr@?%xﬁf ?W‘Z}Eyr’ Eﬁ@tgrg&?kl%%
or nitrile rhdbakyl, vehiclopodaysrsiraight @ praoplemdectiain kllky] hadng 1 to 20 carbon

1,3-butadiene. Nitrijle rubber n ve an acrylonitril ont.ent of
rom 10t o SHOTEIB iR SOBTEE FEne: oFs e L0 a B Hoaiot emole
embodi ment , é!ﬂQrd‘n’iéiH%l,leE&né’iﬁet}Ti?f? Ifho¥GheB POt h@cﬂonﬁ‘é’@)ﬁd' @Bdlﬂorogtlﬂﬁl, 2

Mooney vi scosity may range fro 0 to 90 in one enbodi ment (1+4;
100C, ASTM Dasasethyan @-fluaoetdyl, t bcildrdmosio Seomepbayi, né dluordiresd, 4-

rubbers are n,i.n art. .an escriped in, for exanp)

HANDBOOK OF PHARPIES, bifeRee gﬂﬂﬁf‘@ﬁ\ﬁ&l ibEomonRgt ¥ﬁ4éf1f?‘i‘4591§‘8ﬁ?’1=
ed., MG aw hfiddomdthgl, 1DIRAichldeOamRAl Cigd-dRraibdRel, 0f2 1-AERRGmiIhetix
rubbers useful in the présent invention are sold under the trade

names BREONTichigk@mmpmt SB.YtdiftvranpzETrd-dichlordutyl Chefridttapmiobutyl, 4,4-

Loui sville, . EUROPRENETM N (.Pol i mexi Eur ri.C ust o
TX), and KRY%X%‘PWFB RB ﬁﬁl}?{fg&yg Tﬁ%ﬂ?ﬁﬂ%@?&@é@ﬁ%@%@}@t i gﬁsg’“
Akron, OH). &ﬁﬁﬁ)@&@ﬂpﬂlﬂ%lﬁ@ﬂ-‘ca{ﬁm@km ; and@, 2SR TR R ropk @Sl O MBHus) ford
derivative of NBR'such as hydrogenated or car E)oxyl ated or styrenated
nitrile rubbersaplpyue aapkstiduted shrene pitl sudedesapraisiypysiene.oxBRY sbyrene,
"ABS" rubber),. a copolyner of 2-propenenitrile, 1,3-butadiene and
styrene, can tﬁ‘ave an acrylonitrile content of from10 to 40 wt% in
one enbodi nent, from15 to 30 wt% i n anot her enbodi nent, and from 18
to 30 wt% i n_yet angt her enbodi ment. The styrene content of the SNBR
copol ymer medUia ffrom 15 to 40 wt% i n one enbodi nent, and from 18
to 30 wt% in another enbodinent, and from20 to 25 W% in yet another
enbodi nent. The Mooney viscosity may range from 30 to 60 in one
enbodi ment @030} 1+4, Prefied ASTMmBE68Tyl iandle firarnc8 it hisShvemicanoichee
enbodi nent These EUb ers, gre commn in the art,, and descri bed ibn, for
exanpl 6. HANBEPERIBE HBE A TrEes O LIRS PRRPEly mARD Fres, m spbytylege
(Harper, ed. paddB@axsdibd bp a ?ﬂ@meﬂl?&%}& tofhrCORITBME} 8 a%lﬁgﬂér%oﬁ{prfsﬁigsa’t
é e

synthetic rubber useful in thé present invention is sol'd under t
trade nane KReNAOMNoPLaspead porisahugrensAkthsse pasinery GOG%] descrjlesd as
anot her enbodi nent, the secondary el astoner .i s, a specialty rubbe
ont i ni ng. o HAPBLEReRBT e LE SORYRHF 5B e B ST fk bobl of 1288 tene
@EI oroprene HERRY hnit, FardOMOR YORR! othér gol¢Rkazdid udit b UlRdisehayledéBased
boney viscosity may range from 30 to 110 in one enbodi nent (1+4,
100C, - ASTM DeerrBymermay OF 818y 35t bohalegingiednot her enbodi ment. These
rubbers are common in the art, and described in, for exanple, '
HANDBOOK OF PLASTI CS, ELASTOVERS, AND COWPCSI TES 1.41-1.49 (Harper,
ed., MG aw Hobl}, | Nk oddWbodlsesnresfcihal inexaivp) e efastohes ds sy bhfybtyipe
rubbers useful in the present invention are sold under the trade
names NEOPREREPDRF codpeirhedwiityrg sehbes  esppdiaiih delegenatid vensigraof dhesth
(Polimeri Eu :é@?ric TX)..a E ( S

Cor por at i on, E%Efraon, ‘™H) %ggir?%h%tg@gfsl ?%ee %gfa%%{rgg[ g%gﬁé] }rﬁ%gsg such - as
enbodi nent, hbmopblFaiepdTant ccapobynat t ofonkfinmyorc dwplefisae ald hedisdlefme or
semcrystalline polyner that is.an glasti¢ polynmer wth a noderate
level of cry$PROPPkIEps aﬁ@ fiplefinsy eﬁbﬁewépﬂm'mﬂéﬁ@%ﬁ@wﬁer%
semi cryst al | e ehydiPize Tl b3 arel Bhob BRSNS HIRERBOLYIES 24d)
which the stereoregularity Is di'srupted I'n sone nanner such as by
regi o-i nver s8hgMoftdh ed.,rGhragonm @& ¢l K96), ooV YNBERBILT RbREiR HARDBOOK,

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



[ 0065] The et hyl ene composition of a polynmer can be neasured as

fol | ows. | geneous filmis pressed at a tenper t
150C or gr&gaitbgﬂ?ﬂ?ﬁgn nounted on a Perkin El nmer PE 176081%n r%@é%&@%
spectrophotoneter. A full spectrumof the sanple from600 cm1 to
4000 cm 1 is recorded and the nonomer wel ght percent of ethylene can
be cal cul ated according to the follow ng equation: Ethylene wt% =
82.585 -111.987X + 30.045 X2, wherein Xis the ratio of the peak

hei ght at 115Biley r& | Sad Ipeakibhelghoost aldhBmitiid? examplesr of7 3Rsaturated
whi chever is higher. The concentrations of ofher gonorrers in the

pol ymer can &hastomses weaialiibdhe, e mds CORBPIRIRPD. PHOES PrSAgnBiention are

content of di 2cul: hQ ; c Bt sur

Fourier Tr angﬁ g{(ﬁ]luﬁ]t?@gggg 1@3@%@’0 coé%s{gl? %%I’ R?B]isﬁ & g%i u’nc??gﬁxwt?lﬁm’
sanpl es col | goiystyleye- CRPGutddmeluaatunat ndibet,s sdedranchet] butyMWrebbery add
WIllis, Applied Spectrosc vol 47, p 1128-1130 (1993). .Different
but si i | ar FeEREEeEL s Hadb slaFaRErs itk Dresratomy g cpR b8 TAle BNy
known to t hogg: gl ' Ghd art, D HElHOORPANE ot WS 1indRM by th
sequence di st%‘ra]lt%ét: }t%eﬁﬂ%#ﬂ?‘ﬁgq%opyrre’rs can ]gg rreasurned by 13C nuclyeare
magnet i ¢ r esanshekofpedicins hepjastd®e NVR), and such nethod is well
known to those skilled in the art. [0068]1n one enbodi nent, the

sem crystal line polymer conprises a random propyl ene copol yner having
a narrow conpggh i ON@lag o Bothp@ikions 'ma RobRiis€ M adhdieitle bAHE rubber.
pol ymer i s a random propyl ene copol ynmer having a narrow conpositional
di stributi on RButyl bbb srermgeprottby seactieg emigtiediyorpagaith meizseving

110C. The cop i esgr.i bed.as random because for .a l,yner.
conpr i st ng. prOIETS e G aroRTe T R mBBeT SRR PGS SpBHRDR B
di stribution PfyRRIEH0 MnohRs icdidnért. qBRSsdlE isvintdrdnbe ffoandond 99.5
statistical polynerization of the nonomers. |In stereobl ock

t 0

st ruct ures, hurtséght of the trdad menesmas mixBEs Hueee gnbegineshangdSado 99.5
adj acent to ang, ano i t-han i - LStic

di stribution Wr%n%%%%o%%ﬁéﬁ%ﬁeg{w gﬂﬂsﬁ%ﬁnb a%%{:rftyrr?%%?lstﬁslsggésé}ﬁ hC8le
Hi storical ethyh@ene Aoy fefe oRODMRES inohd esibediehitonid &bmuts w 6.5
have a distribution of ethylene resi duesetgonsi stent with these_bl oc(l)<iy

structures ravifein epthereplomsnis by Y aneler emkedimsnt ifeym Srtotthe wive
nmonomner resi ' HelelRY; 1idlBgy} Nt ranol ecul ar conposi tion

di stributi On%&?ﬁgﬁ?m&ﬁﬁl onnelggu é‘g ﬁlle copol yner nmay be determ ned by
13C NW?, which | ocates the conobnoner residues in relation to the

i ghbori | i . The, int | ecul ar,, it .
i stri but | on BFS] he GBI & Geiod reB-bg, RoRd R A aRR B RSP Risp
In a solvent. ;& doyofifids @Y &N isoblitylns MsHb@bed ﬁm@g@wméhé %ﬁgﬁZl—l-

aexane or heptane. The thermal fractionation procedire is described
hel ow. Typi cabitgge, abpretixilPabutbye, 7 5-tuteye, Prinftencabingthgd vinyh edfert Hrdene,

copol yner is i.sol ate one or two,adj acent ol ubl.e fractions Wt
t he bal ance o’f’mcﬁﬁémﬁtg‘ﬁ%ﬁ%?‘eﬁ?er ﬁ%g'lr%@éﬁa'%ﬁ%dm& %0&%{0&503:,\%@?0
fractions. Eagl) RilibREASuER Q@isb?ﬂ%ﬁe,md%n@m%inﬁh?nlﬁwﬁ%ﬁ@ﬁ@ RGAEe,
such as ethylene or other a-olefn) with a difference of no greater

t han 20% (r el &bidimpthybfidfencabioyadiens, ( exslopenipdiene.ofind haiperylangg endep gt

% conononer of the copgl ra.The hE O
conposi ti onal maP%fP?fPBﬁ?q} %Srq&F(f}‘o?etla lﬁ%@b?ﬁgq" ﬁ%’t%&%ﬁtﬁ%\n& 0e6$%16 and U.5.
descri bed abopgentTHoPIS0M2252 DR} PoBincranlagnbhenelesiuchday afgarness

and narrow 23 conposition, it is beneficial if (1) a single sited |,
net al | ocene céichlogastyrene argedsonsiiiwhleafor damopelyyietzaiongpiecapolimeizagen in
node of additjan edir c )
t he copol yner Bii%gl ﬁl/febp %IQ m @(%ed §1§3H8‘§91&3§ﬁ § f{r%lgocu! g | 1& @ﬁré%%%dgftgﬁ Egveg]a)m 18
pol ymer i zat i 0ghthiRag beteadtihe bS5 ad DOSswiOnbYiscaylag ®ithol Y e ivaHtiseiene, or
environment for substantially all of the polyner chains of the

from 0.5 wi% to 5.0 wi% isoprene in yet another embodiment. Butyl rubbers and

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.

)

)



25 [0075] I n one embodi nent, the seraicrystalline polyner has

. isotacti CWQtzé‘?"éfB?Qééul ar propyl ene crystallinity. The teP&I/US2005/045978
“stereoregttlar” as used herein nmeans that the predom nant number,
i.e. greater than 80% of the propylene;fyesidues in the pol ypropyl ene
or in the polypropyl ene conti nuous phase of .a bl end, such as i npact
copolyner excl usive of any other nonomer such as ethylene has t he
same 1,2 ins e h n

nmet hyl group%’b|ggs’8§]]hgﬂ(§a[tylg P%}eﬁl%&ngg%fgr réslggmgﬂg %%ﬁoﬁﬂﬁgﬁ%l ary
procedur e foR0(diEsedes.cW Ot Ro0d/0§8838e Wace4/058336, tWO D00RNEREES, UWIG S
of enbodi ments of the current invention is the use of triad
tacticity. THOHMG7347.1aadiWVEi20p405882%0l yner is the relative tacticity
of a sequence of three adjacent propylene units, a chain consisting
of head to tail bonds, expressed as a binary conbination of mand r
sequences. |[0034$ UusS Lmldomme.wirabseﬁaﬁhpieobf cofdedipbler duiyl rirbeerpise BBINONT
invention as_the ratio of the n r of .units_of the s leled

tacticity toBH{IYIofrades %mbgiiseﬁew padsapEenchIayBIgoR Mramey [ asrpsirak
triad tactichly o 3@ % P)g 9f 15’5"@? ?B#O%ﬂfob? &&*E&FCB S@%@; Houston,

determ ned froma spectrum o e propy ene copo
foll owi ng folKu a:Amathdsr &onmmncmPFHR@mpje REPemisirabeP (tmtyl-typdRRbber) is

othyl or oupVISTANRE ke BelHisomyleat OPRe TeBRBon G R MBIy

t ch t1af 1
5& ch g; na&egg;%(% ;b%@é 0y é@PLEpﬁgagTﬁgé«ﬁybﬂ R Clj%sis}am
- CH2

T—

Star Branched Butyl Rubber

[0035) Another embodiment of the butyl rubber useful in the invention is a
branched or "star-branched" butyl rubber. These rubbers are described in, for
example, EP 0 678 529 B1, U.S. Patent No. 5,182,333 and U.S. Patent No.
5,071,913. In one embodiment, the star-branched butyl rubber ("SBB") is a
composition of a butyl rubber, either halogenated or not, and a polydiene or block
copolymer, either halogenated or not. The invention is not limited by the method
(" of forming the SBB. The polydienes/block copolymer, or branching agents
. (hereinafter "polydienes"), are typically cationically reactive and are present
during the polymerization of the butyl or halogenated butyl rubber, or can be
blended with the butyl rubber to form the SBB. The branching agent or polydiene
can be any suitable branching agent, and the invention is not limited to the type of

polydiene used to make the SBB.

