DESCRI PTION Title of Invention
RUBBERCOW.PGSI Tl ON, CROSSLI NKEDRERBRRPFEONP 0Sf LI ON, PNEUMATI C
TIRE, AND METHOD FOR PRODUCI NG 1SOBUTYLENE POLYMER Techni ca
Field [0001] The present invention relates to a rubber

conposi tion containing an isobutyletie polyner, a crosslinkedi
rubber conpobitieiddhuysndioar ed by 10 crosslinking the rubber
conposition, mat i ..t ai ni rassl i ber
conposition,Rgm%ﬁgynetﬁggd?gsrggﬁ%uciﬁgﬁghgﬁggﬁﬁﬁylei ﬁgEgﬁfyner.
Backgrgund AroniR9ziofonygriimaeld y TIRE, T Wbk NBYEOIA! $0RT
tires, various ones have 15 been | atown. For exanple, as a rubber
mat eri al f or PRO®DUCINGT ISGRATYBENEATORYVMIERe, a rubber conposition
including a diene raw material rubber, a reinforcing agent, and a
speci fi ed aclechaimyBieldie- nodi fi ed pol ybutene in specified
proportions j isclosed in Patent Literature 1. [0003], A.trend
Pobber  commoldPrhats eset ieulis lesed Sk Fudboy g otaind: ng
car bon bl ack L ' : ] Vi ng
at | east onemgpﬁé§§§??bg@ﬁgggﬁgeﬁgﬂgM%ﬁﬁggiM%ﬁgﬁﬁgg%ggﬁatura
rubbenpi n spgokdlinkiie phe pablicr Mdspokitiod]i $ phesedid fircPam@iiting the
Literature 2, ~[0004] A rubber conposition including a polyner
havi ng an 25etiobgdinled |rablker apempeositicaasindoae mehwdo fan pisokdap| e

noi ety selected fromthe group consisting of a carboxylic acid,
an am de, an'‘€8Y 9389m$@¥0xyl {croup and an amino group in the

nol ecul e theﬁg%roﬁg@}&l}]@vi ng at | east

[0002] Conventionally, as rubber materials for tires, various ones have

15 been known. For example, as a rubber material for use in a tread part
of a tire, a rabber composition including a diene raw material rubber, a
reinforcing agent, and a specified acid anhydride-modified polybutene
in specified proportions is disclosed in Patent Literature 1.

[0003] A tread rubber composition for studless tives, prepared by

20 compounding carbon black and/or silica and a polyisobutylene
compownd having at least one alkoxysilyl group to a rubber such as a
natural rubber in specified proportions, is disclosed in Patent Literature
2,

[0004] A rubber composition including a polymer having an

25 alkoxysilane and at least one hydrogen-bondable mojety selected from

the group consisting of a carboxylic acid, an amide, an ester, a hydroxyl



one isobutylene as a nononer is disclosed in Patent Literature 3.

[0005] Ar U%ﬁ?&fg &ﬂ@@aﬁh&b%ﬁ‘oﬂﬂ'ﬁﬁ' tHE b cRIPOENEE an D A%ViRg af Radthe
nol ecul e thereof at | east one free radical selected fromthe
group 5 consinstisohgtylehe as antonoxe:ck discldicialPateat hyeemre3. r adi cal ,
an allyloxy radical and a laity] radical which are stably present
at ordi nary [Pepet avbbe sprapesHianh énchdine e @obmesxheerg lanthe

at ol . | . eserice A ent
i'terat ure. oty glesg ol R Ssiatie shbaaLRSET Hy g Bbock
copol yqrer Ofcoﬁsiétm@qiffhom%sﬁla@&ad?éal,cmﬂ{rm@Eacﬁiéa1,aand31@[b[%%ggg&?£xnd

and pol ybutene is disclosed in Patent Li'terature 5.

rubber conpasiltaitaty] ratidal dihid @e blably presepiodt yndinag ferppdrytoret #de and
pol ybut adi ene is disclosed in Patent Literature 6. [0Q008] A
rubber conpdsithe pesenen oftgxyaen, prhinsludsistaai srbutbsneeraating waitisl y 15

w th an’oxi AR YR RE A, atom and a nitlogen o
at om cont al I’Ig@%g%g@gb& %gfggem iﬁ&lﬁ?]igge?ut'élliaé‘ddoggl £ gegul ting

prelimnari pr o t with ot ber c onent, is

di scl pged i modaipelyindeidredodblyir@r bf a20fefdQ8fpAumdulriepolgburp@sist i on
containing a polyner obtained by cationic copolynerization using
a Lewi s aci dlischesadl ysPaters Lateratwe b at or, and a rubber conponent is

di scl d i t Lit t .8, it ib th j

d sclosed | N BSHORL Lo lure, B ity ! s dpeeribod herin
d i j j : -t he pol .

a0 e o ST S N COTBOURG 8 AR AL EpE L de,0p) yrer

tribiock el aghogTes rastr @omPbafie! CirnGe aGLML obRireA& drbladinarily
proportions is disclosed in Patent Literature 9. It is also
described t Hereding t habroatindieh golydsmbutylduo/pookthglstystemeopdlyraer i s

it er nal 1 sobih &R&x e 48 POl L oML SRR a5 Bp A SHAS e
general arr n B- A t t L C : r. 5
10011} A vl ARG anr il et (BekOERedin ' 0F Ibihe SR RRNE S

mer capt opol ylieh @y prod@éti willh ionRr RebbcP @oRpSRaE | ik idpdioskd UC Phiegt or an

acyl t hi o- pol ybutenyl derivative having a specified structure to a
sul k- cur ablleiterefioteetr. i s di scl osed in Patent Literature 10,

[0012] A functional polyisobutylene having a disulfide bond in at
IeastEQOa pal Oglfﬁ%ll’ ?lnﬁ?ﬁl"%uﬂoé'faué%ﬁﬁgly r peEed BB EalPEne s

described | nco%%iy%k&izkﬁi&neb%graeL%avis acid catalyst as an initiator, and a

rubber component is disclosed in Patent Literature 8, and it is described
therein that an isobutylene homopolymer or a copolymer of isobutylene
and an aromatic vinyl coropound is preferable as the polymer,

25 [0010] A rubber composition mcluding a rubber elastomer, a triblock

elastomer and a reinforcing agent in specified proportions is disclosed in
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[ 0014] An object of the present invention is to provide a
crosslinked jRL 8g conposition usefut as a rubber material for
t hes, and a rubber conposition for obtaining the crosslinked

rubber conposi ti gRatentiLilkbatadd] fipangsedatcobApplicatitn Lhd-Oseasént
invention is to provide a pneumatic tire provided with a part
i ncl udi ng t Hé-¥¥384kl i nked rubber conposition. Furthernore, an

obj ect of the present .i.nventi is t royi de thod far
produci ng an i soﬁéﬁ%‘?i‘%&er%e}?ﬁwaﬁﬁge&@?@g%P%@Oﬁ@g'(gﬁ’?“ﬁﬂ%
rubbers con’p%ifot‘]jz%qﬁzzosm ution to Probl em [0015] The rubber
conposition of the present invention contains a rubber conponent

having an ol ef t ni @a@aublie-abend)] aadnas PBabUlieatnpbhidi®ienhavi ng
a structural unit represented by the followng fortnuia (1) and a

structural u.t102%32ekented by the following fornula (2). In

25t he rubber conpgsition of t resent_invepntion, the .content of
a | ow nol ecul ar V\@?ﬁﬂft Bg%@f%ﬁfﬁm%‘% %‘Fnéc%?%cat&%’i gﬁ‘fl 11000
or less in 4 =] | ene polyner is 5% by nass or |ess based
on the tot alNg%gggﬁgﬁlt he isobtityl ene pol yner: [Chem cal