[0036) In one embodiment, the SBB is typically a composition of the biityl or
halogenated butyl rubber as described above and a copolymer of a polydiene and a
partially hydrogenated polydiene selected from the group including styrene,
polybutadiene, polyisoprene, polypiperylene, natural rubber, styrene-butadiene
rubber, ethylene-propylene diene rubber (EPDM), ethylene-propylene rubber



CH3 PPP(rr): CH3CH3 (CHH2 -(CH CH2) (CH -CH2)- 1 CH3 [ 0078] The
13C NMVR spasidoiieeés t he propyl ene copol yner is neasured ﬁ@ﬂﬂ@ﬁ@@@@@ﬂ
in U S Patent No. 5,504,172. The spectrumrelating to the nethyl
carbon region (19-23 parts per mllion (ppm) can be divided into a
first region (21.2-21.9 ppn), a second fkgion (20.3-21.0 ppn) and a
third region (19.5-20.3 ppm). Each peak in the spectrumwas assigned
with reference to an article in Polyner, vol 30, p 1350 (1989).

the first re@ERR), styhenerlmithditnegstpnepe afd slyeensdsamehessiyiens hlqch@opwmw
propyl ene un chaln r resente reso tes ond
region, the #%‘F Eﬁfg A% PICHF ?@g‘ﬁﬁﬁl t&% mgnloﬂlef RA70 Brogist B%ﬂﬁgﬁ E’ﬁ)}
unit chain regg %aaﬁgm%ﬁ%s 01 to/22 81 loth b ARt A S8HPUR to
( PPE- net hyl group a propylene unit whose adj acent units are a
propyl ene umm7wwwlmmﬂemh§EEﬁab@hnEn&esonates (in the vicinity of
20.7 ppm. In the third region, the nethyl group of the second unit
in the three propylene unit chain represented by PPP (n) resonates,

and the met hydosgr oupa(deRERRERY bmBs@HRY: 6f the SBPRY iR ettt invehifseis SB
adj acent units are ethylene units resonates (in the vicinity of 19.8

ppm) . [ 0079] Bueylc66 puvobil Ghsmieal iGoanpaayt H@ustyn,u EXpJtavinged Mopoelie
tech h th
beak areas {ORepRE GO B ERSG ASIR IR dsher or BORLATH 44 Bl gy

from peak ar @hgraéteAsidste SPOBalyl PEEKarerae 3611 Bks: t RET fse@)ﬁ@ ANegi, 0L andi.5
t-he third region, the peak areas based on the 3 propyl ene

uni t's- chai ns#@@ﬂN@)(MﬁMﬁiﬁ@‘})r)) consi sting of head-to-tail bonds
can be obtai ned. Thus, the peak areas of PPP(mm), PPP(nr) and PPP(rr)

can be eval uated, and hence the triad tacticity of the propylene unit

chai n consi stHal\@eQﬁteh&ﬁlyltthbﬁm'l bonds can be determ ned. 27
[ 0080] The sem crystalline polyner may have a triad tacticity of three
propyl ene units, as neasured by 13C NMR , of 75% or greater, 80% or

greater, 82% @gtgreatrﬁaeﬁ&ofmel igr %atdeglﬁbw it S R

enbodi nent s he present 1 nvention e semcrystalline p has
anmelt fl ow Mcge(lfmifi) }Mo@ﬁ%dd@tyhmbhmr ik gseduced foerﬂlaﬂlahgbyano&mf the

dg/ i t 200 . do/ | | t tively, 100
oy mn or 1 caut GubbRmpi dfecded il nBloseEan G & Rty B v 8

dg/mn or Ie%ﬁeangla@dnﬁéuﬂ@nﬁonlﬁ IQﬁ/HEréinQ'im:lt&? e, ha%%eﬁaﬂ@ﬁ'pf@éekés
2 dg/mn or less.” The determ nation of the I\/FRo the polyner is

according to Mswlmﬁh@ogez@mg polyz®rk gich ds0osgl] palymeristaus ﬁhsclosed in U.S.

resent 1t RO OEhETL Bl caRgoRr o et Ul BB P H S
a lower [im tPa&fntm wie¥1,929, MKS’/QDat?:ﬁth% ,L680)8TE, %0.S BPatiit Wo. ol 33507 .S,
ased on the total wel ght of the conposition, to an_upper limt of 99

@% 95 wt % Refend N4 Babkyauh U hePatentaNowdbghd0bf I (e camodinentothe
0083] |
bresent i nveri iR Falidnabd oy BERLEIARER! of AGRELY RBC SRR Sul2®

00/ 01766, VD(BQJ)Q)Uo&BomﬂéQCQg/a@&BJ 5310gaimﬁoﬂegemti OEk halogenatedchutyletnabdr
as the "Propylene Qefin

msr in WO 00/01745, _S mcryst | I.i ne
pol ymers are l@ém%ép@neaﬂ’gsc%. 51@% %Mﬁ @Vﬂgd\h%@r# ;Sﬁdngnwm odiment,
el astomers (Exx wioh
el astonmers (not pro?uce?serom processes %ﬂef?glﬁjﬁqgﬂosggé) bed(iis %@%Eﬂho
Chemi cal Conpaidy baddddhamdthe Melght T éltarigibgestated Hedimbber in one embodiment,
and from 0.5 to 5 wt% in another embodiment, In yet another embodiment, the

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

[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

)

@)



[ 0084] I n anot her enbodi nent, the el astomeric conpositions may

. conpri se WP 08006 ne t her nopl astic resin. Thernopl ast i PGTEEI2AE5/045978
suitable for practice of the present invention may be used singly or
in conbination and are resins containing nitrogen, oxygen, hal ogen,
sul fur or other groups capable of interacting with an 28 aromatic
functional. groups such as hal ogen or acidic groups. The resins are

t int 0 i f . 3 % of :
P one. enbod winr aBEBy id fop SiBtodilts tort B 050 BARCEOHRRSY e
from 50 to 7Broshdbutyl 9222.anbirter, endocharmtiristics of eBrommatifyr 2222 are as
£he nanocompBuorE; MAGS gieGhE8ro ARN"Bo Mik 3 EWmIHER e ANERKAGTAGRE0SD.
t00851Sui t abhﬁoﬂa@?éé]ﬂm%{e?cﬁl!egnﬁo%h dfffid Hﬁﬁgéﬁféd“ﬁniﬂu%ﬁ&eﬂ BroBbhG e
es, po p

group consi sting or polyam yI'm des, “pol ycarbonat es,

pol yesters, ptfisy@Exxbohedil QlunyicacCanpay, plhiuyt@asTH]).s Its Mooney viscosity is
acrylonitril e-butadiene- en Si , pol yphenyl eneoxi d
(PPO, pol ypﬁ@%f{leﬁqéﬁm h%g af &g&’ Agi@@r%?én@doéh?%@ﬁ}éﬁﬁmeﬁwm e
resins (SAN) ”@hﬂ% I i g&%g&] i .
pol yket ones %éééﬁ??g%%[ an &fggﬁ¥g§%§£%§§§t€§% t ergggm?g%%%%%gﬁ¥hsfe
t her nopl ast | Mipol feniddds 48 diN-wnMIL sdimpe 1 5 & 2T g talASTM D20848si nous,

hi gh ol ecul ar wei ght solid polymers including copolyners and

terpolynmers having recurring am de units within the pol yner chain.

Pol-yam des ngyr BeaRh&PRERGeMMePBUNIRLDEL i On of one or nore epsilon
iﬁagt ans such as caprolactam pyrrolidione, |lauryllactam and

am noundecanoi ¢ lactam or amno acid, or by condensation of dibasic
aci ds and di am.nes. (Bot h..fi ber-f,orm.n nd nol di .grade _nyl.ons, are
Sui table. exHSTes OR Akt SEpaR IR Bt ER Al PR o REReL
pol yl auryl | atgaBrémshean-thidgen@od YRRNAF®LBY liengadi PRiMode dhivddinet, Ghe
pol yhexanet hyl eneazel am de (hgyl on-6, 9), pol yhexanet hyl enesebacam de

(nyl on- 6, 10) halpgsngted cdareirayeher dubd prblva b Aicaraperilipp Al 8 butydrublicy, ¢ither

condensati on f -am _ne- 4 | I -

Ada 1 onal _uBb e ot 8 TARHOLTERIACG BB ek Wb kddepated grnot.
havi ng a sof Thahhdlggentioh phelessns Ae5cbed e deteid i U Patant MNo. ENCY.OBSRERL A
OF CHEM CAL TECHNOLOGY, P 1-105 (John Wley & Sons 1968g, CONCI SE
ENCYCLOPEDI AP@RniRp AR 81 BNEE PAE E@cﬁr%&é%ﬁﬁ- Yagnt Bga 51 §HR33 and

Wl ey & Sons n : :
TecioL ooy 3SR ARG 2805 Tk fhlerich e EickaXlE Ry the drbltiod hBbrming
avai | abl e t hthermpiganited sfao byawhetkbutyhyubber. atihvanpsizdienesblpclusegblymert be
ractice of .29 this inventi.o ith linear crystalline.pal yam des
havi ng a sof PEASHEE BeTHY Cisrenaiter ) ROHSHeR - Bt WEIALY SRRy SR56 VD 87 g

gr--ef erred. [ 9@3:?&%14{ d@l Lk Ryl A6 61 BRI SR IR HalopRhAN BRY] R®ber, or

&
npl oyed include the pol'ymer reaction product’s of orne or a m xture of
al i phati c or carnlendedpottly Swrthipdydribelogenaded bgylanbbefto doimy thei nbgepaied

one or a m xture of. di,ols. a es. of .satisfactory,.polyesters .

"ol ude pol yE: Prandiet Sl PE e sy o Bt el R B 55 b il
as pol y(trangraheifing ¥t RNy HRNEyESS 1N AMEIMARToRBE Yype of polydiene used to
(transl, 4-cycl ohexyl éne adi pate); poly (cis or

trans- 1, 4- cyviabhthednbtienaed glae hunckdddaddibherboxyl at es such as
pol y(cis-1, 4-cycl ohexanedi net hyl ene) oxl ate and
pol y-(ci s-1, 4- cycl ohexanedi net hyl ene) succinate, poly (C24 al kyl ene

t er epht hal at E}@ch] suchnagnd ehibetiydngnechAtdthhal adte BRdched but%/l rubber is
pol yt etranet hyl enet erepht hal ate, poly (C24 allcyl ene isophthal ates

Such as. pol yEHAlE o ReopRtHan of dharuyl oy kaegeanted HEnambeo phdhsred

and like materjals., Preferred pol s a der.i,ved from ar t 1,C

G car boxyl | ¢ SRR hERPEYERS i KFRIFAE Bl 5 ORENNS S GRALEBRYEpe

CA diols, sugdlett&l pabietiy! epsud ehepbingalsatrensan@dolpBlitabichy, etyisoprene,
polypiperylene, natural rubber, styrene-butadiene rubber, ethylene-propylene

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



[ 0092] Dynam ¢ vul cani zation is effected by m xing the ingredients at
a tenper atdih SooMdhdgks | S at or above the curing tenper at“rfc%siﬂ%msws
el astoner 1 n equi pnent such as roll mlls, BanburyTM m xér

conti nuous m xers, |cneaders or m xing extruders e.g., tw n SCrew.
extruders. The uni gue characteristic of i8he dynarri cally cured
conpositions is that, notw thstanding the fact that the el astoner
conponent may be fully cured, the conpositions can be processed and
reprocessed hypsigmesnt Tigsalpolydidies apr pesss, aged on i comsmen ehYg greater

extrusi on, ection_ npl di ng, SS etc
fl ashi ng canf-%ﬁél%éw n&r’?%ltroéﬁp eeﬁeﬁom%%f%ﬁﬁwie ghbodiment,
preferred th% BE?@ 't& @q;,@%rﬁ{ ggsﬁfb&lerh dMbnes of this |nvent| on

i ncl ude engi neering resins se rom e group consisting of
pol yam des, pol ycarbonates, polyesters, polysulfones, polylactones,

pol yacetals acrylonitril e-buytadi eng- si ns  (ABS),

pol ypheny| end®¥lde (ﬁP@E)mmﬁ’(ﬂl p%h@ﬂe ’éty gﬁ%ﬁ E}glo ﬁﬁéﬁf\sm} branched butyl
styrene-acryl,gpidrid ﬁle S&Non RORYABHEIGS 6231 (ES{%&IM@blMI?énﬁcal
anhydride (SMA), ar orrat pon et ones ( PEEK, EK and PEI CK) and

m xtures t her@Gufipanfy Hbm’cmedr}é)g@ammgra h@on@svmwsayél\/ﬂeﬂi&m d2s’C, AiEIM

f 6 d 11.
eng noer 1 g o SRR B BromiRe Sufint BR SHFH ArdfAd PEAGTRGe t
from about 1Qpui 0aRBM84 shk-eh@andflayvityP 'ﬁﬂﬁﬁPUt Peifhdr O cBR Whdlactbiics of

erastorrer may be priesent in an anount "rang mg fromabout 2 to 90 w %
preferably frRxomebutyl 6222 geds folloys: iideis foom ehéo 8Ky M) srfim 6 to 16

Preferably th(g\gel }82 present in said conposition as particles
di spersed in W@g |}1g resin. [0094]1n a preferred enbodi nent
the el astoner is selected fronfl poI y(i sobut yl ene- co- al kyl styrene),
preferably pol y(isobutyl ene-co-pnet styrene) hal ogenat ed

pol y(i sobut ylféﬁi@g@éteéﬂm@tlweem’ﬂ‘l\/fﬁ%é‘ Istrensi BAU®ST ogenat ed

pol y(i sobutyl ene-co- p- net hyl styrene), star branched butyl rubber,

hal ogenat ed star-branched butyl rubber, butyl rubber, hal ogenated
butyl rubber,joepd m Elasto@@richeﬁmsmom oﬁﬂmmgenpmefeﬁﬁbﬁm@’rmmwmmﬁse

t he el ast oner co ri ses m)@gtyl rubber. and_or chl ,or obut r ubber
& 5P

[0095] The el aétlgenaagn BHET POMPHRENE PaSt Bhbr (1RO e D 40
a range fro I ah" 20885 0d} B omerr p

anot her enbodly@outr‘#el%?ra%% &E)l to 4‘&1’3% ?n anot e%qg%b%%%gn%%ngﬁeggm
up to 30 phr aomtajmng ahhabieSO%nhmd@ aﬁmlatr\reity geleastirRt%dry weightl ofvihet para-

the el ast t f d_ f t
5 ohr in anot KeRCBOER D, el Rbieu 2l ideBalne Pt B drest RO
embodi ment,  angifJrIR8 Ayl @88t tudills BRuph Prey@i u@ﬂletst}@éneeﬁbﬂahémﬁts cantam

fem rabl e embodi ment may i nclude any” conbi nati on upper
imt and anybdn@wm hghgen mmseome mbﬁgdnnﬁimhemuenbbdm rsemlvqriemen’r the

el ast oner, er indi |dua s _a.b tor

physi cal bI e @gcwag\sfa - ﬁlla%oﬂlﬁﬁm gsptgpﬂglg{ §ﬁep§’? & Or b @ ﬁe?

in the conpositfieand MG 100 c@ﬂ%n@ﬁe@@@ckﬁéﬂ;@aﬁ‘am 1s@fbeefcbﬁmfﬁ o
80 phr in another errboré}%er? and from30 to hr |yn yet anot hel(rig
enbodi nent , ah@stﬁﬂ%nalt@rnawém apleest 0% by vigightiod ﬂl%ﬁﬁédrqmtandmomlbrn
5to 50 pin i £ r r 4

anot her enbodﬁnn%l((ai }Zgﬁr %%ﬂ?@%rs g&e{r{ zJli)crr?egs’gt()%gn%t ﬁGfe bf]tﬁ/ élkyl
enbodi nent, aerﬁtﬁe;rfs ﬁfbub@pﬁ@erﬁhnlﬂib stﬁ’én@mhdjlﬁér wikedhriinbenziiehalogen
chosen enbodi ment deBFndrn upon t he desired end _use application of
the conposi ti@hsom®otry frrclienalsgronnr i Bxempipy nateiHs mas bacherastsrirad as

I
o1 ast oner (%) ﬁ%?ﬁérféﬁ%ﬁgg ol mRe bR, by et slone the

10098] I n cer t pilmendiedi:nent s and where applicable, the el astoners
used in the practice of the invention can be linear, substantially

)

)



descri bed_as pol yol efin copolyners having a density of from0.85 to
. 0.915 g/ CWQZQE" 'éoq:halt i ndex (M) between 0.10 and 30 dgIGi/BS2003045978
enbodi nent, the useful plastoner is a copolyner of ethylene derived
units and at |east one of C3 to Cl10 a-olgfmderived units, the
copol ymer having a density in the range of |less than 0.915 g/cnB. The
amount of conononmer (C3 to ClO a-olefin derived units) present in the
pl astoner ranges from2 to 35 W% in one enbodi nent, and from5 to 30
W % i n anot her enbodi mefft) and from 15 to 25 WePoin yet another
errbodl ment, and from20 to 30Pilwt%| n yet another erbodi nent.
001011The pI astoner useful jacthe ention has %I tcﬂ?ggtex (M) of
between 0.1 and 20 dg/mn (AS MDl 38; 190C, 2.1 k i n“one
enbodi nent, and fromO0.2 to 1£ phodi ment, and from
0.3 to 8 dg/mn in yet anot nmol ecul ar
wei ght of useful plastoners . : , 00€ ,
enbodi nent, and from 20,000 tg 700, 000 i n anot her pbodi nent. The 1%
secant flexural nodul us (Aﬁll\{l_ D79 of useful plastijoners ranges from
10 MPa to 150 MPa in one errboﬁ; , and from 26 7 tTo- 100 MPa in
anot her enbodi nent. Furt her, ﬁi\/he pl astonmer that is 'yseful in
conpositions of the present invention has a neltindg tenperature (Tm
of from50C to 62C (first nelt peak) and from 65C to 85C (second nelt
peak) in onewheehdR @i R afsﬂﬁdepeﬁdéﬁt@ hsadlﬁg& (IBWElshllcﬁfP'shc}PQQlﬁ)CﬁﬂﬂC-;

from 70C to 80C (second nelt peak) in another enbodi nent

{001021PI ast @k sndgreneny orrseetnslapt alkphbalides and Kot saPechienahigropemeh as

Gor ved: uni + SUGeES o S SLIEENE AR S8 AR, RSB0 Billeett

whi ch cont ai pure,@@wﬂalted styrend® pré¥efite irp thet Mﬂempa@ﬁ@muumé Snatyobyltﬁéd
a density between 860 and 0.900 g/cnB in one enbodi nent. The

nol ecul ar mﬁl@lﬁ@owl@?c} PRAES {2) ?hﬁ/"ﬁ/ﬁ} opft ergeadimgnl and anodhes embodinegat
fr om2 1o 5 Bmo@ t& rgb@gi%rent %ot‘l'fe?%h‘l%oa nt.lég)]'t 4thl3 %nﬁﬁﬁ{ H?hmctlonahzed
enbodi nment . arrp es a co rcrally ava| 'astoners are
EXACTTm 4150stnetwe i2)liy frem 0L teBhydléne and 1- hexene t he 1-hexene
derived units naking up from18 to 22 wt % of the plastonmer and havi ng
a density of 0.895 g/cnB and M of 3.5 dg/ mn (ExxonMbil Chem cal
Conpany, Houghfp, TX)he ﬂﬂx@tﬁﬁ%@gﬁﬁt 82Qday e NATBY sQhe ethet! BRBHGR
1-octene, the 1l-octene derived Units makKing up Trom 26 to 30 W % of

t he pl ast onegroupchithamay de dnadeprsited bﬁmudemhgﬁmﬁnmd dffbenylit halogen
dg/ mn (Exx bil Chen c A\ TX) ... Processi Ai ds
Fanct | onal | £ BURRGSG R RCRTh I CRREVTG BT Shopto vt caper s iropbles
to produce amdeindges mBdidkye alkefiet p@éhox{déeﬂﬁél%e&ﬁo&ﬁﬁp&hﬁﬂq% cyanide;
gontacting at |east one elastoner with a processing aid, wherein the

processi ng af¥inglshpmigesand mbdwes dh@repﬁncifhmaﬁmenwegl n@ﬁﬂl@awlﬁ@n
t | t 1
? uncte ?znaf)?ﬁdo%%w&% d&eﬂré{%tgo%ro gérép% %ﬁ Eﬂ% £ onzliaﬁ"?c Ell ng apo?eansdt “Bhe

pol ymer wit hazatmdxe@sﬁmamﬂyamty@bred gieU. S:(I’fateﬁxﬂﬂpﬁ @62,a4smanuf act uri ng
process for making the at |east one f-unctionali zed pol yner invol ves
solution functionalization of a polynmer with an anhydride via either

t hermal ENE tionR,. o e h 5

certain enbo@lﬁ‘?rsintsqn %fle %ﬁﬁﬁ“& b gﬁé; ?as éi L&ﬁtlp%s (fgrgé}r\g}eé& i gf
pol yner pol yisebitzlkde f ardmpatrestystirac ld:dnﬂagm@di:(ﬁﬁ oor & Q0 eddddd pasa-
al pha- ol efins, dlsubstl ut ed oleflns |soolef|ns conj ugat ed di enes,
non- conj ugat BEtHY WEEIFHLWP Es0RaI %ot Mﬁﬂ%’h%‘@é‘:l%l}trﬁﬁﬂwrﬁﬁm on

vinyl ethersy, )

atoms, al ter G5t .%é@@ﬁ‘%mtoﬁfaﬁ%ld%ﬁ%?é@ﬁ@ oD B AR
[ 001061 In a@rﬁﬂbﬂdWﬁné)b}@sMﬁthdSIaomairleEEdﬁmhsz@Oéf@foms&&1‘&52. C12
a-olefin derived units. [00107] In another enbodi nent, the

g/ mn in anot her
gnbodi nent. The a




C 0 Itaconi c Anhydride Citraconi ¢ Anhydri de2. - Pent endi oi c

Anhydri dew@8yol/@%bdf] Such functionalized pol ynmers are W gle}¥is2005/045078
avai |l abl e and commonly used as |ubricant additives. Exanples of
suppliers of such products include InfineumlInternational Ltd.,

Li nden, NJ, and Chevron Oonite, Conpanyly Houston, TX. [00111]In an
enbodi nent, the at |east one functionalized polyner is succinic
anhydri de functionalized polyi sobutylene (PIBSA). For exanple, a

manuf act ur i ngog@socesk mmtheraﬁhb@dlﬁbﬁSﬁ}mﬁmcﬁmedﬂtwés sadéaied emch that it can

functionalization of a pol but ne, or but ene .(P] E) such £s 6_1
o ot aul areie g forRPar PG aaTiona: BauD PieSat ik g madive 2P B
reaction (tnepmak. RH3SALO ankiflo HE HPABREN EcBbnd NE@lbdlewhen the polyme
(chl or o- PI Bsq§) ﬁgi hoal 1t he pol gmargl to be f U%I?tiljongl el dhere
appl i cabl e, tdmmpsnam amgmﬁeiatlaghtmIvm@mreﬁr om pure isobutyl ene
nononmer or a mixture of butene isomers. [00112]1n certain

enbodi nents, the nunber average nol ecul ar wei ght (by gel perneation

chr omat ogr aphm)upf t e cstadd thibddPenidBhe %&h@ﬁma&)flﬁnér@'}ﬂ@é af SuPEPARANL
400 (the weight of the nolecule in atomc mass units relative to

hydr ogen at orhoawgiegroud campasitienad fdistriytionsuelp that alead @5ovt¥hiofherpolymer
alternati vel froma t. 500 t o about l.ternative

Sbout 800 Lo it R apnti St a0 of sie aRShee S ek Bifhene
1,500. [00113ohfent QFthé HoBrpadi 'ﬁ@ﬁ@laﬂ' KRy Gié dRafabRebeD B 4 tidrroly

L««he at | east one functionalized pol yner such as PIBSA can range from

about 0.5 mlmlp@ﬂabwaghm@&%tz% /Monaf leserliEn % ebematerly 1@5 Shq%? 5% ()
to about 1.7 nol% ]
105arrglu% [Ooaj'fllrmi‘]‘e %ﬁg %ygasi’tg]r:ﬁg? OIFJnu(ﬁ: @ﬁgﬁ‘i%g% r%gg%)unch onafl zeuc?

pol ymer fromtory wtﬁx,ont)r@ﬁezrne@@ﬁq;mp Qivienben dveﬁi@gd mekkchleo Weizh? 00 tHéhamidol
with an anhydride functionality of about 1.2 nol9% and PIE SA 55

functional i z@pEPPRBAO dePUbes qlqt%rmllzedzlaog%emaéﬁﬁp cRroRRIREARRINF | de

functionality of about 1.4 nol% O her commercial exanpl es include
OLQOA 15500 PIBSA from Chevron Oronite 37 referenced above and
derived from@g4#p0 Mn RBSeralwiliGea biafitidteR Ry(iabniyled-dorpmeihBgrek)
PIB. [00115]1n yet other enbodi the pr 9ges | n s. descri bed
Dbove. may  havePlMRrs BsBrEUy PR BOFRL S MAlTmo pRicadhiReERH %re*dps
by gel pernmeaf|pRe gh rtﬁén%éﬁg Raft OF h&tndr mﬁﬁv%@ e 1h“th@ tpoiymer

enbodi nent, | ess than 8000 in anot her enbodi nent, and | ess than
in yet anot hea:noéwbembn@ment Ithe mnem@ﬂf@dnlmeﬂlykgreummemmgﬁo& (blmhé%:e

a nunber avera e f eate han. 40 an er s

Chan 700 (n -HEHED Scrbuandine Mhrd sPLSr eRootiERts st iy e gt

enbodi ment . Aml%@éxﬂfﬂli@%nﬁﬁﬂﬁﬂéﬂmﬁd f&h Pt Gﬁiﬁm/ﬂﬂtyleﬁﬁh&ﬁelaﬂmbddﬁﬂ@ﬁ

EI ecular weight Iimt wth any upper nolecular weight limt herein.
0

r exanpl e, Whereinea desisblemange mavebgrusceassbingtion of ansyuppevdimit witthery ()

aver age, il ecylar Lyt oL oL TABNANN.L 000, 900 c B0 LEO 100 457090

i n anot her e I men rom ano

enbodi ment. [ 0D HA%] of bBraeging aba[heﬁfﬂipdienﬁ&'tgﬁt of ﬂ& pcﬁl?ﬁﬁﬁsfrdﬁ@ @it o ywt%
have a nunber_ average nol ecul ar, wei g % of from 450 to 5, 000;
al ternati vel ybrowwn@@eth@be@bs@menwap@ rﬁﬁ’&% £4p y.6 W% i sugherFmbagipent,

21 tor nat i vel 5o aroanRty Jrg i b b ecn b (2Bl S8k bg R i
D445) of the prowessbodimzht] theyaddaong@Olymer is a copolymer of C4 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



fromabout 10 to about 6000 cSt (centi Stokes) at 100C i n one

. enbodi menWO 2807¥0¥Et i vel y, from about 35 to about 1000 dSiT/B$2000BE78
alternatively, fromabout 75 to about 500 cSt at 100C, alternatively,
from about 100 to about 300 cSt at 100C,.alternatively, from about
100 to about 200 cSt at 100C, and is greater than 35 cSt at 100C in
yet anot her enbodi ment, and greater than 100 cSt at 100C in yet

h nmbo
of the. procedt el 1708 % g bR Soosh FRlh ¥ e B oy
100C i n one mm%enangpam&ﬁom@mgggqe@t at 100C i n anot her

enbodi nent . @n ot her enbodi nents, the viscosity 38 is greater than
35 ¢St at 100C in yet anot her enbodr ment, and greater than 100 cSt at

100C in yet her rrbodl The el ast

conpri ses orﬁp@ pr erﬁgr %Imm %%’611&515 60 fghtﬁ‘§ gﬁ%gé&%ﬁ”}éo thf[englp"
from2 to 40mbimylstyredd Qlubbér %ﬁbﬂﬁl PRedent finOeARnt & IBXHPRO™ anetdiess
enbodi ment, from4 to 30 phr in yet another enbodinent, from2 to

10p1 in yet @haonobd @hsmien fommppklonsien, TE)phavinga ongy gispesity (ML
orocessing' ol A AR S DVEDLER0 ST b0 05, e FRAARE oyttt From

processing addonhy Wis,aamd §RemirRhcortent ¢f fomb0 Tewd Mtht%wlaluweb thhi
limt descri bed her ei_n. E}SMZO] In an enbodinment, the processing aid
or el ast oner halogeaisddsabubhensoeaeibilstyisne 81abehr omati ¢ gr oups or
unsaturation. [00121]1n anot her enbodi nent, the processing aid or
@I_estorreri c conposition is free or substanti ally free of or nmay have
onl y cont ami pedoj on I’Emeﬂl&tmﬁer@a)&ndt hs:dmampd&dldrdvemmlﬁeapﬁepmied bgid dyrrpr

m xtures thereof. As, used. h bst anti al |, fre ref rs.to
ppm or | ess, Pelymerigationy &pjca %8'07(5‘ i‘brﬁiﬁuﬁ?t FpREIst ?Yd’%@tjbﬁﬁ%?
or |ess, altgfRald xedhyorm%é@ RRIDOrbdiE $8d/oRlat ﬁﬁé}ﬁ{a'tédeh droéeQQOIPBE@lﬁng

| ess, al ternativel y, /5 ppmor less, alternativel pm or | ess,
alternativel wﬂﬁﬁspmlmrmf | 68, et Wikt PO®1/953828, pWr@ 020®@@@8827 WO

F001291 1 1 yolood (T Hiopfitfnsfil, o0 Sdtlsske Xvg s PR 7 g wo

conposi tion pgou/osxebyde ot her conponents such as the fol | owi ng.