Formul@ 1] Surkiaey 6f Tvestitepr esents a dival ent group, Y
represents a substituted or unsubstituted alicyclic group having

an unsat ur at’'Be¢hbmabtPreenn represents 0 or L [001611 According to

such a rubber osition, a crosslinked rubber conposit.ion
havi ng a str[lqgf‘ﬁpgni J%szﬁmtW@SSPBHWQP“%%@HWE%%Q?W ed

rubber composition useful as a rubber material for tires, and a rubber
composition for obtaining the crosslinked rubber composition. In
15 addition, an object of the present invention is to provide a pneumatic
tire provided with a part including the crosslinked rubber cormposition.
Furthermore, an object of the present invention is to provide a method
for producing an isobutylene polymer to be suitably used in the rubber
composition,
20 Solution to Problem
[0015] The rubber composition of the present invention contains a
rubber component having an olefinic double bond, and an isobutylene
polymer having a structural unit represented by the following formula
(1) and a structural unit represented by the following formula (2). In
25 the rubber composition of the present invention, the content of a low

molecular weight substance whose molecular weight is 1000 or less in



10 i sobutyl ene poI ymer are crosslinked is obtained. Since the
crossl i nked t'h ty&ﬁ@'gglﬁrh{ei grs%g ahtabned taYedui 1ROt N mRARY €
specified iso utyI ene yner, th e I oss coefficient (tanS) at a
hi gh t enper asfuheisohayleexpoipiner:60C) is small and the | oss
coefficient (tan8) at a |low tenperature (for exanple 0C) is large
in a dynam clGhcséwbFasnulelt est, Furthernore, this 15 aosslinked
rubber conposition is excel | ent in abrasion resi st ance,

Therefore, the cr@ssli nked rub BH ition obtained fromthe

r ubber conpo @,J|DIJ; cordiyng to ihe preseng i nvention can exhibit
excellent rolVi ng Ir i stance cha yistic, braking property
(wet-gripping pro @Pty) and abrasi‘orinresi stance in the case of
bei ng used for, for 20exanpl e, a tread part of a pneumatic tire,
[0017] 51 n additiowheeive Jr semtiented rdu?@gr@t @@h}poénptnemwnés & so

favorable in ter .vapor ri.e operty and ox der
property. Th@’}g,atlltﬁ?eél Orflﬁ@lbéﬁ%?glaiﬁlﬁﬁ(éﬁ g,rq}g%lgrvnw%{v;g Wal ned
from the rubher Icegfgggﬁéb pp according to the present invention
can al so be SuI't y used for, for exanple, an inner liner part

of a pneunat {0@16] Aecorfi Jt8]suble@exuﬁtae&tcempoﬁt1@ﬂnaer aebdihked nthbef
having a sma | oss coefficient (tan8) at a high tenperature (for
exanpl e 60C) canpbsgioharaymgl cogsichwe frf waCbrthe mbherd)orramnantl aov the

T e (L BTS00 B SIS 2 0 ot b
char act er i st e, ol BIRHREOfiain DL ARAIPES (EXGELEAALY LB yaRn ©

vi scoel astic ar ac eris nean coe at a

hi gh tenper abélfvﬁxet $hS ot t&rﬁia&%/(l%q he: hRBe® ?&EM&(fep&xﬂplé | ow
tenperature 1s l'arger. 10[ 0019 he present invention

i sobutyl ene ﬁﬁﬂ(;)rmsmahymdiﬂmolobtamﬁfmlaﬁ (tacd)uatal lowrtetperapre fent ed
by the following fornula (3) and/or a strugtural unjt represented

by the fol | ofaup %8@}?&%@ HYTERE WGogeis it uittheepredint ed
by th abo"emfo%@k%c? dibder EGHGR! isFOMHER B abrasitSefikince, N

represents 0O
Therefore, the crosslinked rubber composition obtained from the rubber

composition according to the present invention can exhibit excellent

rolling resistance characteristic, braking property (wet-gripping

property) and abrasion resistance in the case of being used for, for
20 example, a tread part of a pneumnatic tire,

[0017] In addition, the crosslinked rubber composition is also favorable

in water vapor barrier property and oxygen barrier property.

Therefore, the crosslinked rubber composition obtained from the rubber

composition according to the present invention can also be suitably vsed



[0020] An isobutylene polynmer having the structural unit
represented fy fslhﬁmfngrer,ra&:l ﬁm@ﬁ]%ne;@ﬁﬁlt Qfafnlik‘ﬁm%ti!é%é.ur al unit

represented by the fornmula (4) is excellent in crosslinkability
to the rubbg00t§ndanmafter, knch2aRatditid of havaeg ar sihalgloso codfbcient
mer, a crosslinked rubber conposition nore

i sobutyl ene pol

excel | ent i r{%@%aﬁﬁ%hﬂ&hs&%@%%ﬁec(fo’bﬁwﬁ 10°61 i andamdargadpsisi on
resi stance is t ali ned 0021], The isuhutylen irer, may. al so
have a structdy 'ﬁlenﬁzﬁa{@r%ﬁr 8?’]«5?1?]8‘33‘{5’%7 &Pf‘eéé‘ﬁﬁm eom_éniacgryﬁﬂ%(g (5)
and/orsa stryeldr.ahc Wil Fefb8RAHGROMERE d¥elle id %M%scﬁ;@l‘ééﬂé‘ a (6)

as the structural unit 5represented by the above formula (2):

[ Chemi cal Foghmdcgerisfic!. 0ORladdRion, "being mosbeeichentlin rdspmeients 0
or 1, Rl and R2 each independently represents a hydr o%en atom an
al kyl group Wecoglatiee aharageriiie’ mageas mhat1iba dessreoatagieettohidid wi t h

The 'str uct ur SPGHIES FapPaEaH Y by Coh T EE" (8 PAFGRBP: Che

structural u '%er‘r epresented by the fornula (6) is excellent in
crossli nkabi]I Ity to the rubber conponent. In addition, according
to theoi sobutoyl@nd the bysseit,inentomshd isokegdendpliefer may also have

a structural unit represented by the following formula (3) and/or a
structural unit represented by the following formula (4) as the structural

unit represented by the above formula (2):

[Chemical Formula 2]
~<—EH—CH2~} {—EH-—CHZ%
N -xn

(3) (4)