Pol ybut enes [00123] I n one aspect of the invention, a polybutene

processing oil nay be present in air barrier conpositions. In one

enbodi nent o ven p 0 n i 0

nol ecul ar we%&%@ (less %ﬁgﬂ Téﬂﬁﬁggh%)%%gﬁgdo %&g@g q%% %Fk&na(%fg&

ol ef i n deri vegkctpéd @odﬂravnaygaefdoﬁmﬁed@nﬂaﬂaa@@ne oﬁﬂle&‘bldmmngn one

enbodi ment, preferably from4 to 6 carbon atons in another

enbodi nent. I n yet another enbodi nent, the pol ybutene is a

gtgm)pol ymer gr % @J £ G4 raffinate. An enbodi ment of such | ow
l.ecul ar mergﬁ po ners termed "pol ybut ene” polyners is described

in, for exanple, SYNTHETI C LUBRI CANTS AND H GH PERFORMANCE FUNCTI ONAL

FLUIDS p 357-392 (Rudni ck Shubl d Nhrcel Dekker 199%%

(her ei naf t er [9333] ybu &58°13 B‘é@@é‘?h ) ofigy To% PoIdy BUEBALOTImedy1 3P

one enbodi nep}, &gﬁm%

copol yner of ayq{ea t |so gﬁEQQE?ﬁ@gﬁH%%ﬁ?%n@%ggﬁf§$igéﬁ§%%%§bﬁg

units, and 2m1hdbm‘ie/sthe¢sn3/mﬂ ]mghtrss.lhdmeoﬁélemwﬂaﬂnmemtrpqmmeamdegmdmﬁme

is a honD ol r, co or terpolynmer of the three units,
wherein the Ik B Baiid, Bireyth POy SPereiRh hvicpdos euiied ot bt

copol ymer, t Q{?}j &ﬁ?éh%@&;{a%ﬁcéﬂaé%’ oPSHel STIR ?%15 &f9eR &sﬂ?re@@gl’&e@ @i thé Brket

copol yner, erived units are from0O to 40 w % of the
copol yner. | beansd hetheemiowdsakiing prmdrsereimﬂvy Boatseemalivselastomprsl gndetheiyrbig

terpolynmer of the three units obu

are from 40 VOIUGES\PY,ERES RS @S%ﬁﬂ?ﬁefey Eﬁ'@ WE@T WQWﬁ

are from 2 tecideHAaoindG NeNDOoPREYIRG. FORAPERBORMMNERS leps (BekuREL S
Hanser, 2001).




nunber average nol ecul ar weight (M) of |ess than 10,000 in one
enbodi nentyq h@spdean 8000 i n anot her enbodi nent, and 'eﬁérﬁrgfdﬁflﬁﬁg%
as

in yet another enbodinent. In one enbodi nent, the pol ybutene oi

a nunber average nol ecul ar wei ght of greater than 400, and greater
than 700 i n anot her enbodi nent, 40 and ldgreater than 900 in yet

anot her enbodi nent. A preferred enbodi nent can be a conbi nati on of
any | ower nolecular weight limt wth any upper nol ecul ar wei ght

limt herein.[of5ar exBrmhplesiof generabphodsereuitbend indialepodtytali relterof{NRhe

R AN e AT
from 900 to 30HQ, qﬁr%?gqoﬁtggﬁfeﬁle-%mg&dﬁq rubfief @Ry, M%ﬁ&%ﬁf%reﬁ@e

pol ybut ene process ges m 10 to 6000 cSt” (cent’i es) at
100C i n one dmdineenbberdBIBR), and Sixttues Hgdeoic Bthylne 400y éne mhbirH{EPM)

enbodi nent, and i.s.greater. than 35 ¢St 0C i et . anot he
enmbodi nent , aﬂ‘?g AR OPKISPe-fisHe E‘éi’%eﬁl(gl%]a Fﬂ‘ii‘s}ﬁf @%?%Wﬁ@rogen are also

enbodi nent . [@ﬁ%@}@grg@;c%?b@g@gggt%eﬂf such a processing oil are
t he PARAPCLTM Series of processing oils (ExxonMbil Chem cal Conpany,

Houston, TX), such as PAI RAPOLTM 450, 700, 950, 1300, 2400 and 2500;
ORONI | ETm (ChevronJexaco, New Or|eapns, LA)..DAELIM PO YBULENET
(Dael i m [ naudirh) O Saper SRREBET: LGSRSO PR BUaRRR € urel
Lisle, IL); TRGhdR! ENadexasbBels’ f6NRebRdsn BBt BN Sulrnanid¥® in RUBBER
commerci ally avail abl e PARAPOLTM Seri es of Cgol ybut enezd‘ﬁr ocessing oils

are synt heti cTRBOHOLEGH0| § BTPH8s(Medah ddndChrpiban & dlatlil ¥%Pbn Resiiahly

a certain nol equl.ar i all .fo i.ons_of ich.can b '

t he conposi tieﬁbog%m‘fr\ﬁg O?ﬁb%ﬁ?#%%nlﬁlﬁ%é %Eltgc Feaant :V%EHOSP 0 ﬁ%&%dﬁb&
PARAPCOLTM oi I galaféad f1idBed AthMz SNPARAPAMRI 4 SNIR10, SFATO 20/ and FANRRPOLAHd
2500) as determ ned by gel perneation chromatography. The MAD of _the

PARAPOLTM oi | Bixgagehereain whereino e natug eTubbpBd AN, MAnEeY r YRsosity gas

2.8 in anoth j & 0 ] I I
o7 oper | o5 of RN BAAE D 20 LTI et 3PS 126, Aoty FouP o 085
i nvention, wiEieSVibotdyeviviasitp sdst yefoveesl tddbeimisir decasdqmee wASTAS TMAD] 646nd

t he nol ecul ar wei ght by gel perneation chronat ography. 41 Properties
of individual PARAPOLTM Processing Al ds Gadel ,. Vikosity @O00C,

, - egt 450 420[065@] 6 700 £Qne3 e%gd%t,z%ge 139Q0h3%0 composition may also
comprise a polybutadiene rubber (BR). The Mooney viscosity of the
polybutadiene rubber as measured at 100°C (ML 1+4) may range from 35 to 70,

from 40 to about 65 in another embodiment, and from 45 to 60 in yet another

embodiment. Commercial examples of these synthetic rubbers useful in the
present invention are sold under the trade name BUDENE™ (Goodyear Chemical
Company, Akron, OH), BUNA™ (Lanxess Inc., Sarnia, Ontario, Canada), and
Diene™ (Firestone Polymers LLC, Akron, OH). An example is high cis-
polybutadiene (cis-BR). By "cis-polybutadiene" or "high cis-polybutadiene", it is
meant that 1,4-cis polybutadiene is used, wherein the amount of cis component is
at least 95%. A particular example of high cis-polybutadiene commercial
products used in the composition BUDENE™ 1207 or BUNA™ CB 23,

[0056] In another embodiment, the elastomeric composition may also
comprise a polyisoprene rubber (IR). 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

)

W,



630 2400 2350 3200 2500 2700 4400 [00128] Ot her properties of

. PAR APOLTWPHOEEE8%PNng oils are as follows: the density (Rf/HES2086¥045978
PARAPCLTM processing oils varies fromabout 0.85 (PARAPOLTM 450) to
0.91 (PARAPCLTM 2500). The bromi ne nunbgg (CG G for PARAPCLTM oil s
ranges from40 for the 450 Wh processing oil, to 8 for the 2700 Wnh

processing oil. [00129] The el astomeric conposition of the invention
may i ncl ude I‘rﬂQf m&g f u : 1 ghde
ei ther pri 0r9§'gn§gol ti grrllﬁj%go t g aélﬁgjg%{%nif%gres%ajﬁ?a? glgglegl?%)onerg 'Il'}1e

amount and i centktejal Eeamgple of themssynshetivmblersujefaf intthe ppaskythinventien is

processi ng o] be varj.ed,i hi s .mapner . us, PARAPOLTM
450 can be uﬁm*#f%ﬂ%a@%@&w ep’écaggfé‘fnrpéﬁyﬂ‘ﬂ“f)ﬂ’eoégnposi ti on of
the invention, while PARAPOLTM 2500 can be used when a hi gher

viscosity is desired, or conpositions thereof to achieve sone ot her
vi scosity or[ms$d] ecullar amsthghtembadimbits thanplestomehie pbmpdsitibn may also

Phe. phr ases. SBPyBLTERE P SR LRGE: PIOBY sRe e 8 B s oo EElh e

oi 1" incl udegpangi ng! QiGble MdifokR MBSrS] OBxRhpIENRf OuitABle CcRhdrR it Gn
to obtain any viscosity or nol ecular weight (‘or other property)

desired, as spkingfFROM aret ¢thylidengamriirseicodebthtradising, dicpdopoitahene, as
| ybut i j i | . to | ast j

Porost &1 on BPLERSU e brd bR A SesBhEE R b e Han o025

from 2 to 40(phk).i nAaBEtdbe ERDAH FBpYlend 8B4 {sOcRmRYaliyN addiRbhe bs

enbodi nent, and from5 to 30 phr in yet another enbodi nent, and from
2 to 10 phr VASTALOMY(FexordvibliliChemtcal Gaapish iogstos, PX).phr i n yet
anot her enbodi ment, and from2 to 20 ph in yet another enbodinent,
wherein a desirable range of pol ybutene may be 42 any upper phr
limt conbi nggsspd t h JaR¥t hxwtldr epttiodirheiit! the eBetonteeid dogipekifion RieT@Eaplsy ,
t he pol ybut ene processing oil does not contain aronmatic groups or

unsat ur at i ona POOLERgTRE feriges/elphaoleinisise: [pRYBE.t hEbyprasdtrletin is
e oant a8 BoROnne (UG LONREH B 35| CF Hobe bein) ol HftobEne"

the present invention i's ound €onprisin on and
and does not biiead ke ottenaprefifyprdeaidaopylend skt frafecteidofht dipne epsponent

sel ected from hydroxj de, aryls and, substitute yl's, hal ogens, .
al koxys, car Gﬁidei%‘?mé@F SFYID EARSHHAS lﬁ’kéﬂ_ttﬁrétﬂ?dg {es'aMeéfso% suitable
oxygen, nitraQel if ccﬁfa@ﬁﬁy%qairﬁyh};a%‘tﬁﬁ' BBleEn et 8kloalkbhyllstbRaRE

that these groups and conpounds conprising these groups ar€ not
del i ber at el y abeokschavingt fnem NFRP, 1 Sacrabarf atpmes Entcific exdrhplenimshpledg)esitaighd

|l ess than 5 W% b ight of the NEP in one odi nent , d |les han
L6 1 amotah Aty afeten sucth iy Pt diai s B orey 0 HarsERCphats
emrbodi ment . E%Qiié%liéﬂ%s QR6h QERGEIBRNY 4-Rdr8AKE TP 1E8Eh1-0-dtadidheC3T0
paraffins, and C8 to C100 paraffins in another enbodinent. In anot her
enbodi nent, tdincthitfl,Zondiens; exysleni amiyedfisgperso af2oihypsheayicans, aaéd

consi sts essenti,ally of to CLOO .paraf £ins in.an er _.enmbodi.ment .
o pur poses dopaiieetisRe (e ple it  BROR Bl R i) Sho PERIRE e
term " par af f cficlohdradieaes 1@-?&@@@&@&@@&1 BS-chclpdsddchdings; )antltbéng
paraffins, isoparaffins, and may include cyclic. al |§hat| C species

and El ends thlé%@liﬁ,ﬁlén?.mﬁyb@ég@ériﬁ%dﬁwmﬁ@hi 8l tyalpiiroiadans; KneAr-
roqui r enent s WebbREo eElitPiRlon MERRL, BickEh-0a LOnRe. SilFr

be realized uh@hyll hiytidass esycdialitaibrhal &cltaBslidaed nbfoaiche! badh as &-

useful as a NFPs can be utilized alone or adm xed with ot her NFPs
descri bed hemsihylens-nedernese olNB). OrrsoRrayl-Pe@ hnrbgnss t3-isgpropylidene-2-

[ 00133] The NEP,nm i t 40t fd_fy_ i L1LANRS

i nvention fr&M _rﬁ_’f:n ’gs g@‘;\ﬁ\ﬁ% |%H81#§E%eﬁgt%}$%§n§t@ %ﬁ%ﬁ%ﬁ?@%ﬁ#&g&’

W % i n anot harcyershedilitent-2-oaborhe) laid 2DvidykRHvryehe@not(VNB);  (e)
cycloalkenyl-substituted alkenes, such as allyl cyclohexene, vinyl cyclooctene,

allyl cyclodecene, vinyl cyclododecene. Examples also include dicyclopentadiene,



[ 00134] The NFP may al so be descri bed by any nunber of, or any

conbi nat i apo edo7opReanet ers descri bed herein. I n one enbofgifRionshdxers
Nl P of the present invention has a pour point of fromless than 0OC in
one enbodi ment, and | ess than -5C in another enbodi ment, and |ess
than -10C i n anot her enbodi nent, |ess tH&n -20C in yet anot her

enbodi nent, |ess than -40C in yet another enbodinent, |ess than -50C
in yet another enbodiment, and | ess than -60C in yet another

enbodi ment , dpbhepadmner tShasthylepo@-nobgreeneanotifer Sesthyidemenorhprene.
greater than_;200C in yet .anqther enbqdi erein _a.desi,

range nay in(ﬁxﬁﬁ@%ﬁnyc pp@lDﬂa 8r BGin "Eft%ﬁ'} eh%\iﬁ? Oﬂgénrille dwe ’4;31%%%&6]18’
point limt deseldpedaRgs eind. 5lvinRren@itbeehdrenFor e NDfoi@tidn and an
paraffin or other conpound having a pour point of |ess than -30C, _and
bet ween - 30C caamipledasian afisathegentnply fese terpalymes s4es dos pxamplanyeS-
of fromO0.5 tp,2 o 0C (ASTM D445). Most mineral oils, which
typically i ng{%ﬁa‘gﬁgrg%ﬁ?éémi eties and ot her functional groups, have
a pour point of from1l0C to -20C at the same viscosity range.

[ 00135] The NFP rr.af/ have a dielectric constant at 20C of less than 3.0
in one enbodiSperiglty Rbibdtess than 2.8 in anot her enbodinent, |ess than
2.5 in anot her enbodinent, and less than 2 3 in yet another

enbodi ment, and less than 2.1 in yet another enbodi ment Pol yet hyl ene
and pol ypropyb@pe eath ohawentditheitehd secoadarst eladtorhdr kdHa, spedialty afubbdr
J-east 2.3 (CRC HANDBOOK K CF CHEM STRY ANI:l)O PHYS|.CS (Lide, .ed., 82d

CRC Press 200pptaiting e pejerfanqiepahgoup syshseoitagiereesiiopiuts) rugpers (N3
0.1 to 3000 cot...at a : 2k 1 L0 anothgs;
enbodi nent, ?gdm?lrrﬂgm%%g%% ggcé)%%%éﬁegtéflgg% ng%?llglfﬂ%d g%b%ﬁl neélggt?,lbglglc?
from1l to 20QublSir cat hdR0@ donylysitrilacontest ofdidro dD ie 69 wiHnd one embbGinant,

mmy compr i se B TA0aP SBPeEePHs PRI RTRL A O30 o5 Pebe ) R
described hergihaiméd emgﬁéyvisﬁgﬂyfﬂagg%ﬂée%t_’agt@9@ﬂpoﬁ&ﬂ&diﬂem

anot her enbodi ment, and from 0.700 to O. g/cnB, and fromO0.750 to
0. 855 g/ cnB i(+4ntithiey ASTD MLean}, and debnt BB e (5 79Gmpten ewbodigrents Thase

anot her enbodi pent, and from 0,800, to 0,84 c in. yet, a

embodi ment , vﬁ’fg&éi; A% eSO @er%ga@dn%%?m%%%ﬂ?&%r g %ﬂfﬁ}sip@%@gé%‘ﬁ?%
gravity |im tppistitsanyadreweks SRes Cobeodiray il 141 -1 4i(Haghes G, MadGhev-glin,
The NFP has a boiling point of from 100C to 800C i n one enbodi nent,
and from 2003ne0l ¥BOEemmarsinl karmples of tiese synthstis Tbbers 25l inoths garsert

yet anot her e ' : r MQ evag ™
nmol ecul ar weilgﬁ?nq!(%gégosro Jl]egfthf:tetl's?d?et %9%8\8?97 no 8?in ,OHEVIC and
ﬁnmdi Eent’ asz(/es,E“l" t(Zaon nheaﬁemﬂ/ Mhi;sjtr)iﬁe,thY)amtEt@}quliEhﬁSﬁi Ne(Rolinzenid
}less than 5,000 g/nmol in yet_another enbodinent, and | e £+ 000
‘g/ mol in yet BWHEPheAmSHaY| #@Hﬁﬁonan@q:es“%gt @@A%OG gyﬁﬁ]ﬁ Py et and
anot her enbodj ANl t hin yet anot her

enbodi ment , g}‘]gEg?eat er(ﬁaﬁ}g‘?}ss 1%%58%%?’%%%§b?ﬂginot her enbodi ment,
wherein a desirable nol ecul ar wei ght range can be any conbi nati on of

an er nol ecul ar ight limt with any | ower | ecul ar wej ght..
| i )r/n ;J Iogescri b@%ﬁ%her eﬁ!g?%ﬁéﬁbﬂéﬁ%ﬁﬁés?%m‘f%IrTegaSHgIllJinsl\ﬁilgeﬁB?t_we of
pol yol ef ms of e gsﬁél?sa%n%ggﬂ%g&%éflrbgg%&b%ﬂ%ﬂ?f& %‘Pyrfaﬁéiéﬂ CRETE' &ibBELY

avai | abl e conpoun such 0 ca "I soparaffins”,
" pol yal phaol eButadiené-RAgEnitatedsty ok yiklice (BSBR( ar $ABYT othbenf a eagdymer of

These three classes qf..co unds can .be desciibhed as paratf.fi,ns ich
can incl ude b#"&%ﬂﬂ?@?ﬂmﬂ?fcﬂ?%}ﬁag‘ﬁ&e%‘fi St riesd aghdo {rgﬁ&gn ent of
t her eof . ThesgNf%o 28R ISIASRAUARRAAAR, BOTNKIS B)St&SintRofPlmbodiment,

paraffins in one enbodinent, and Cg to CLOO paraffins in another
enmbodi ment . | smpfomf 14 ws3( 007638] yeh enstbercahbadiments o Jhe afyremestondgnd of the

described as fablows These paraffins are desicably.isoparaf fing,. 1s

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

()

)



( C th " Avg SpeC|f|cu:,.r: c G.1lty (Wie3 - |ay6.

N se05| tWO@?O'tZ%"@ =", (cSt). . .1\ Saturates an‘%FTfUWW?"@s
cvwvayv oL |SODAR E 117-136 63 0 72 0.85 <0.01 | SOPAR G 161-176
-57 0.75 1.46 <0.01 | SOCPAR H 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, Akromn,

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 (1+4, 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
CoMPOSITES 1.41-1.49 (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, Akron, 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 crystallinity due to stercoregular propylene sequences.  The
semicrystalline polymer may comprise: (A) a propylene homopolymer in which
the stereoregularity 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
wi%. The diene may be any non-conjugated diene which is commonty used for
the vulcanization of ethylene propylene rubbers including, but not limited to,

ethylidene norbornene, vinyl norbornene, and dicyclopentadiene.

[6064] In one embodiment, the semicrystalline polymer is a random
copolymer of propylene and at least one comonomer selected from ethylene, Cq-
C;, 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 wt%, 5 wi%, 6 wi%, 8 wi%, or 10 wi% to an upper limit of 20 wt, 25
wit%, or 28 wi%. This embodiment may also include propylene-derived umits
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 wit%, 95 wt%, 94 wt%, 92 wi%, or 50
Wt%'. These percentages by weight are based on the total weight of the propylene

and ethylene-derived 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 caleulated according to the following equation:
Ethylene wt% = 82.585 -111.987X + 30.045 X2, wherein X is the ratio of the peak
height at 1155 om™ 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
J/g, to an upper limit of 50 J/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 8%.

[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
potat. 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

()

@,



-54 SHF-101 0.835 10.0 136 -54 SHF-403 0.850 40.0 152 -39 SHF-1003
0. 855 107 179 -33 Super Syn 2150 0.850 15Q 214 -42 Super Syn 2300 0. 852
300 235 -30 SuperSyn 21000

considered together 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, 20,000 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).

[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 (im/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” or “r”
describes the stereochemistry of pairs of contiguous propylene groups, “m”
referring to meso and “r” to racemic. An mvr 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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and 0.01% angehryl i STh® 84T esSicRf (#dd fraction) of a propylene copolymer can be
determined from a C NMR spectrum of the propylene copolymer and the following

formula:

Y

PPP(mm)
PPP(mm) + PPP(mr) + PPP(1r)

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:

CHs CHs CHs

|

PPP(mm): CH——CHy}—+CH——CHy }—CH ~——CH2)——

)
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U S. Patent No. 3,844,979, U S. Patent No. 3,852,405, and U S. Patent
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of- the hal ogenat ed el astoner_to form connl s whi ch hel p exfoli -
Che clay | o BaTAR Y et R, nd detesioraan drogies dPhdiader eropmiadign ()
secondary antggibhar VinaR 080 8MNOSBRIcARRLRY IoslyrdRe @6 Ybormibiciatiss

and thiols; and thelr pol y(Punctl onal versi‘ons. DesiTrable additives
i ncl ude: | ongwattatiler 4serVISTAMAMNTYS spedhitynselastomers (ExxonMobil Chemical

N, N- di net hyl - oct adecyl am ne, N- di -net hyl am ne, so.call gd
di hydr ogenat PRI ovafustAD: nﬁ%y@%ﬂw‘#ﬁha aﬁtgﬁ'teésr Pl P &' £6m
pol yt et r ahydr ; z ' Wothantatldisslf Ri@asmpounds such
as hexanet hylﬁe}ﬁéegsgégéﬁet%p?%sﬁggﬁ)f%e. [ 00169] I n ygt ot herqmé%bodi ment s,
nodi fyi ng agents include at | east one polyner chain conprising a
carbon chain Jgfn tg of i1{rom Cl15 to C500, wherein the polynmer chain

al so conpri se © % f unctional i zed group described by the

foll owi ng group pendant to the polynmer chain E 53 wherein each R

Rl and R2 are the same or different and independently selected from
hydr ogen, Cl Bes426 &t kydtherankwdasensy thaeldstomesigloonipositions Wey omppee at

alkyls, alke nl%gst Oorne afﬁgﬂlfopla%ic trgsinc.z Gl"haelrxlngp %&t{ccregllng %ﬂgfllbsle Ur S%a@ﬁées of %]e

present invention may be used singly or in combination and are resins containing

O

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



[ 00172] Exanpl es of some conmerci al products are Cloisites 1]or oduced by
. Sout hern VPR BY¥dcts, Inc. in Gunsalas, TX For exanplBET/E§28¢544p%8
NC, Coisite 30B, Cloisite 10A, Coisite 25A, Coisite 93A Coisite
20A, Coisite 15A, and Coisite 6A. They are al so avail able as

SOVASI F and LUCENTI TE cl ays produced by CO OP Chemical Co., LTD. In
Tokyo, Japan. For exanple, SOVASI FTm MAE, SOVASI FI m MEE, SOVASI FTm
MPE, SOMASI F 81@%@% ichO BEENG ENipsantihe resins are
LUCENTI TE( S AY[@S T eggﬁ)%/ﬁ%&o% lgfﬂay or l‘-e%%gdgal i%at gd clay

i ncor por at egrésent nethearamocorppssite deori 13 0atoc®? aabicel iet rAngrompRYIG redie

of the invention is sufficient, to deyelo n_inpravenent .in t

mechani cal PHR ?Iﬁsarﬁ'h?)%‘r @rﬁ)p?”%%éflta'gg@%{a%ﬂ%nﬁgﬁoaggﬁo gﬁ &0 Por
exanpl e, tengb I N[O BaIRE} EhYodiARRY MiSrediarie hdskit
w |l range %&mﬁof%aﬁg&%geﬁgﬁggnépgnbodi ment, and from1l 54 to 5
W % i n anot her levd of igreater thaved®utBrofithe npeiopmpesite ané greats thapet0 wite
nanoconposi te. reslg)e int parts per hundred rubber, the clay or
exfol i at ed dP&?/OI%E’gVDB dg‘?"ﬁ‘%ent from1 to 30 phi in one enbodinent,
and fromb5 to 20 phi in another enbodi ment. Crosslinking Agents,

Curatives, Cure Packages, and Curing Processes [00174]1n certain
embodi ment s,[0888k el Suitaie thameplagis iresinsninchig resias selerted dromdhe ZF9Hm

t hose conpositi.ons nmay £o i se d_w h i at
| east one cusigia B boRA R s SpBimERe PA BB ptlbliol] BoBktistles
crosslinl ci ng1aaaBhes, anghiodcetilsjer garyhnitfitcbaadiee-styremet heestisas t(ABS)) ¢
wconposition. As used herein, at |east one curative package refers to
any mat eri alpodyphenyleeepxiden 8@, (PIOlﬁﬂhﬁ%YIPIP%@“]@GPéEPﬁEOBQY&W@ et Jyrgne-
rubber as conunonl y. u S [ ' S : fve
package may %CWESW lea{r%gﬁén(ﬁ%%\g’ I"Sg’gé{{éeglﬁégggf&lﬁgn olr{;'%\?&s&%m?b%%%tgwe
or nore crossdljikéntg (PEEK] BERS sndPEXK) adl spixtswed thenedfhe el ast omeric
conpositions of the present invention, especially when silica is the
primary filler, or is present in conbination with another filler.
Crosslinkin CuUrd ' I h&c hide casdufat by
aci ds. Mor eg[B‘?éé}Per agblg/{;gbl'? %@%ﬁé&?hﬁ%@fﬁd@%?ﬂggé}ac% %%cti onal

or ganosi | aneresinoss| highi nplagknt weiht "solidapolyiresndndndisg| copolygeragamt

is any silane coupled filler and/or,crasslifsdcin ctivat.or .an I

si | ane rei nfi6ROLABCIS JEHPERATHH S BW%EIB%SW ethe %R%Fheé Cg?lfl‘ i%&?ﬁfl%sg,

but not |im Qf HeO re}.’;&ﬂé&lbﬁ bbBAAR%YG dFGne or more epsilon lactams such as
et a- net

vinyl-tris-( oxyet’hoxy) si | ane, ) ) .
net hacr yl oy| gapogigdtami petrblidipss. | lavie]laganmemsnimsopadisgnoie ladamo 2y §Mithe

(sold comerci.ally as A110Q by MLt co), . I P
gamaner capt%‘io‘ﬁ&ﬁ ??“@8?%%998&0 ?éil?‘lagl (%i%m%iydwecs)) Both s frming and
thereof In opgl@RbOostha®NhyloRy Saré 3silifabgi hoBxaiipiesr oy bydhe tpobgurliddsdere
(sald comercially as Si69 by Degussa) is enBJ oyed. [00176] Pf:r Xi fize)
cure syst enspadycapeglpgiamur e sy$edpa-Oay al s@olaugiastamss nylon-12),

[ 00178] Gener al.l Q r. bl , _ r e
tires, are cpggg%aﬁwg‘érq%%éaé{g%&ﬂ%n{)ﬁ%v%g%&ﬁ@ é%e§&n§§&§1ér¢§§%g§]@gglcﬂ%ﬁ
properties. §®)is known thablyheeaptiigieneiebamogds ties, per f omykone®10),
characteristics, and durabiljty of wvul canié}g r ybper conpounds ME f
directly rel pelsbexamethydensisepbthalamyidn @yignRo @lﬁﬁe SPRflepsAbion groduct o
crosslinks foynmed duri .he I LZahi on j10 of€ t
ot ai Mhe. PG it (R PPALERSH SBrantp R e s e
p 18-23 (19933lyamidel 1okpb&hily thost Bavihe a sofidning poinhbeberi764C) are described

vul cani zi ng agent_for di ene- contai ni el astonmers. |t_exisSLs

{honbi ¢ 8. Neibeh TNCHGLGRETA OB (PGS TRGRYRT P b Uoieh gy 2 Sons

vul cani zatio S SRS f cealRFRLRP TecRsidovaterqibe

sul fur, an a@?%a?@&%ﬁ%}a rétE?rIgedr% It’dé)Lh)E;we p&gontro thecrat egv’o%)

vul cani zat'i ons1 Atstel BlikyaksSaey V890)p and ADrENCHdLoPENSelF DOLAMER PEENCHT
AND TECHNOLOGY, p 392-414 (John Wiley & Sons 1969). Commercially

available thermoplastic polyamides may be advantageously used in the practice of



i nternedi ate which then reacts further to produce carbon-carbon
bonds. Zi Rgoh@jodmes S | i berated as a by-product and it SpEye8208508807s
autocatal yst for this reaction. [00183] Cenerally, polynmer blends nmay
be crosslinked by adding curative nol ecul es, for exanple sulfur,

metal oxi des, organonetal |ic conpounds, 2fadical initiators, etc.,

foll owed by heating. In particular, the follow ng netal oxides are
common curatives that will function in the present invention: ZnO
CaO, MyO, Al Z08,in@nfigy, W), limspogystallive melyantinsskavivesf & SEleningsPeiah obe

used al one or_in conjuynctio fof, ¢ : g netal fatty acid
conpl ex (e. g_n:}e%g{.nplét[%g‘éy%etng{éﬂcga&dgﬁpﬁéégéﬁ%?&%{aé_), or with the
organic and fatty aci ds added al one, such as stearic acid, and
optionally other curatives such as sulfur or_a sulfur coppound, an

al kyl per oxi d&008dnpousidtablii hermeniassic Rodyosiprs Which mayebe srplayed inclysjene
duct I'd by DuPont). (Sge.al s0, | at.i i d .Curing,

Char act or | ot PRUTST BRI dEBaRT 0gpS Sl D ABn gl o broftitio

(1993)). Thi soiRkMegyIRf acidy dshs 6f @dlyoridsssnduye bea aderiestdiod. Exdmpkes

often used for the vul cani zation of elastomer blends. [00184] The
accel er at i on o8f safipfcteny epqiyestas sinplyde cedypltiassd f-exelahisgylspe seng alkane

i nvention by i 0 Ltieon_ I -
R e S R s

vul cani zat i or fyoletenyiahe r ndipete);i pobl Ves oomahes] drtyelcherinedindsisylomsn
he curative, accelerator, actjvators, and polypners. |deall all of

t he avail abl elkenediearpexylaies sHely r?éomql}ﬁ(C%Snle41°és?lﬁg?E>ﬁaB?ﬁlmﬁ%B’|ﬂ?%}th{lﬁée and
crosslinks i J: Of e nmer, j1QS en e

overal | str\éwgfjﬁ(c%%zl’tﬁ ﬁ%g%g %%r natsﬁi&@ Ntﬁlrlrgdrﬂl‘%gg aglggej?’ergt@g%s rgj}glene
known in t he taephthsldiesncsustie ashepdipdthydemiergephshadatei andcim]ytetigpheihylene-

uani di ne (DPQ, tramet hyl t hi_ uram di f.i de MID),.4,.4: .
D o oo pﬁﬁ%eplﬁcﬁ e‘BaTBRkEY, oot @%%‘GIEWP}%%?‘%‘W shdnts %PBQBEWE’FB)S?PMMB
benzot hi azyl aﬂh%kﬁ&t@ﬁn&tﬂﬁz@—isoﬁﬁﬂ@lﬁﬁ? 4l ERembteSaltl Stibfepsul JodfeBters are
di sodi um salt dithydrate ('sold commercially as DURALI NKTM HTS by .=
Fl exsys), 2- rﬂaripecbu‘mnnammtibeiimb@iyéjzcﬂcéis@msa@maplm;lpmmcmrawéh%tp agistm