15
wherein, 0 represents 0 or 1.]
[0020] An isobutylene polymer having the structural unit represented
by the formula (3) and/or the structural unit represented by the formula
(4) is excellent in crosslinkability to the rubber component. In
20 addition, according to the isobutylene polymer, a crosslinked rubber

composition more excellent in dynamic viscoelastic characteristic and



15conposition nore excellent in dynam c viscoelastic

characteri stdbi:asﬁﬂqegggﬁllggbtglg& stance is obtained. [0023] In the
present invention, the isobutyleue polynmer may also be a pol yner
obt ai ned by [00pd| Firensobiytenk Spdiyingt ensy atwd &awd ry stradtinal ww@npound
represented by the follow ng fern- Iuta (d 20CH2=C1- 1-0- (4-Y(7)
wherein, X rrepueéeswémit évyatbm e o (9 andpr esehvguial unit
substituted or allcy lic, group h V|n

unsat ur at ed SBWEF eéln gdlé “élﬁgs Fge {& i% g‘i‘%‘l"% Yiqui d
to whig otic conpl eX| ng agent and an
aprotic corrleﬁgf?eng etﬁi@g‘gdrv)eésfgm f}ﬂpj)[ 0024] Then, in the above
copol yneri ze{(jhem;caV\Eemnﬂb@] total molar number of the Lewis acid
catal yst, the total nolar nunmber of the protic cotuplexing agent
and the total; nol ar \nunber of the% HOtc'H conpl exi ng agent, added
to the reactiigiT¢yi d, are defined as A’/ 131 and 132,
respectively, én the total nolar nunper of the vinyl ether
conmpound 10subj €gted to the copol ynerigation is defined as 0, it
is preferable that Al(lgg +132+ ID) bell to 1@, Af81 be 5 to 400
and 82/ Bl be 0 (325] The iso ene pol yner thus

obtai ned, in 4 the content of the nol ecul ar wei ght

subst ance whos 30 or less 1000 is 5% by
mass or | ess, exerts an" excel I ent effe%} of further 15enhancing
the dynam c Viscoel astic property and B abrasi on resistance of
the crossl inked . I oC i [ 60 n e:

invention, the ru Hglreﬁléon%gpegﬁ tg co(a)lﬁl éb% glz}%lﬁl %t {kﬁll snpgrg%g%sﬂgl ected
fromthe groupregans bf’ngrdﬂb@erpﬁtom natauealoraupbiteds pheaybpbag Saer!
rubber, a nitril £ rub a silicone rubber, an isoprene rubber,
20 a é;(f)yr encalhiﬁadasehebmdbd)mtheammthmnnémmbnn@dl ene rubber, a
styrene- |sop ene- an et hyl en ropyl ene di ene

b
r ubber , a hal 08 %}1 q{lﬁ‘%iﬂe P‘HH%%W avan%meoﬁeﬁger?gdma%r@wa%ed

A A0 s

i sobut yl ene- gy Rt BydeSbstr ﬁﬂ%rdsslm%mty Rot A Rﬁabeibla&hp&ﬁﬁposm I on
contai ning such a rubber conponent, the effect of

addition, according to the 1sobutylene polymer, a crosslinked rubber

15 composition more excellent in dynamic viscoelastic characteristic and
abrasion resistance is obtained.
[0023] In the present invention, the isobutylene polymer may also be a
polymer obtained by copolymerizing isobutylene and a vinyl ether
compound represented by the following formula (7):

20 CHCH-O-X)-Y  (7)

wherein, X represents a divalent group, Y represents a



enhanci ng the dynam c viscoel astie characteristic and the

abrasion r gghFhARLE: IubdRe tEARYENI £8p RVYEBE uhStFREE bond,
remar kably exerted. [0027] In thé présent invention, the content

of the isohahgheeeesepslOyordr can be 0.5 to 70 pads by mass per 100

parts by mass of the rubber conponent. According to such a rubber
conposi ti on,n & 'asEen HAREdo mihet Lewmssi aladrt forratie KuBPIEEAE | n
dynam ¢ vi scoel asti e propert .abrasion resjstance, water vapor
barrier propertyidna BRgeenbziRe e R8sU0%, i 3 oht ai ned. [ 0028
In the presendd MeAL iPMhe LBSe Hgﬁwm&%amewhemye BRal molar
substantiall'y a stytene-butadi ene rubber. The crosslinked rubber
10 conposi t imambebb&thaédwis aid sataligstathe ubtabmok:o pmbért dfahe psitioor e

excellent in dynam c viscoel astic characterjistic and abrasion
resi stance, cam@lexing agentasdahesiotal amlar nuggr plolhe aprople semplaKipeof a
pneumatic tire rein, ..'being sybstantia st yrgne- adi ene
| ubber" i ndiaéﬁ'?tegﬁ‘geﬁiafd tife r%atc%%ﬂlé*—uwgtaé%i‘i@lﬂ%w?&bb%r aé’é@ﬁ%s f or
95% by mBss ,0,c0RfeR, BAF AL Rl RGBSR of AHD YR Sfhet thaer
conponent . [10(5359] : he rglgaber con‘po%llh{;ﬂi5 on0 of tﬁlg prglsgﬁ?ﬁ?bﬁgenti on
may .10t hersubjecteditd e @hoBsiekinktiondis agdnéd asTDeitne pidetablerthat
orosslinking the rubber conmponent and the isobutylene (gol yner is

not parti cul&By* Be il todd, A{H; betddo fbped BZBnpolia3bn cont ai ns
a aossl i nki t the crosslinki Qagent. can npre easily
crosslink tﬁgofﬁﬁ]@rm me]?ﬂly‘ﬁﬁcfﬂ?%é?@gggd{lW%é%nﬁﬁéf”&tﬁ’étr?f
[0030] The RRegsninoldaER o Alsanay INdesoiBn bk GRblid B/ ubber
conposi tion obtalned fromthe ru ber composi tion, erein the
crosslinked ledsblio i@@%@ﬁimmrm hes, exesid-aucdxaeltent B o tutthe
rubber 25conponent and the isobutylene polyner are crosslinked.

[ 0031]5 Si nceenbasingathe dgsahic viseoelnabio peopeciy ipd dietdboasiangregtemiel ent
in dynam c viscoelastic characterjstic, abrasion resistance,

wat er vapor Qféﬁ‘??ré?'ﬁﬁf‘%@ﬁ]??cﬁmo%%en barrier property, it is

ful bl ; ' hid i
useful as a [pg%@% R LELLA! inydiffon! *h%gﬁﬁgéf[bo qgé‘%%‘n C{)Ft%%nni\l/tenti on

crossl i nked er conposition accordi 0 resen

can al so be lsat toabl ¢ldee@dfrbin MOt oM YohdistRigapPh iairhlonbbyta al so
i ndustrial rubber nmenber applications such as an industrial belt

and an i ndusitadi¢nerublrsra hidrsle nifieq30§ilictme rprtes entisdprarentiblen, al so
POV g5e & B e Suladiche ORbBer B isoprenc-butadiene rubber,
styrene-isoprene-butadiene rubber, an ethylene-propylene-diene rubber,

a halogenated butyl rubber, a halogenated isoprene rubber, a

halogenated isobutylene copolymer, a chloroprene rubber, a butyl

rubber and a halogenated isobutylene-p-methylstyrene rubber. In the

25 rubber composition containing such a rubber component, the effect of

enhancing the dynamic wviscoelastic characteristic and the abrasion



t he crosslinked robber conmposition in a tread part. Such a

pneumat i ¢ tik@sthscedbyat 1sehitylefle pelnting ni@staiatbey chaesact eri sti c,
braki ng property and 10 abrasion resistance because the

crossl i nked [00BHdn tboprewittinwntion teaewitdng of thensehpfderegpolymer

vi scoel astic characterjstic and abrasjon resjstance 00 The
present i nvé??ﬂ%?n&gtfpt@e?alﬁr@(/?@é%%f L%H%ff oTRte it 8@1(‘1% ngé\‘n

i sobutyl ene hav ng: t t.u i ese t he
ol low ng foRMIPRer:) ALkl B S o hfbbe) BrhpdBRECITRL a0, |2
fol I ows ng f omBeracondositiohadieCelceliest Ml Bndhic viscoelastic property,
wherein, X represents a divalent group, Y represents a

substi t ut ed @wasinmsiasstantet eateial iy diangergpropptyhand ngygen barrier
unsat urated bond _ZOEnd nrepreseuts 0 or!. [0034] The nethod for
produci ng anPIPB%B’t}FV “H&dpol ymer according to the present

invention in e t . | | Z] i t ne_and a
vi nyl ether @Igggo%ngh% epgfeséegie nlﬁg%?lg%’%ée%%logm&ﬁgor%ér nrﬂ?%qi%) ;
CH2=CH- 0- ( X) subflurfilally a styrddB®hRURS ubBR! eSERY r@sitiikéal fitbedr oup,
Y represents a subsfitutéd or unsubstinned alicyclie group having

an un$@t ur at ednfeshidn obtaihed frep sehenhbbd compbsition is moreiencalent
reaction liquid to,whjch_a Lewis acid catalyst, a protic
conpl exi ng SEgEREMEhWSErTlashe sharacterstinlBdianisKgaRtistaRe, auden

[ 0035] In addition, . t hod for_ producin n..i sohut vl ene

pol ynmer acco %W{f P%l%%%ggﬁdgg’é% g?%ﬁ%ﬁ??ﬁﬁ , an?ﬁ%ﬁé(f ﬁ'ée‘t (t)i_tltleé%‘{m’rml ar
nunber of t he,LpwisshaehidllFatl aly¥ste i dierk Ohbe AlcatiMipgr 1of the
protic conpl exing agent and the total nolar nunber of the aprotic

conpl exi ng agerhe-bifddrdd @thbet accohets fea®3% by thisguir dnorabasededn ned
as A Bt and 82, respectively, and the total nolar nunber of the
vi nyl 18t her @@ngialareruipl e reper epmpnvactopol yneri zation i s defined

D, AABI-E ol 10 0131 i 5 400 d B2/ B1,i 0
50. [ 0036] ACOATUTHE oL shieaot L aR Bt RGatoR s BEGEY ene
pol ymer in “@érﬁﬁnﬁh&ﬂ%‘sﬂ%ﬂ%tgﬁaﬁ aT*x@H{eﬂB'd%Hl:ﬂéslﬂﬁugnﬁe $ipet ance

whose nol ecul ar wei g O or less is 5% by nass or less is

obt ai ned. | nc@dgbnehioimd the dibdiylege polyiree is salpattichrie lpatednbunt,
obt ai ned by such a_ production nethod, it_is possible to further
enhance the tfharmbbengosnesitian cputaing haroaelinkingsasent, Bydresalenkalg asi on

resistance of a, crosslinicecl 20rubber conpposition. [0037].in the
met ho 6f or pPEEhcig n&%ei%ﬁﬁtﬁpgﬁaﬁ)p y %C&H\Paﬁlﬂé i tthe
present invent, glF,{.n is acid catal yst can be selected from
t he group coiryg}ng?}ieﬁgpo gwbor on halide conpound, a titanium

hal i de conpofatd(] ahti prefealt i Beerc@APaln dproafes! andrsdhimital ir@sher
conpound, an 25antinony halide conpound, a tungsten halide
conpound, a composition obtained from the rubber composition, wherein the
crosslinked rubber composition has a structure in which the rubber
25 component and the isobutylene polymer are crosslinked.

[0031] Since such a crosslinked rubber composition is excellent in



nmol ybdenum hal i de conpound, a tantal um halide conmpound and a

netal al koxiggamAdyansRa80 UsablkaftS MlaslnvRBta8k:, [\Qﬁgﬁ]v'ipor
According to"the present invention, ‘a crosslinked rub

conposi ti on basédripropeaty @ndr orbfpen ba‘aieerpregberhyprt itiusefl amd mbbe_tbber 5
conposi tion for obtaining the cross|inked rubber conposition are
provi ded. | Andeirlt oo riiresac dor afldiipmy ghe Wéosplﬁfé@énlt‘l \’-"ﬂv@ﬁ@l?%ﬁlona
pneumatic tire row

t.h |
Plbber conpdsrertsh t icmblhfiadeRBn ehdfiadPeitat Gl Rt shne
preseny inventi, g@maﬁommggofu?cru,«,@fapm%bmeﬁﬂeﬂ a}@hbﬁ%&a@& gpag' ymer

to be suitably I'n the rubber 10conposition’is provi

Descri pti on anfindushedbefemidsan 008%}al Subtzahise. enbodi ments of the
present invention will be described bel ow. [0040] In recent
years, in t HeORtBreopseseat mventipn dlsp pravides o aneusabicdist epaindgof

reduction | fuel tion and. drivin bi it br aki ng
property on CWQflmgﬁé'g%ﬁ’t ‘“O‘EPﬂ?afonamfar%%g'%% é}}@ﬁ@ﬁf‘w% t he
i ke have b O%%bg T m

demands foretggrléu g?&ﬁg% eri gg@n%ei (?12%1’0 e\;{%/tg&geen ‘%6]?% Severe.
[ 0041]0 Exanpibesicef réasinge desvand tRacaeilgked tribd otomdpdsithers

material 20for tires, particularly for use in a tread part of a
tire, includeceltemt ﬁvixnemlmwgscoel@s_t)c herasterisin andrebiasmatregigance,

bendi ng-and 8h&ho élaqsfe}%?en? ?nsv'eﬁf%%' REB PV Eng e atene
vl o i3 st e Mg ek G ool bl 1
following formula (1) and a structural unit represented by the following
15 formula (2):
[Chemical Formula 4]

Tt -(—CH——-CHza—
—€CH c—% | @)

¢Hy kox);Y

wherein, X represents a divalent group, Y represents a
substituted or unsubstituted alicyclic group having an unsatrated bond,

20 and n represents O or 1.