MOR and 10% MBTS ). N-tertiar t - .2z

sul f enar ni de HF¥BB§’}N,[¥§ag:g ﬂ}-o y%lic%t ﬁ@?ﬁgﬁrgﬁ%%l SCE%?%%]%%%%D%%P@P%V%%S
sul f onami de (t63EEkhalafel TeeRned Pylyckiersarilldtaee & Zfeting woisk ihithé pupeas160°C
57 O her Conponents [00185] The conpositions produced in accordance

with the presedé0iGvention typically contain other conponents and
addi tives customarily used in rubber m xes, such as effective anmounts
of other nondiscol ored and nondi scol oring processing aids, pignents,
ant i oxi dant s, jo@espl/ or PaR{pleagleas tether)PIRPER shsrmoplabiid 8618l whidk rofy be used
el-astomers nmay be reactor, bl ends and/or nelt mnixes. M xing.of theI
Eomponent s mep BEORKRES Gwit i J¥BHOR rth e A0y e efiyalable
filler and the clay | faflh | bRk BiG0NT AT AkFruted
m Xi ng devi cgﬁgﬁd}éﬁgggﬁgktg%gﬁg%ﬁgggﬁ %dhﬁ:ﬁﬁé%r bengerlTM I nt gr nal ©
m xer, BanburphBhbisnhenate ganeenllydinehr, tangdots pblymetsoravinga gleps transition
internal mxer with internmeshin LQrs,..0f~ pr feraglla a .

m xer/ extr udeﬁeﬁnpﬁﬁa“%r%é%ﬁli‘eql?é’gelé%o@ (?ﬁo tzl?ig Gr _tﬁﬁ/fﬁkp_ ﬁieés’ dasir sethed o
tenperat ures dl?‘@ Ao &gx%dﬁo@ oHP Wi JolhRtyiEH et dr BurRk Résclibed HEU.S. Patent
el ast omer and/ oF  Secon ary ‘rubber uséd’in the conposition in one
enbodi ment, fNom,383tAHp to 250C i n anot her enbodi nent, and from 100C
to 200C in yet another enbodi nent, under conditions of shear
sufficient to allowthe clay intercalate to exfoliate and becone

uni formy di S ped \Wihd) %&ﬂﬁof%ltw&ésiﬁso HRICH they NBAOGKMOREIe the
[00187] Typically, from 70%to 100% of the el astongér or elastoners is
first mxed fply@fbdmateomabrgsoafdbe polycsiensidesarived taboyresuchiaseseganine poly
from40C 10 7p e ThS Bhitidlates)y SolSeaptolaciine PoinhdlS: "SRAE" RAAMHA &
copolymers of styrene with less than 50 mol% of acrylonitrile (SAN) and resinous

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

()

)



butyl rubber corT7ponent from85 to 97 phi in one enbodinent, and from
.90 to 97 BRIZPHENGt her enbodi ment, and processing ai d JrE<ESROOF 583
to 30 phi, a flller such as a carbon bl ack from 20 to 100 pin, and an
exfoliating clay fromO0.5 to 20 59 phizgin one enbodi nent, and from 2
to 15 phi in another enbodi ment The cure agents such as phenolic

resins, sulfur, stearic acid, and zinc oxide, may be present fromO0.1

to 10 phi. [ i:g&ﬁ” PAER -
i nvention ca(r%%g%%g‘gqé Eﬁﬁ@gﬁe{)&ﬂ%ﬁgltoﬁioﬁaﬁ ubbg'ecr)g&gﬂé%? g:g F%gj ggsu
di scl osed hedlefins, in enpanttiodinhert & hemopyymst of prcms/iem!s deaiyid awitsydnshin

These ﬁgkﬁéé?éﬂéﬁgﬁ%aé‘%nﬁgﬁ Grodpih SoRp g Breskaentyais: B sflans defvea
envel opes, t E?ﬁ%}él&fesdeﬂv'c&%nﬂtg ngfd Wﬂﬁrm@}ﬂésti%' REYESs bRURRWASI N
ai r shocks), |ap as well as other applications where high air

or oxygenO rth¢emrtion is desirable. In one enbodi nent, the cured
conposition when forned into an article has a MOCON oxygen

transm ssion at 60C of about 40.0 ccnm nR-day-mHg, alternatively,
about 45.0 ofg %”th%bﬂﬂéﬁ%m@dhﬁéﬂiaﬂiw&i osﬁhﬁlﬁto{)@n;@ invention further
cc- nm nR- day- or alternatively, about % cc-mm n2-daynmHg in
anot her enbomimmeising a[IﬂGJthIE] ﬂhnnmiéa@mgﬁnm@&ﬂo re&ﬁfedw apatherapplesiic te

e B, o Al T GO LR

fitler, and JIMPQ:II onal i zed pol ynmeric processing aid having a nunber
aver age nol.ecular weight greater than 400, and at | east one cure
agent; and curing the comnbined conponents as descri bed above. 0
[00195]In ce n e di_nent. ?ﬁ i C; .C 0% NBY,
optionally c@‘?ﬁ |se[;fti)18 lte%?! é%m%ﬂone ' h flgrggé%(aa?rlp{eh?n@al Cl L(I);[ﬁ 2

carbonate, Chaynizaica pr@b!;s @avhish thecea;tge:menh@i-esm drict aamlmzhbwmmmer
starch, wood flower, carbon bl ack, or. m.xtures thereof Iea

one clay, foresauensized wasisr woRdIFPBHof digh ShFaronfs & Tasul ijdg%el V‘tﬂéamza
Vo1 1 conskol ! Qastb ABORISH G DEGIRY LioCairRBROR iRperSAUEAM furtiTBOAT tficro

kenyai te, stévensl verm cu oysi t al um nat e oxi des,
hydr ot al ci tegel'bmtmmcthelemmdnmgeeémnmnnx onal | y, treated with nodi fying

agents; 60 c) at |east one processing oil, for exanple, aromatic

oi I, naphthenic oil, paraffinic oil, or mxtures thereof; d) at |east
one processi @99 24l d, ﬁﬁfmﬁé‘%aﬁlzaﬁ&@% %Etedpﬁ)} )ﬂ%ﬂx@nﬂle ingredients at a
pol yal phaol ef i n" oi I S, m xtures thereof; e) | east one cure

package or cﬁan@t:rameawhmhas gitrort Hhwvel thst OWOE] t@m@mﬁnmﬂ g ¢lagomer in
undergone at 1 east QN8 B Q5P5d BRbOY Sk b ikt BIP AR, Wheaders or

{ mixing extruders, e.g., twin screw.extruders. The unique characteristic of the

G

dynamically cured compositions is that, notwithstanding the fact that the
elastomer component may be fully cured, the compositions can be processed and
reprocessed by conventional rubber processing techniques such as extrusiom,
injection molding, compression molding, etc. Scrap or flashing can be salvaged

and reprocessed.

[0093] Particularly preferred thermoplastic polymers useful in DVA's of this
invention include engineering resins selected from the group consisting of
polyamides, polycarbonates, polyesters, polysulfones, polylaciones, polyacetals,
acrylonitrile-butadiene-styrene  resins (ABS), polyphenyleneoxide (PPO),
polyphenylene sulfide (PPS), styrene-acrylonitrile resins (SAN), polyimides,



Oany conbi nation of a-e. [00196] The el astomeric conpositions as
descri bedvwabeooeotmys be used in the manufacture of air nepdr/asRDs/H44018
as innerliners and innertubes used in the production of tires.

Met hods and equi prent 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 , 1 S.
Patent No. Gipezs Balic @lrsdriﬁ@fﬁ‘é\%)mpmetl%(zlyg%f%l?e@%ﬂg&%gﬁ?@n&% BKK)
6, 799,618, U_S._Patent, No.. 6 48, Pat: 1096, , mbkeS.
at ont No. GUETAPINES Gf. pRiEiheA theiietg RIS ecfblyhufep, HbE mytc>
6, 538, 066) . };EBﬂnieﬂ\fiﬁﬂf'él@iﬂeé srd@ylobi &idnddnglonatly Faefeiably dhe woginoeting
manufacture for articles such as inpnerliners or, tires. INRH&T%{ALG

APPLI CABI LI Trosing 1] Srriebly beshraveet it 2w saBg: Enging o pheti vent’ B
may be ext rudeg 8 oRELasH e 20TRlod6n b0 MalRbe thayi B fieldh &R biRfint

and | ani nat eIt O vari ous S apéd articles 1ncluding Tibers, filns,
| ami nat es, |ayging.frinddbstt2ital90pets, prafuchlyaomudboniod to/4) Wit Based on the

[i h , ts, d kaging. [.001981I n.
e o g oS IEL RO o, RS, b A ip e,
variety of t#é;lgglgpgfst)&gédig@gid%ﬂgfglga@%é{egﬁk tires, bus tires,

aut onobil e t not orcycle ti -road tires, and aircraft
tires. The el astoneric conpositions may either be fabricated into a
finished article or a conpopent, of .a finished artjcle suc n
innerliner P4 tirg. arnere eficleénl?f’éiynﬁrg L}EFeE{aé G oty g?gaﬁr from
barriers, ai -od-k dryers (pige@b@yers aog(iesbutylenc-co-p-
bolfREBHANER- o bikfBeyraiyer s ( Bramaabigyer s pol

mul til ayers) I ners, ihnértubes, sidewal t reads, _bl adders
and envel opemetty0agesd) n belogemated ap ppivéisehuyiene-pe-alkylbirenmdy | oreferably

conposi tions be e d.i.n_air _cushj n | hi-NGS I

bl | ovs,  hos BAoerRg AP AL g Gt Y P Fers B ST B o 20 MRl
aut onot i ve bghihsenatQ0220b:EhensdaheylusBber, butyl Fablsiedhalogdmetedpianylsribhet,
find wide applications in autonobile suspension, bug’g}?e;é%%aut 0 exhaust

hangers, andahbayxmmsribereof. ob&@h@@@%ﬁ%ﬁ@ﬂ?dﬂ?@ PRAFY GOMPIISES
conposi ti O”Sgnajané;b?f ﬁ%g;oeergggg &ﬁm%ggtsﬁ ¥gs, caul ks, sealants, and

gl azi ng conp are al so us as plasticizers in rubber
formul ati ons; as conponents to conpositions that are manufactured
into stretch-wap filns; as dispersants for. Iggr}cant&; and

potting and 1083t rickke glstomer ey Ry Bregest i“f%‘tIJc > & aﬁ@fﬁ'ﬁfl?ﬁ)%‘gﬂmg a
appl i cati ons Ta&a%@eﬁsﬁlaﬁ@ qgﬁjd f&)uh(ﬂ{ ofb ASAIBLESR, GRRPBI fol S0LRfint difsther
invention aré so useful T1n chew ng-gum as well as in nedical .
appl i cat i ons estbotimmt phan mpde dOiphalin stahgemsbaiidens) astifren, uicioald plysn
f-or nedical devices, an he arts for int rollers. .[00203] We
nunerical | owst 2PPRFE MRS rﬁ‘c%‘?(% ﬂ% _‘?I?I?ﬁdf%e%r éﬁq F%ftgif‘eﬁelgaéf ke
ranges from é’se+1p i 1BAsk 2&%9&3& HOREL: 1basist plrif eemkesRbadiatnt, £d
EXAMPLES Physi ca est Methods 1002041Test nethods are sumari zed in
Tabl e |. 100705} Gulersph qrherin ives anather evbmiiment, aad figmn aVorstobphigyet
0.5 degree ara%ot rer embodiment. A desirable embodiment may include any combination of

any upper phr limit and any lower phr limit.

[0096] In other embodiments, the elastomer, either individually or as a blend
(i.e., reactor blends, physical blends such as by melt mixing) of elastomers 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

Q)

()



ODR 2000 and 3 degree arc at the indicated tenperature. Test

. speci rrensw\ﬂe?t‘)87/9:783@d at the indicated tenperature, typi BETYSHPIHHEITS
150C to 160C, for a tine corresponding to t90 + appropriate nold | ag.
The val ues "MH' and "M." used here andsghroughout the description
refer to "maxi mum torque” and "m ni numtorque”, respectively. The
"M5" value is the Mooney scorch value, the "M (1+4)" value is the
Mooney Vi SCQg| i L8 ke BRSAL Blinh

0. 65 l\/boney%\% g%%e\sfi %ﬁ%%’?g‘?&r{?gﬁ \?g%%)eng %qﬁor?)"ﬂﬂgrlgwgure ti ‘r%eﬁ% ?lr%&t’
m nut es, andhé tisdsen enswdiméntt depetiding uppm dhee desifed0avichsshanpliogss of tie
standard ASTM test.s were used to determ ne the cured conpound

physi cal pr SBEPPFEER(see Table 1). Stress/strain properties (tensile
strength, elongation at break, nodul us values, energy to break) were
measured at roomtenperature using an Instron 4202 or an Instron
Series | X Agtoorat edThatedasiethericT esmpogiti@ss meph @s@3008in Abdedst @ne other

Shapec) i GEHBEIRS FECHELN LBITE Tt ST BRI Y 10 FORBRe
(2.5 cm | engihokbehweamisionolyales. were used. The thickness of the

speci nens varied and was neasured manually by Mtutoyo Digimtic
I ndi cator 63 connected to the system conputer. The speci nens were

pull ed at a crosshead speed of .20 inch in, (- i :
stress/ st rai[wgg]at a &bge 5@&8(“3’88@%%&écgg’llhg%eap?%?%bslg’/ S reg%fsﬁon\?/é;?blgééag

at -l east t hiRSpREESd ABAS idventiel 64 Bllinehl@ubstigifallyAteat, Blotensi beamched.
strength nmeasurenents is 0.47 MPa units. The en-or (2a) in neasuring

100% Modulus is 0.11 MPa units; the error (2a) in neasuring

El ongati on eak % uni e h S Hﬁﬁ?%&%ﬂh&t
room t enper @ﬁ?é byThgf%éggn%&?é&§¥ﬁ§%§%iF@y ?@gggg?QXyggn

per neabi | i t yowponaRass dedustsi ng greal@etilQelsarenindey b2 bphomlyrarddip
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embodiment. The average molecular weight of useful plastomers ranges from
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10,000 to 800,000 in one embodiment, and from 20,000 to 700,000 in another
embodiment. The 1% secant flexural modulus (ASTM D790) of useful
plastomers ranges from 10 MPa to 150 MPa in one embodiment, and from 20
MPa to 100 MPa in another embodiment. Further, the plastomer that is useful in
compositions of the present invention has a melting temperature (Tm) of from
50°C to 62°C (first melt peak) and from 65°C to 85°C (second melt peak) in one
embodiment, and from 52°C to 60°C (first melt peak) and from 70°C to 80°C
(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 units 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 glem®
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 wt% of the plastomer, and having a density of 0.882

g/om?® and MI of 1.0 dg/min (ExxonMobil Chemical Company, Houston, TX).
Processing Aids

Functionalized Polymer

[00103] 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.

)
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[00104] The 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 Jeast 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,

4 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.
100106] In an embodiment, the functionalized polymer comprises Co-Cya g-olefin
derived units.
[00107] In another embodiment, the functionalized polymer comprises Ca-Cyo
isoolefin derived units.
(00108] In yet another embodiment, the functionalized polymer comprises
- 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-pentenedioic anhydrides, and mixtures thereof.

lustrative examples may be represented by the general formulas:
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[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.

e [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%.

[oo114]  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
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and the NFP polyi sobufyl ene processing aid, Control 2, were simlarly

prepared as conparati ve exanpl es. Fornul ations are shown in Table 3.
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20 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 ¢St 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

()
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is greater than 35 oSt at 100°C in yet another embodiment, and greater than 100

cSt at 100°C in yet another embodiment.