[0034] The method for producing an isobutylene polymer according to
the present invention includes a step of copolymerizing isobutylene and

a vinyl ether compound represented by the following formula (7):

CH=CH-O-C,-Y  (7)
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[0042] Wth respect to (2), it is !'nmown that as the |oss
coefficient (tan@)HEasyr ey fbeifts L egysREY Oyt QbR ke ,and at
around 60C by a dynémﬁc Vi sgoefasét§c t est og? uzf’lr ubb%pr]r ngtserai al is
sniall cr, thabginbebr tmsubstinakd hl$cyMiT @ osdabingnh uhsmnnelelibogd,
resistance. On the other hand, 5 with respect to (3), it is known
that as the angsgcpoetsitordat NA) measured at a frequency of 10 to

100 Hz and at around 0C .dynam c -vjscqelastic test of a
Fubber mmt e Aneren Jiget v F BBbE bt poBreParkue ) ent
in braking . §%9ﬁ om ances, both (2)
and ( areg%%§%§§¥gﬁpgﬁﬁgén r F ?ﬁ%§3¥§%%he hysteresis | oss of
a rubber nat[enislIn Additigerieriad meihbd therbigiey @skshubpas podyhar ger,

a gripping force is higher and braking perfornmances are enhanced,
but roiling acesidgdndee preseal swvehtighavhen dhe wéahimolirmuarber nEthease in

fuel tiagn. Thus, si i ppi f d rolli
r ggi s'?gﬂ(s:g ' %Q@P@réjaiqusi' tgggotg{]'mg%égﬁ]f %{ip?hga&gﬁ&t%gm&%%t nigt

is 15 diffi Ll ! . ORSHIS, 1t
)12, 11 s by ISR RIS Sl s

di ffigglt toyledud tRNGMESh HgsRL bl defped s %'T;Mm @0 P, afckSIckisdllCS,
and even if both such characteristics are favorabl e, ‘abrasion

resi stance nayl thetotid nedronabedof theouy) etitreccoppesehiubjastedriv dres have

found that in the case wher n i sobut ne, pol r havi ng an.
alicyclic gr%ﬂﬁﬁgﬁlﬁi‘iz%onalﬁ%&ﬁ%%%ﬁgt@]gﬁ%%bgﬁ %ﬁ’el(i»/%l 5ro But  of
the ring is ea%’df?‘/ﬁ:riﬁﬁ%g dced rubber conposition excellent in
dynami ¢ vi scoel‘asti’e ‘characteristic and abrasion resistance is
obtai ned, an@oséiahcdddibpe® GREQ cloh AR UIGAOSSIsbittAhd MREEr
conposition is used for a tread part, a tire which

25si mib t aneoins ivpichathiesfangmmt fafvarlall moteohlai ngpighe ssubttamee whose
characteristic,and brakin roperty (wet-gripping property) and
which is al s@olgelar wes tasaog%eﬂﬁs@é(’/ua BY NEFPRiClesy 1§ ob@wﬂnefal.

Then, the presgnt inyentor ve er. found at

controlling t éloélOnatr&é((r){?mgf t%aﬁ%owowltgg%lpgly%iOgb&lé{;mg uggtsélﬁléea whose
mol ecul ar vweh@hfictios MOkt [Lpdssitle LB fikGOPWhNiROGhP UiRic @
crosslinkecl” rubber conposition nore excellent in dynarmc

5vi scoel ast i cisoiehsac charactristicand thbnbskion refsirst aficecrossliakdédi ned.
[0045!2 A rubber conposition according to the present enbodi nent
cont afs a rﬂ%bb@rcoéﬁ}?ﬁ@ﬁ%nt havi ng an ol efune doubl e bond, and an

i | | havi | . i d h
ol oo nen oY IR s oA RO it el BB O 1o
fol I owi ng Om;‘tgé s:?ht(iﬁ?entié'fﬂ%_{b];é\ﬁs Lhe caa§§eedaﬁ be Q&&@é&@%’mé he

content of a nmol ecul ar wel ght substance - whose nol ecul ar

wei ght is 108fupr cdmisting roft hebdrew bhiflie ectengpahy,mer tifasinhPohalideras s
or | ess based on the total anount of the isobutylene polyner.

[ 0046] [ Chentempoungr mimdwbjle somppmdppn aluminum halide compound, an

25 antimony halide compound, a tungsten halide compound, a

molybdenum halide compound, a tantalum halide compound and a

11



CGH3 (2) wherein, X represents a divalent group, Y.
represents angallsdokiddt ed or unsubstituted alicyclic group having

an unsaturated bond, and n represents 0 or | , [0047] According
to such a r abventagemypolSifedtorf Ingentimss| i nked rubber 20 conposition
in which th ber conponent and the isobutylcne polyner are
crossl i nkedT(%@%?bAécm FBTPe AREST (THET G| FARHEGA BBk

composi {1 one LS apS,8R8T A ol Athel LAALEY B BT Bl LoTRBLA! ur e

(for exanpl € i's small "and e l'oss coerficient ( “at a

I ow t enper atcui@odifib BX aBRlifin® Ghe | SrodsRABR irfblRr ORARBEGon are
vi scoel astic test. In addition, this crosslinked rubber

conposi t i on previddds o lexddtidgrtcdarding o deiporseneisvstt@ancepndufdg] | n
t he case where the érq sli nkea rubber conpositjon obtained from
such a r ubbéie pgiles Mitharparisneladige thyy crgss rgRber COmpesiiTES mat i ¢

Sl o) OB e LR, B At ST abORCe

whi ch have %ﬁ?&oﬁ@dh‘{gﬂﬁ iis%B@tMeﬁe bBlyghet @bE bisitabOuse® i fHeq Bk P, and
havi ng an excel |l ent abrasi onh resi Stance can. bBe obtai ned. [0049]

Fur t hEr nor e,cosipnsigon Berovidsis| i nked rubber conposition is also 10
favorable in water vapor barrier property and oxygen barrier
property, itDearipapnet Bmbsdimesds y used for, for exanple, an inner

cr oss! | nked IORUSHRARsabob s VGG aoht SubBRTE W acifoeds

described ahQyg, is obtained fromthe nibber 15 conposition
according to the present enbodi ment is not necessarily clear, but
it is consideo4y Iheemusgedrd)én dleefutorhehilddivhd,dn hddidowto proklemgbber
conponent and the unsaturated bond of the isobutylene polynmer are
crossld nked afneduchos inafust eanswiupleondend dsdng stebity é@lqngmewene

| i's bonded with t bb tvi t heni cal
bond, 20’ [ 0081 VERPEIeREG Sote Fropi lanavet #f 1 45e bELTaence

charact eri stiyf S SX ISR ST, Hhif shdSSrobRE:! d& t
measur ed at %&Pr eq%ﬁécy of 10 to 100 I—émang.tsht&%@girfé %@@%y a
dynam c vi seagkadtiocireebivedbet hrether @saki nked rubber conposition,

and as the loss coefficient is smaller, rolling resistance
char act er i st[j084§]sExasrndest alvbasisblamandrchaupgietiplm for by akbergmaterial