[00119]  The elastomeric composition comprises or is prepared with from 1 to
60 phr in one embodiment, from 2 to 40 phr in another embodiment, from 3 to 35
phr in another embodiment, from 4 to 30 phr in yet another embodiment, from 2
to 10 phr in yet another embodiment, from 3 to 25 phr in yet another embodiment,
and from 2 to 20 phr in yet another embodiment of the processing aid as described
above, wherein a desirable range of processing aid may be any upper phr Hmit

o combined with any lower phr limit described herein.

A7

[00120] In an embodiment, the processing aid or elastomeric composition does

not contain aromatic groups or unsaturation.

[00121] In another embodiment, the processing aid or elastomeric composition
is free or substantially free of or may have only contamination levels 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

[60123]  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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[00124]  In one embodiment of the invention, the polybutene processing oil is 2

P

copolymer of at least isobutylene derived units, 1-butene derived units, and 2- (W
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 wi% of the copolymer, the 1-butene derived units are from 0 to

40 wit% of the copolymer, and the 2-butene derived units are from 0 to 40 wi% 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 wt% of the copolymer, the 1-butene derived units are from 2 to 40 wt% of the
copolymer, and the 2-butene derived units are from 0 to 30 wi% 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 wt% of the copolymer, the

x ' 1-butene derived units are from 2 to 40 wt% of the copolymer, and the 2-butene C )
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 wi% of the
homopolymer or copolymer, and the 1-butene derived units are from 0 to 35 wt%

of the copolyme:.

[00125]  Polybutene processing oils useful in the invention typically have a
number average molecular weight (Mn) 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,
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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 of the polybutene of the
invention, the polybutene has 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. Useful viscosities of the polybutene processing oil ranges
from 10 to 6000 ¢St (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 ¢St at 100°C in yet another

embodiment.

[00126] Comimercial examples of such a processing oil are the PARAPOL™
Series of processing oils (ExxonMobil Chemical Company, Houston, TX), such as
PARAPOL™ 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 inmvention. 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.

[06127]  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.
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Properties of individual PARAPOL™ Processing Aids

% Grade [:i% . Mnd e vléCOSit)T @IGOOC,BSt“
450 420 10.6
700 700 78
950 950 230
1300 1300 630
2400 2350 3200
2500 2700 4400

[00128] 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™ ojls 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, eic.) 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

unsaturation.

[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 unsaturation, 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 wt% by weight of the NF¥P in one
embodiment, and less than 1 wi% in another embodiment, and less than 0.5 wt%
in yet another embodiment.
\ .

[00132] Tn one embodiment, the NFP consists of Cg 10 Cago paraffins, and Cg to
Cigo paraffing in another embodiment. In another embodiment, the NFP consists
essentially of Cg to Cago paraffins, and consists essentially of Cg to Cipo 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. It will be realized that the classes of materials described
herein that are useful 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 wi% in
another embodiment, and from 1 to 20 wt% in yet another embodiment, and from
2 to 10 wit% in yet another embodiment, wherein a desirable range may comprise

any upper wit% limit with any lower wt% limit described herein.

77
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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
invent‘ion 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 moieties 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 embodimerit. 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 yet
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/em® in one embodiment, and less than 0.910 g/em® in another

()
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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 Iimit described herein.

[00138] A compound suitable as an NFP for polyolefins of the present
invention méy 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 paraffing which

can include branched, cyclic, and normal structures, and blends thereof. These

NFPs can be described as comprising Cg to Cago paraffins in one embodiment, and

Cs to Cyop 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 Cyp alkyl
branching along at least a portion of each paraffin chain. The C¢ to Cygp paraffins
may comprise Cs to Cos isoparaffins in one embodiment, and Cg to Cy

isoparaffins in another embodiment.



100 100 Carbon Bl ack, N660 60 60 60 Clay, Coisite 20A 0 5 5

Pr ocessi ngyv@bo7o@mksol 810 8 PI B, TPC 5230 8 PIBSA 5pcr/iR2005044368
4 4 4 Strul ctol 40MS

45

[00140]  More particularly, the isoparaffins are saturated aliphatic hydrocarbons
whose molecules have at least one carbon atom bonded to at least three other
carbon atoms or at least one side chain (i.e., a molecule having one or more
tertiary or quaternary carbon atoms), and preferably wherein the total number of
carbon atorns 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 isoparaffins 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 cSt at 2S°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. 3,818,105
and U.S. Patent No. 3,439,088, and sold commercially as ISOPAR™ series of

isoparaffins.

ISOPAR Series Isoparaffins

Na;r_;z s . |iaDistillation: - 5311; ' Avg Spemﬁcil wal s;c;iléy @ . “1 ‘Saturates and ~
PSR 00y | - ey | Cravity (tm’): | (s : .., | ATomatics, (W%}
JISCPARE 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 1.95 <0.01
ISOPAR M 223-254 -57 0.79 3.8 <0.01
ISOPARV | 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

(0

)
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Property Corwgight 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 paraffins suitable as the NFP of the invention also include so called
polyalphaolefins (PAOs), which are described as follows. The PAOs useful in the
present imvention comprise Cg to Cogo paraffins, and Cig to Cygp n-paraffing in another
embodiment. The PAOs are dimers, trimers, tetramers, pentamers, etc. of C4 to Cja
ccolefins in one embodiment, and C; to C;» c-olefins in another embodiment.
Suitable olefins include 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene,
1-decene, 1-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 PAOs are described more particularly in, for example, U.S. Patent No.

5,171,908, and U.S, Patent No. 5,783,531 and in



Control 5 Expt 6 MDR @60,0.5 deg arc m, dNm1l1l.3 1.4 1.3 nh,
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SYNTHETIC LUBRICANTS AND HIGH-PERFORMANCE FUNCTIONAL FLUIDS, P 1-52
(Rudnick & Shubkin, ed. Marcel Dekker, Inc. 1999).

[00144] The PAOs of the present invention possess a weight average molecular
weight of from 100 to 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 Polyalphaolefins

PAO ( gfi}ﬁ lflig -grla; ’gZC} Viscosity @ 100°C, ¢St | VI | Pour Point, °C
SHF-20 0.798 1.68 - -63
SHF-21 (.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 3,060 388 -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 plasticizers,

tackifiers, extenders, chemical conditioners, homogenizing



53.1 52.8 50.1 Mooney Scorch @35C, t5 12.7 16.0 18.0 Shore A
Hardness 43.3 49.1 47.9 Stress/Strain  45100% Modul us, MPa 0.90 1.18
1.04 300% Modul us, MPa 2.76 3.59 2.82 Tensile strength, MPa 8.6 9.6
8.9

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

resing, and rosins.

[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, II or III by the American Petroleum Institute (API). 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 IIT are the High Viscosity Index and Very High Viscosity
Index mineral oils. They are hydroprocessed mineral oils. The Group III 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 wt%, saturates levels of 60 to 80 % and a viscosity

index of about 90;

[(00150] Group II - mildly hydrocracked mineral oils with conventional solvent
extraction of aromatics, solvent dewaxing, and more severe hydrofining to reduce
sulfur levels to less than or equal to 0.03 wt% 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

[00151] 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 V1 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 pm. 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 similar methods and having a surface area,
including untreated, precipitated silica, crystalline silica, colloidal silica, aluminum or

calcium silicates, and fumed silica.

[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 treads 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 NI110 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,
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[00157]  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.

f‘”m‘z

[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, Tilustrations of such methods are demonstrated in the Example

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

L7

[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
"smectite" 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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U.S. Patent No. 3,844,979, U.S. Patent No. 3,852,405, and U.S. Patent No. 3,855,147.

[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, and
stevensite, as well as vermiculite, halloysite, aluminate oxides, and hydrotalcite,

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 ammonium, 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 R2R3R4N, wherein Rz, RS, and R* are C; to Csp alkyls or
alkenes in one embodiment, C; to Cy 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 Cao alkyl or alkene.
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[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 amine-terminated polytetrahydrofuran;
long-chain thiol and thiosulfate compounds such as hexamethylene sodium

thiosulfate.

(00169} In yet other embodiments, modifying agents include at least one polymer
chain comprising a carbon chain length of from Css to Csy, wherein the polymer
chain also comprises an ammonium-functionalized group described by the following

group pendant to the polymer chain E:

E

Nt—R?
x
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wherein each R, R' and R? are the same or different and independently selected
from hydrogen, C; to Cyz¢ alkyl, alkenes or aryls, substituted C; to Cyg alkyls,
alkenes or aryls, C; to Cys aliphatic alcohols or ethers, C; to Cyg carboxylic acids,
nitriles, ethoxylated amines, acrylates and esters; and wherein X is a counterion of

ammonium such as Br', Cl” or PFg".

[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.

[00172] Examples of some commercial products are Cloisites produced by
Southern Clay Products, Inc, in Gunsalas, TX. For example, Cloisite Na*, Cloisite
30B, Cleoisite 10A, Cloisite 25A, Cloisite 93A, Cloisite 204, Cloisite 15A, 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 nenocomposite, 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 wt% 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 include
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 A1100 by Witco), gamma-
mercaptopropyltrimethoxysilane (A189 by Witco), and mixtures thereof. In one
embodiment, bis-(3-triethoxysilypropyl)tetrasulfide (sold commercially as Si69 by
Degussa) is employed.

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

[00177] Heat or radiation-induced crosslinking of polymers may be used.



10.2 11.5 10.8 MOCON Air Permeability cc-nm (nmR2-daymmtHg) 70.0 53.5
55.5 ARES @0C, 10Hz, 2% Strain G, MRa 2.88 3.03 2.86 G', Mra
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[00178] Generally, polymer blends, for example, 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 Vulcanization

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 control 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.

[00180] 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, and xanthates.

[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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C osite 25A followed by heating. In particular, the foHowmg metal oxides are common curatives
that will function in the present invention: ZnO, CaO, MgO, ALOs, CrOs, FeO, FeyOs,
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 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 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 the following: stearic acid,
diphenyl guanidine (DPG), tetramethylthiuram disulfide (TMTD), 44"
dithiodimorpholine (DTDM), tetrabutylthiuram disulfide (TBTD), benzothiazyl
disulfide (MBTS), hexamethylene-1,6-bisthiosulfate disodium salt dihydrate (sold
commercially as DURALINK™ HTS by Flexsys), 2-morpholinothic 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), zinc 2-ethyl hexanoate (ZEH), and "thioureas”.
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Other Components

[00185]  The compositions produced in accordance with the present invention
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 mi};:ing 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.

[00189] 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 halogenated
£ poly(isobutylene-co-p-methylstyrene), butyl rubber, or halogenated star-branched
e butyl rubber (HSBB) either alone, or some combination with one another, with the

processing aid being present from 3 to 30 phr in one embodiment.

(00150} 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-
mm/mz-day-nuan, alternatively, about 45.0 ce-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 C; 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.

AT

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

a) at least one filler, for example, calcium carbonate, clay, mica, silica,
silicates, talc, titantum 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, vermiculite, halloysite, aluminate
oxides, hj-/drotalcite, or mixtures thereof, optionally, treated with

modifying agents;

()

)



ts2: mn.

4.9 4.7 5.1 11.8 t50, mn. 85 9.8 10.0 16.0 t90, mn. 12.9

18.1 17.8 20.6 Mooney Viscosity, M(1+4)@100C 56.0 54.9 59.3 55.6
Mooney Scorch @35C, T5 20.9 6.3 6.8 Hardness, Shore A 54.7

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

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

e) 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.8. 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, and packaging.

[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, and aircraft tires. 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



55.3 55.3 58.3 Hardness, Shore A aged 72hr @25C 61.7 58.5 53.9 58.7
Stress/ Strain 100% Modul us, MPa 1.22%,1.34 1.48 1.32 300% Modul us,
MPa 3.52 3.96 4.20 3.18 Tensile strength, MPa 9.02 10.29 10.73

air barriers, air membranes, films, layers (microlayers and/or multilayers), innerliners,

innertubes, sidewalls, treads, bladders, and envelopes.

[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.

[06201] 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.

[60202] 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] When numerical lower limits and numerical upper limits are listed herein,

ranges from any lower limit to any upper limit are contemplated.
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5.51 Tensile strength, MPa

EXAMPLES

Physical Test Methods

[00204) Test methods are summarized in Table 1.

[00205] 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.

[00206] When possible, standard ASTM tests were used to determine the cured
compound physical properties (see Table 1). Stress/strain properties (tensile strength,
clongation at break, modulus values, energy to break) were measured at room
temperature using an Instron 4202 or an Instron Series [X 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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MPa 11.56 13.50 14.16 14.24 MQYON Air Penneability
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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 (2¢) 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.

[06207] 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 cc—mm/mz—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
1s 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 to a sensor which

measures the oxygen diffusion rate.

[00208] 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 (x10%) units.

[00209] In one embodiment, the composition has a MOCON at 60°C of less than
56.0 x 10® cc-mm/m’-day-mmHg.

[00210] In another embodiment, the composition has a MOCON at 60°C of less

than 50.0 x 10”® co-mny/m?-day-mmHg.
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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

Parameter Units Test
Mocney Viscosity (polymer) ML 1+8, 125°C, MU ASTM D1646
Mooney Viscosity (composition) ML 1+4, 100°C, MU ASTM D1646
Green Strength (100% Modulus) PSI ASTM D412
MOCON (@ 60°C) cc~mm/m2-day-mmHg See text
Air Permeability (@ 65°C) (cm3-cm/cm28—5ec—atm) See text
x10
Brittleness °C ASTM D746
Mooney Scorch Time T5, 125°C, minutes ASTM D1646
Oscillating Disk Rheometer {(ODR) @ 160° C, +
3arc
Moving Die Rheometer (MDR) @160° C, + 0.5 ASTM D2084
e ML deciNewton.meter
MH dNewton.m
52 minutes
50 minutes
{00 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 to Break Nimm (I}
Hot Alr 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 (I}
DeMattia Flex mm @ kilocycles ASTM Dg13
modified
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. Brief Description | - Commercial Source
Bromobutyl 2222 Brominated ExxonMobil Chemical
Poly(isobutylene-co- Company (Houston, TX)
isoprene), Mooney
Viscosity (148, 125°C) of
from 27-37 MU
Bromobutyl-6222 Brominated butyl rubber ExxonMobil Chemical
with styrene block Company (Houston, TX)}
copolymer
EXXPRO™ (1-5 10 wt% PMS, 0.85 mol% | ExxonMobil Chemical
BrPMS, Mooney viscosity | Company (Houston, TX)
of 455 MU (148, 125°C)
N660 Carbon black Sid Richardson Carbon
Company (Fort Worth, TX)
CLOISITE™Z20A. Dimethylditallowammoni | Southern Clay Products
um chloride modified (Gonzalez, TX)
montmorillonite clay
CALSOL™ 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)
PARAPQL™ C,4 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 -
L 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)
resins
KADOX™ 811 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 (Norwallk,
disulfide CT) or Elastochem
(Chardon, OH)
MAGLITE-K™ Magnesium Oxide C.P. Hall Co. (Stow, OH)

ggn'%(r)old 15 EXpt_ 1_6 EX)2(pr0 MDX 01-5 100 100 100 Carbon Bl ack, N660 60
a ife 20A 0 5 5 Processing G, Cal |
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TABLE 2. Various Components in the Compositions

Component -

()



4 4 4 Struktol 40Ms 7 7 7 Stearic acid 1 1 1 Zinc Oxide, Kadox 911 1

1 Sulfur 0.5 0.5 0.5 MBTS 1.25 1.25 1.73 [002221Results of cure and
cured physical property testing indicate that use of PIBSA (Expt 16)

mai ntai ns the reduced MOCON Air Perneability obtained when using a
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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) 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 resing (Struktol 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, Control 2, were similarly prepared as

comparative examples. Formulations are shown in Table 3.