20 for tires, particularly for use in a tread part of a tire, include the
following,
(1) Bxcellent in fracture resistance and abrasion resistance to repeated
stress such as bending and elongation.
(2) Low rolling resistance (favorable rolling resistance characteristic).
25 (3) Excellent in braking property (wet-gripping property) on a wet

pavement,

12



25property (vet-gripping property) is expressed by the | oss
coefficient - Bired (At it & oS AUSACY uef | and
around 0C b}bg@]g\yﬁgﬁl Vi sgg’ell astllroc test o quﬁsgc%rﬁic?i%lglﬁgﬁsgd
rubber conpastédsingt,atan@e@rnthef [10ss WOk gt entarivindl 60°deby a
braki ng property is nore favorable. Therefore, "bei n%leexcel | ent
in rolling répetansedsnte det of stubber matprisl ihavaliseheogber

fficient (tarab t . f .10,t0,.,10 d
ot around 60CBA e I AN G b 7 HEE FETRELe: o Rrhe SEFbQEMEnked
rubbers compagid i0ReLStS B Ly 1@ ,\i}rp%d%gaseﬁl%eio'sﬁ% fiBieff gﬁﬂjg .
property (wet-gripping property)” neans that the T'oss coeftici ent

(tan6) neasunegduat @ 4 fequeag)fof) 10100 HOendHat arginareungy @C by a
dynam c visccel astic test of the crosslinlced rubber conposition

is large. tGynpod5yiscopdassiniasit el a rubker| mpseel solugsnetie, b
conos, 1 on BRETASLQBsErF AR ARRE BPEY 0053] | (Rubber
conposi tion Iger oIy er

Co t i t i . 1l t.ed
Cong a1 rioUH AlRRE e FRAARAhe o0 QPRIL 0] diPlintacliicsed as

bond) j¢ and ni%kiﬁh% t@fye Bfsterestalogs af arbibiRe mat@isdy Nihhehiiel, nifbker and
a mxture thereof, As the rubber conponent, one that maintains

Irubbg(r]I _ physih}@terepﬁopmsé i;e@rgaé,era whpping r Hses! iimﬂém?w'r sarqgr efaingbl e.
n addition, as the rubbe C nent, one whose dynami

physi cal  pr oIFTERCES A RAFHICE DUy SRR S BR TS A PP B ehjodcaul:

[ nor eased when, o gssldpked dng,peher phlesy LODSAL ] kb Rresent
enbodi nent, it i's prefera I8 PRat “the' FUbDEF poémgn e at

| east one sehgRGHRMpfrEQhicE @hgHh&biktie QRS ins doddidtihg el Maindkig] it lsubber
a but adi ene rubber, a nitrite inbber, a silicone rubber, an

25i sopb ene rdiffifoedt, toasisnitareneslp shtdy ot chepgdaristian of (2) and (3).
i sopr ene- but adi ene rubber, astyr eafglzuihgopr ene- but.adj ener.ubber, an

et hyl ene- pr of§iahe- & ehe oPBHR frogetiered ih sy [diffigebeto, a
hal ogenat ed é@ﬁﬁ&&%ﬁﬂ %Q@sﬁ 38%‘@{&% gﬁ%{%@é’rﬁsﬁcb Sagxla%zgxll ﬁo‘?h such

copol ynmer, a or opr ene rubber an

hal ogenat ed gisphuinstienge BrvaRbRY histhy 51eRSistHODRRY bé BetbitRatedbber
conposition 5 containing such a rubber conponent, the effect of
enhanci ng dydditcThe proehtasiverdors havadbend gtat dnahel cater aberern

resi stance brought by the isobutylene polyner is nore remarkably
exert 88, | n HEBTWicpH POlyer drpas |antdcliuBloEp heyms sl wisalrabmt ai ned

[im such a rubper .conposition s also nore.excel | I n.yat er
vapor barr  ePoit ShalTTREnY boeh duh DR, TPt ofertied B8 e
the rubber cefRoReNn RBGleROThaiphidcayBERIatE0 IR erSHENaRE
but adi ene and i'soprene as a nonoier unit 1s suitably used from

t he vi ewpoi ntbrafion i ebisigneass |optanal | akdl ¢hat Smclthea chseblvéherec almponent

i ncludes a natural rubber (NR), an isoprene rubber (a), a.
but adi ene  crosslinked rubber composition is used for a tread part, a tire which

25 simultaneously satisfies favorable rolling resistance characteristic and

braking property (wet-gripping property) and which is also excellent in
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15 rubber (BR), a s enc-butadi ene rubber (SBR), a _

st yrene- i soppgRRnbrtBaAheNes URARH, dheACt¥! pREdt| heetbotk adivene
rubber (NBR), a cbl oroprene rubber (CR), and a butyl rubber These
may be used fsitimglfyurcl thateyy ¢trmtroling thacaderioh atldwmadécianoveaght nor e.

[ 00561 When the rubber conponent contains a styrene-butadi ene 20
r ubber, theSH?%@WFG“VF%&%@F%%%]Wm6m€¥g%péﬁFéﬁ$cm- B 1% ngﬁﬁasion

resi stance of ,the crossli rub 2 Ltion nd to b
further ennadba § SRR RLLer BREPORIERPIEHRBNGRIE o Reck

styr eng- but 3gi8A8sIcWRRGbtelifidHne 26F:ah YeROX b Ys dPRSSe©r nore and
nore preferably 95% by mass or nore based on the total anount of

t he rubber do6d¢sdentbbeAscommhitian 2Bcwuidhegr toc drep presait, enabodiment
styreac-but adi ene rubber alone, or a mxture prepared by mxing a
st yr ene- but ZENEHS & THSHET Coipaent havings an gisdinicefl@bise gond aBfaphe
group consisting.of a patural .rubbe an, i soprene ruhbber and a
Ut adi ene r aiparife abfist) haled Renel nt oo fechito By, A8
conposi ti on GoRkAL ThRNLS HOhnd a'sHRBEF] GREIRIAGBIted By AlcASBbhRKed

r ubber conpos?(tsl‘%o‘rgl parti gﬁl ar IayS sui taabl gp%s a ‘r:ub%ere mat erléal for
use 10 a. trfeanulpd®). dfhen, wnide padsent dmbbelihantpthicaiontd; ofindow
according to the crosslinkecl rubber conposition, a pneunatic

tire more exgeletwWut weight wibsipreg Weese sraeredr stragtidt 6900y less in
abrasi on resjstance and .br aki roperty is ohtained, [0057] In
addition, i ‘*ﬁ@y?ﬁ%B@?mébﬁgg/hﬁwﬁéso%g%ﬁﬁ hasegon B0l BReti yl
rubber conpg . m a butyl rubber and a hal ogenat ed
10 butyl rubcg?r;'%m?tﬁlgﬁmegéta%&légbor barrier property and the oxygen
barrier progeo4d [@heinhel Booagsd $pked rubber conposition is further
enhanced. In this case, the content of the butyl rubber conponent
is preferably 10 i@, 100% by nags I_@gqu re preferably 50 to 100%
by mass baseg&ﬁg_%lhe t ot % amounf  of "'t he r#bber conponent .
According to i |tﬁf}'fer conpo i#’agg‘cor{ ai ni ng such a rubber
conpopent, a cr os$Hi nked rubber JS oSition particularly suitable
as a rubber material for use in an inner liner part of a
pneumatic tire iswhhtal NBdepaadn@caodpliangt t@olf)e Yeromstonnk ed
rubber conposition, a pneumatic tire in which air |eakage is

suf fi ci ent | ysubsitiued@r nasubplitaied adcychio gonsdiavingenwasghtatedviendge

nol ecul ar wei ght of the.rupber conponent is preferably |arger
than the wei JHt BEPEEE0 Ablecul ar wei ght of the isobutyl ene

pol ymer, and o r 3 0000 1:a; 00 or
| ess, for ex@%wgﬂeggodr&ngééég%?%g{ébﬂggr?tg Iélh{)]&g?é?‘hgg?% g%hra%g%gonent
in thgorubbegorgoinion i arhidbitee RUBER &lthpond hod H8Y0 ibybutpes and
nore preferably 30 to 80% by nass based on the total anmount of
the solid coptlemer dmm crdselinkgbiven be obtapsd; aridon. thdhesdokedntbbean be
20 to 80% by nmass, and can be 30.to 70%b ss, According to
such a rubbeforBRsHEiEs; ttheAosst ¢ns %’és@qn@ie% @ng‘[é’e?en@it?ﬁ%@ﬁi &Pron i's

Crossl i ket PRBBLY orhati v BB Ml FROUPL Bt B

temperature (for example 0°C) is large in a dynamic viscoelastic test.
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[ 0060] (I sobutyl ene Pol yrrer}allpk The isobutyl ene polyner is a
pol yner havﬂﬁgﬁddhfe)lstthl@dtm% adnfubberepsrarastitoadishalse kecellentnm a (1)
and the stru%t ur al u it represented by the 10fornmula (2). The
term " pol ynet % n enconpasses a copol yner, [0061]

[ Chem cal qsow%] Gclhe hérE\the CrobslihRed et dmsiBn (cblaindd?)

[ 0062J The isob ene po ynmer contains the str tural uni t

represent ed ﬂ:&nb;)dcﬁ heulfber Emhpos(tik)l iamekdt foe astend @l o b puBirhatic
represented by the formul a and thus has safficie,nt

crossl § nkt hitiiet § pnmmt@ft@ﬁenclmﬁn@ bethrf rpﬁlngrreswtm@maemsnc
AR EL S RO ST AR e

conventionally in a conflicting relationship, and havmg an excellent
abrasion resistance can be obtained.
[0049] Furthermore, since the crosslinked rubber composition is also

10 favorable in water vapor barrier property and oxygen barrier property, it
can also be suitably used for, for example, an inner liner part of a
pneumatic tire.
[0050] The reason why the crosslinked rubber composition having an
excellent effect as described above is obtained from the rubber

15 composition according to the present embodiment is not necessarily
clear, but it is considered becaunse the olefinic double bond of the rubber
component and the unsaturated bond of the isobutylene polymer are
crosslinked and thus a structure derived from the iscbutylene polymer is
bonded with the rubber component via a strong chemical bond,

20 [0051] Herein, as described above, rolling resistance characteristic is
expressed by the loss coefficient (tand) measured at a frequency of 10 to
100 Hz and at around 60°C by a dynamic viscoelastic test of the
crosslinked rubber composition, and as the loss coefficient is smaller,
rolling registance characteristic is more favorable. In addition, braking

25 property (wet-gripping property) is expressed by the loss coefficient
(tand) measured at a frequency of 10 to 100 Hz and around 0°C by a
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[0063] In the formula (2), the divalent group represented by X
carries 20 H?@anﬁb‘ REdchaRstRIed of tHaKdy Gﬁllﬂ@a‘{ﬂb&@tc\%ﬁamﬁ&h%d‘a&‘ygen
(0) and Yin the formula, As the divalent group fepresented by X,
an al kyl ene tlgr dasp, caeﬁicaéﬂtcml rpeox prafjingu propertans more tavorable
alkyleneoxyalkylenq group is .preferable. In addition

represent s 0heiefare, wsug oxgellent gn rolling Fpsigiange ChpACtRRSIER I’éﬁtaﬁér

0 Y d nded f 4] . Y. th
Formal a (2) TeiFdSneehieel P Teten b Relbger pucos M9 Bl ic-
g7 OuPp shavi ng,an: URRAK What 4 Aogg@mh@ Al e QT ofGHE cfzJSfﬁrﬁk%dr i ng.
The allcycllc group may an nnnocyc fused ycyclie
and crossl i mkegr pohyeyitdn 5 yradlypsd dseih® lagceﬁfmtl ih Hirden@property

unsaturated bond. 5 Wile it is preferable that the_ isobutyieue
pol yner do tﬁwst-gmpmgamp@m mianséhanhalesagasfzmend (%@H@&aﬁmﬁds mai n
chain, the i | ene I her aturated
bond ot her @ﬁ %F nﬁﬁ§§?&¥dpe&&@ﬁﬂﬁ *H@“?p %YWﬁycllc
group in ea unsat ur at ed
bond can alg@m 2g§gﬁ§9 éhgﬂ P?ﬁ?g&ﬁ %BRE]EQE 10 [0065]
Exanplees of [0d62)] &{dr@M@ﬁdrCﬂlﬂhQJbBr tmvpdmgn@meumwx@tmmmmddl n the
ring include a norbonenyl group, a tricyclodecenyl group,

t et racycl ociodse aymperedisrontinedin deyuabhsd serapesiyin ngxlldmﬁ,esmmda

pent acycl opent ?cenyl group, and exanples of the nonocycle
alicyclie gﬂ%d%a 'ncl ude a cycl ohexeityl group, a cyclooctenyl
group, and %gfﬁ]cyclododeeenyl group. Each of these groups is an
alicyclic grouphaving a ring structure funned by carbon atons
and haV|ng QRqaﬁqumq@haﬁp doubl e bond (ol efinic double bond) in

the ring, In the present enbodi nent, annqg such alicyclic groups,
an angel i ¢ gr oup Tstrubberl apdipegerd 1p@b‘aparg¢ ey limhtad ab dongcanposed

She i ol a0 gfe a&cp@feaﬁ%é& (80 20 doplP EHDA AT E L8 o o
preferably 7.0 %fjaona‘ﬁ%ﬁﬁl'ﬂ? thét @Bﬁer%h%imﬁe%&g&nh%% | ess

than 6 carbgh’at onk on of a cyclic group ds'to be

difficult, anerifber Remabhdy, Cd)ﬂeCthgf eiantiias rifvee phitddkl beopgeaidon
atons, it 25tends to be difficult to obtain raM/naterlaIs per se.
[0067] Sui t atke ehanpieslivedt keprfddyel | i gddtionhavithg mhber
unsaturated bond in the rlng ncl ude d|c§clopen1ad|en

alicyelie grotipen&iic s V@i"é‘i/ YOREH JURVERY properties (1nec¥xa111ca1

IISI ea ) oy PERAGLRRNG) A GLILE AT BERIARAN BB 1 Geceny!
icyclic g'l]%@slnsﬂﬁh @Sent embodiment, it 13 preferable that the rubber
tetracyclo[ 13' 6 2 7] dodeca- 4- eny1,

met hyl t et r acyooipoh&)t2bel atljleaa; 023 peloctet drodn ﬁae g,tdmpl ¢omtistimge pélao
[6.2.1.134.02' 7). dodeca- 4-enyl, 9-cycl aohe tetracycl o
[ 6, 21134, 02' Erabykkd: qbgtﬁ@pne rubber, ¥ hitrile be1, a silicone rubbcl an

| 1. 13" 6.02a] dodeca- 4-
"ot 1 oot SEVRRYERIS. 8 Grepd B@IRE GRS B Jiffe-oitiilene
9- et hyl i denefghgacyd gl 6. Zttyilen\]}gﬁ(@f(g’% vikdRgdeca- 48Rk, an
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9-v inyltetracyclo[6.2.1.136.02' 7] dodeca- 4- enyl ,