76 Table 12. Properties of
Br om nat ed-i sobut yl ene- co- par a- met hyl st ygwene Rubber |nnerliner Test
Fornmul ati ons. Property Control 14 Control 15 Expt 16 MDR @60, 0.5 deg

arc m
12.7 t50, mn.

dNNm1l.7 2.2 1.9 mh, dNm6.4 6.5 5.9 ts2, mn.

5.0 8.8

5.4 QTKB%,%,‘ 4 Bromobutyl Rubber Innerliner Test Formulations.

Ingredient Control 1 | Control 2 | Expt 3
BIIR 2222 100 100 100
NR, SMR 20
Carbon Black, N660 60 60 60
SP-1068 4
Struktol 40MS
Processing OQil, Calsol 810
Polybutene, Parapol 950 8
Functionalized Polybutene, PIBSA C-9220 8
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

[00214] 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 NFP (Control 2) and a
higher ts2 cure time value 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.



t90, min. 8.4 16.3 18.0 Mooney Viscosity, M/(1+4) @00C 63.6 69.4 63.0
Mooney Scorch @35C, t5 13.8 6.1 49.2 Shgre A Hardness 49.5 51.5 52.7
Stress/ Strain 100% Mbdul us, MPa 1.51 2.62 1.97 300% Modul us, MPa
4.63 7.62

TABLE 4. Properties of Bromobutyl Rubber Innerliner Test Formulations.

Properties Control 1 | Control 2 | Expt 3
MDR @160C, 0.5 arc
mh-ml 3.61 3.03 2.97
ts2, minutes 4.97 4.90 575
50, minutes 4.59 3.86 4.34
100, minutes 10.32 7.97 12.40
Viscosity 1+4 (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
Aged 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, % 368 876 847
Energy to break, N/mm 12.48 12.33 9.77
Aged Siress / 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 kcycles, mm 11.8 5.8 3.1
Aged DeMattia Flex (72 hr @125C)
Crack Growth @1741 keycles, 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
cermny/(m2«day*mmHg)

[00215] The functionalized polymer polyisobutylene succinic anhydride (PIBSA,
Expt 6) was incorporated into a bromobutyl 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.



5.52 Tensile strength, MPa 9.7 12.0 10.4 El ongation at break, % 817
586 769 Energy to break, MPa 13.9 12.8 14.6 MOCON Air Permeability
ccmm (nmR-daymHg) 56.2 42.0 42.7 ARES @0C, 10Hz, 2% Strain G,

MPa 2. 77

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.

Compound Control 4 | Control 5 | Expt 6
BIIR 2222 100 100 100
Carbon Black, N660 60 60 60
Clay, Cloisite 20A 0 S 5
Processing Oil, Calsol 310

PIB, TPC 5230 8

PIBSA 55 8
SP-1068 4 4 4
Struktol 40M3 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

[00216] Results of cure and cured physical property testing indicate that use of the
functionalized polymer PIBSA (Expt 6) maintains the reduced MOCON Air
Permeability obtained when using a PIB NFP processing aid (Control 5) in place of
the naphthenic processing oil (Control 4) in the tire innerliner formulation. Expt 6 has
a higher Mooney scorch value compared 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.



2.87 3.33 G', MPa 0.37 0.38 0.54 G, MPa 2.79 2.89 3.38 Tangent delta

0.134 0.131 0. 161

succi ni ¢ anhydri de (PIBSA, Expt 19) was incorporated into a
brom nat ed i sobut yl ene-co- par a- net hyl styrene rubber tire innerliner

[002231The finttional4yzed pol ymer polyi sobutyl ene

[ I ] . ' | ngredi ept s ee
Tabl e 2) by mxi aib h o et 8 B L P L PO S G
m xing cycle. The first m Xing,skep used a| o400 dnx8’s |(Rhqut 450 Ib
batc_h _si ze) a_nd | astiet—=2 [{idl 5. car pom D d.(,iK, TDAE o T —11068
tackifier resin and i@%«@—@—ﬁéﬁ%@ S ere—autopati-call-y—wei-ghed—t
appropriate batch amounts and directm:dNmected it d4 he nixer at the
appropriate tinme and/or tenperature. milsnsecond sftags was 48 xed in K
160 internal mxer (labout 150 |b batch siZE) -4 £0onpoynds Wt la TDAE
processing oil (Control's I7 and 18) ere 17 miaré'4y re'ared as
conparative exanpl es—foer—Experi-rental—t3 " Feorkii aﬁ—n—eﬁs—a%éis‘hom I n
Tabl e 13. TABLE 13. Bromi nated-isobut$f8hel cd9paria- hdt hyl dt-yrlene
Rubber | nnerliner TeasYookarizsbsity,iMIAs-4@MOBLIN s€ont|r obk2.47 [{Comt rjol 18
Expt 19 Exxpro MDX QliRmey Scorch @135C, t5 12.7 16.0 18.0
Shore A Hardness 433 49.1 47.9
Stress/Strain
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
cesmm/(m2+day-mmig) 69.0 53.3 58.5
ARES @60C, 10Hz, 2% Strain
G',MPa | 280 3.01 2.81
G",MPa | 048 0.63 0.60
G* MPa | 284 3.07 2.87
Tangent delta 0.173 0.210 0.212

[00217] 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.



100 100 100 Carbon Bl ack,
TDAE 8 8 PIBSA

Processing QG |,
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[00218]

N660 60:60 60 d ay,
8 SP-1Q68 4 4 4 Strulctol

Cloisite 2000 5 5

Compound Control 7 | Control 8 | Expt 9
SBB 6222 100 100 100
Carbon Black, N660 60 60 60
Clay, Cloisite 20A 0 5 5
Processing Oil, Calsol 810
PIB, TPC 5230 8
PIBSA 55 8
SP-1068 4 4 4
Struktol 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

40M5 7 7

TABLE 7. Star-Branched Bromobutyl Rubber Innerliner Test Formulations.

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

PIBSA (Expt 9) maintains the reduced MOCON Air Permeability obtained when

using a PIB NFP processing aid (Control 8) in the tire innerliner formulation

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.



Stearic acid 1 1 1 Zinc Oxide, Kadox: 911 1 1 Sulfur 0.5 0.5 0.5 MBTS
1.25 1.25 1.25 [00224] Results of cure apd cured physical property
testing indicate that use of PIBSA (Expt 19) affords reduced MOCON
Air Perneability and Aged MOCON Air Perneability values conpared to

when using a TD r sing_oi ntrols.17 an 8).in the tire
Mneriines for miPEDR PrepBfesd SHEBEt R R RO Fibot i ot 55
conpared to that of the TDAE processidiguitibné Controls 17 and 18),

whi ch can all ow for easier processing in downstreamtire
manuf acturing steps. Expt 19 has a higher Fatigue to failure val ue

conpared to that of |the TDAE gape®essSi Ng 0i | Ceneat i @nso1 371 mpd [18) .
O her cure and cured W@I‘l&f"ibs ng%%el’t Ies afe nal ntal ned,| Tablle 14.
78 Tabl e 14. Proper ties of
Br omi nat ed- i sobut y| éne-co-para-methyPs@irbne Ribher WnngrtliZndr Test
Formul ations. Control 17 ..., Contrtbl$8m 4.2 5.2 3.8
ts2, min, 6.2 8.1 8.9
t50, min. 4.9 7.8 6.3
90, min. 11.0 13.8 11.7
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 9.4 8.2
Elongation at break, % 824 759 852
Energy to break, MPa 10.2 11.5 16.8
MOCON Air Permeability
cermm/{m2-day-mmHg) 70.0 53.5 55.5
ARES @60C, 10Hz, 2% Strain
G, MPa 2.88 3.03 2.86
G", MPa 0.46 0.57 0.60
G*, MPa 2.91 3.09 2.92
Tangent delta |  0.158 0.188 0.211

[00219] 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.



&it 19, 68.8 Money Viscosity M (1+4) @00C 70.1 77.0 G een
Strength, peak load (N) 15.32 23.31 17.93 G een Strength, Tine to T75
(mn) 5.39 9.35 3.26 Cure, MDR @ 160C m, dN.m1.57 1.91 1.77 mh,
dN.m 6. 77 6.62 6.15 ts2, mn.

TABLE 9. Brominated-isobutylene-co-para-methylstyrene

Rubber Innerliner Test Formulations.

Ingredient Control 10 | Control 11 | Control 12 | Expt 13
Exxpro MDX 89-1 100 100 100 100
Carbon Black, N660 60 55 55 35
Closite 25A 4 4 4
Carbon Black, N660 15 15 15 13
SP-1068 4 4 4
Struktol 40MS 7 7 7
Stearic acid 1 1 1 1
Processing Qil, Calsol 8§10 8 3
PIB, Parapol 1300 8
Functionalized PIB, PIBSA C9220 8
Zinc Oxide, Kadox 911 1 1 1 1
Sulfur 0.5 0.5 0.5 0.5
MBTS 1.25 1.25 1.25 1.25

[60220] 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 [2) 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

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

maintained, Table 10.



4,53 7.29 13.28 t50, min. 5.04 8.00 13.67 t90, min. 8.39 14.25 21.36
Har dness, Shore A 54 56 58 Aged Hardnessy; Shore A (72 hr@ 125C ) 58
58 61 Stress/Strain 100% Modul us, MPa 1.93 2.06 2. 30

Table 10. Properties of Brominated-isobutylene-co-para-methylstyrene

Rubber Innerliner Test Formulations.

Property Conirol 10 | Control 11 | Control 12 | Expt 13
Cure, ODR.
ml, dN.m 8.3 9.8 11.3 8.7
mh, dN.m 323 417 35.7 33.5
ts2, min. 49 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, T5 20.9 6.3 6.8 -
Hardness, Shore A 54.7 55.3 55.3 58.3
Hardness, Shore A aged 72hr{f125C 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, % 627 668 763 773
Energy to break, MPa 11.56 13.50 14,16 14.24
MOCON Air Permeability
cermm/{m2+day*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

[00221] 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



2300% Modul us, MPa 5.87 6.46 6.39 Tensile strength, MPa 11.21 13.14
11. 89 Elongation at break, % 780.7 799. 0,5858.7 Energy to break, MPa
18.2 20.7 20.4 Aged Stress/Strain (72 hr@?25C ) 100% Modul us, M Pa
2.96 3.19 3.54 300% Modul us, M Pa 8.49 8.91

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 Innerliner Test Formulations.

Compounnd Control 14 | Control 15 | Expt 16
Exxpro MDX 01-5 100 100 100
Carbon Black, N660 60 60 60
Clay, Cloisite 20A 0 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
Zinc Oxide, Kadox 911 1 1 13
Sulfur 0.5 0.5 0.5
MBTS 1.25 1.25 1.25

[00222]
PIBSA (Expt 16) maintains the reduced MOCON Air Permeability obtained when

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

using a PIB NFP processing aid (Control 15) in the tire innerliner formulation
compared to the naphthenic processing oil (Control 14). Expt 16 higher ts2 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.



9.30 Tensile strength, MPa 11.66 13.26 12.51 El ongation at break, %
534.2 600.7 573.2 Energy to break, M'a-}3.17 16.44 15.43 Fatigue to
Failure (kc to failure) 357860 293901 733870 Adhesion to NR Carcass
Tear Resistance @OO0C 4.42 1.44 0.92 Macon Air Perneability

Table 12. Properties of Brominated-isobutylene-co-para-methylstyrene

Rubber Innerliner Test Formulations.

Property Control 14 | Control 15 | Expt 16
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 8.8 12.7
150, min. 54 9.2 127
90, min. 3.4 16.3 18.0
Mooney Viscosity, ML(1+4)@100°C 63.6 69.4 63.0
Mooney Scorch @135C, t5 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, % 817 586 769
Energy to break, MPa 13.9 12.8 14.6
MOCON Air Permeability
ce'mny(m2+day-mmHg) 56.2 42.0 427
ARES @60C, 10Hz, 2% Strain
G', MPa 2.77 2.87 3.33
G", MPa 0.37 0.38 0.54
G*, MPa 2.79 2.89 3.38
Tangent delta 0.134 0.131 0.161

[00223] 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 Ib 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
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Processing Oil, TDAE 8 8

PIBSA 8

SP-1068 4 4 4

Struktol 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

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 innerliner 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.



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

. precedi ngV@IZ47HE0635 7. The el astomeric conposition of clBATAE005/045978
wherein the elastoneric conposition is nade with 30 ph or less of the
processing aid. 8. The el astoneric conpeggition of claim®6, wherein
the el astoneric conposition is made with 20 ph or |ess of the
processing aid. 30 9. An article produced fromthe el astoneric

conposi tion of a ' - ). T icle of I,m9
wherein the arti ?%[belggg?rgb %ﬁ?&oﬁﬁ%&gfgﬁ ggfe{ntﬁecﬁ)f ag% ng%lﬂstyrene
cc-nm n2-day-mHg or | ess. Rubberlin@erinbd TdseFofmanyoref clains 9 - 10,

wherein the article has a Money scorch t5 value at 135C of 12.5
m nutes or higher as measured by ASTM D-1646. 12.The article of any

of claims 9 - 11,rwErerm e @rticre s el ectedrfromthe ———
group consi sting Eticnnerl LHEPEYE YA ol kb, L ESRbEt ubes,
air barriers, 10f|{iMotaey Visypstydam4ap@uodoayer § anold or | muyxo | aly edss) ,
treads, and sidevied L5 siength, peak load (N) 15.32 2331 | 17.93
Green Strength, Time to T75 (min) 5.39 9.35 3.26
Cure, MDR @160°C
ml, dN.m 1.57 1.91 1.77
mh, dN.m 6.77 6.62 6.13
52, min. 4.53 7.29 13.28
50, min. 5.04 8.00 13.67
190, min. 8.39 14.25 21.36
Hardness, Shore A 54 36 58
Aged Hardness, Shore A (72 hr@125°C) 58 58 61
Siress/Strain
100% Modulus, MPa 1.93 2.06 2.30
2300% Modulus, MPa 5.87 6.46 6.39
Tensile sirength, MPa 11.21 13.14 11.89
Elongation at break, % 780.7 799.0 858.7
Energy to break, MPa 18.2 20.7 20.4
| Aged Stress/Strain (72 hr(@125°C )
100% Modulus, MPa 2.96 3.19 3.54
300% Modulus, MPa 8.49 8.91 9.30
o ) Tensile strength, MPa 11.66 13.26 12.51
T Elongation atbreak, % | 5342 | 6007 | 5732
Energy to break, MPa 13.17 16.44 1543
Fatigue to Failure {kc to failure) 357860 293901 733870
Adhesion to NR Carcass
Tear Resistance @100°C 443 1.44 0.92
Mocon Air Permeability
ccrmm/(m2-day*mmHg) 20.5 19.0 16.9
Aged Mocon Air Permeability
cermm/(m2+day mmHg) 18.0 16.1 14.1




10

15

20

25

30

79

CLAIMS

A process to produce an elastomeric composition, the process comprising contacting
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 C4-Cjg 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 moi% 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 elastomeric composition of claim 6, wherein the clastomeric 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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The article of claim 9, wherein the article has a MOCON (as herein defined) of 56.0
ce-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.