9- propeny! | ka6 Opfiéheldidne 13BbR27] dRdecantddemydsl rubber, a
9-cycl ohexenyltetracyclo [6.2.1.136.021 cl odeea-4-enyl,

159- cycl operitabmpyghiated impyent opbhe?,. 4 halRo6a027isdodgleas 4opadypdrand
9- phenyl tetraeyel o[ 6. 2. 1. 13' 6, 02aj dodeca- 4- enyl ;
norbornenylA&#EPW@@?odﬁé@ﬁchééziwgﬂhoﬁﬁgﬁylﬁnd a  halogenated
5-1 nct hyl - 2-.ngr bar neny| =& 1-2-norb nyl -
5-but y1- 2- n di;oﬁ)é]ﬁawip-}(qgﬂ}y?sgé{y _12_%13&. B NBEY ubber composition
nor borgnenyl , anA@aNe 5P HIBENEMbonent, the effect of enhancing dynamic
205- cycl ohexyl - 2- nor boni enyl , 5- cycl opent y1- 2- nor bonenyl’,

5- et hyl i deneAgoslastivorchenytesiGicv iang | atRasior bevistargl prought by the

5- propenyl- 2- nor bonenyl, 5- cycl ohexenyl- 2- nor bar nenyl , .
5- cycl opent epsbrtydenso pRyRShYS  Boxp hsmprkablyn 8¥Bi§An e hyaddition, the

tet o[ 9,2, 4. 02". 03 2f | etradeca- 3, 5, 7,12- t et | Il ed
251, 41 net hAROLSEF0 O35 GBFRAYATD- SPAPFhOREHy| Tind: (WEYe 0

L0 2 b DxldpdfgRl @R AR Brebibythn ﬁt&%gaemdié@ﬂﬁ@eﬁ@l %n.;%danl

4 a39,9 a, 10-hexahyd ro antlirac ‘en . d
pent atycl i c exygbn phrder mypdtyc ol efinic acyclic groups such as p
entacyclo [6.5 ,1.12'6,07.7.0413] pent adeca- 4, 10-di enyi ,
nent acycl o[ 980351145 thegpbler 0ampinsah Lo eeEaiBing A-deneyorRmer fitthacycl
0 [6.6.1.136.1141.,13,022 .09" ill* adeca-%a en¥l
s bufadiene’and 1soprene as a monomer unit 1s suitably used from the
viewpomt of being easily available. Such a rubber component
includes a natural rubber (NR), an isoprene rubber ([R), a butadiene
15 rubber (BR), a  styrene-butadiene  rubber (SBR), a
styrene-isoprene-butadiene rubber, an acrylonitrile-butadiene rubber
(NBR), a chloroprene rubber (CR), and a butyl rubber. These may be
used singly or may be used in combination of two or more.
[0056] When the rubber component contains a styrene-butadiene
20 rubber, the dynamic viscoelastic characteristic and the abrasion
resistance of the crosslinked rubber composition tend to be further
enhanced, In this case, the content of the styrene-butadiene rubber ig
preferably 90% by mass or more and more preferably 95% by mass or
more based on the total amount of the rubber component. As such a

25 rubber component, a styrene-butadiene rubber alone, or a mixture

prepared by mixing a styrene-butadiene rubber with at least one selected
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[ 0068] Exanples of the alicyclic group having an unsaturated bond

out of the ridgg HeGbissBoRiBsy BaY inBGra iRy SliEdeddeablssiehd as a
cycl obut ane backbone,” a cycl opent ane backbone, "a cycl ohexane

backbone, a hyxlabeptizEine backbane, usedcyclAzoetdane tbadhedambbera
nor bomane 10 backbone, a, tricycl oqbeeari e backbone, and a
t enacycl odod@EBREINRAEREBREE ek &irROLer RAPIRFNA M GRSHIRAPERhond

out of the ring" .peans.that . heast of t arbon ato
constituti ngC Ogg’oﬁ‘ﬁglé%?g%&y%s %’ § % Ba&gjg?lbl}}ﬂte%o{ﬁ{ B8 TH4n the
car bony at O, £0fSE phatirhd@ tée ik %%%H,UW£&or&$3§9he%¥m§ of
the alicycli'c group having an unsaturated bond out 15of the ring
i ncl ude groupbbwhtampoedony pekimititatit ryroaeehyd pgdingatastufaeom a
cyclic conmpound selected fromthe group consisting_ of viny

| cycl obut anechgragterisiice pongaiAr astaprmindyaling pseapdy is obtained.

vi nyl cycl oh vi nvl eyel ooct ane, vi nyl nor bor nene,

ot hyl i denecj@bgﬂmlaq@%{m\% WF?&#‘%?@%&&%&W&“ COMAIRY at least one
vinyltetracygindades2pg ANk CEAE SISk REMRAGnd 2 hal d

et hyli deneczk@lt%lect ane, g%)lhyflE éeueri or borri ene, find a halogenate

et hyl i@enct rieylohbbec drewsithyipoe berret @romrely cinddbel @R ages, bavigy I opy]

idene cy ¢ |o butane,is epr OQ{I i denecycl op_ entaie, 1sopr o}glyl id
enecycl ohexarepirsoyitbpgiosdiaketpbbeoppantion isfiughraphincdénedycl e

octane, 5 onk OByl | SeDeneLPOF e s CoRETEPane,
Cycl obe L1 BAEGSHEL URE Dk Sl 00 10t PR ey bty
cycl opent yl i feih esd@iine e the Ciibbap emhybicde neAtdediay adetaneabe
15 composition containing such a rubber component, a crosslinked rubber
composition particularly suitable as a rubber material for use in an inner
liner part of a pneumatic tire is obtained, and according to the
crosslinked rubber composition, a pneumatic tire in which air leakage is
sufficiently reduced is obtained.
20 [0058] The weight average molecular weight of the rubber component
is preferably larger than the weight average molecular weight of the
isobutylene polymer, and can be in a range of more than 500000 and
2000000 or less, for example.
[0059] The content of the rubber component in the rubber composition
25 15 preferably 20 to 90% by mass and more preferably 30 to 80% by

mass based on the total amount of the solid content in the rubber
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cycl opentylidenetetr a cy dodo decane. [0070] In addition,

exanpl es of chheostivrey clliecogeoupniavilng 88 bynsatsyamt e lediidoout  of
the ring include a group represented hy the follow ng fornula
(8). Since t7lqg/° i 56 BEsy en‘éci%‘l%?%ew Fash iy ahes SPMBISESRe] e group

IS nore excellent, i r i [N t -r ybbe nent, a
crosslinked GF‘%J%%%@%?%%@%#%@% ur £ ?f?é(iugvglm Olé?aééeﬁsg‘lul{ W&%ﬁﬁ?ﬁ%ﬁa
shorter tingedigmBtaf AR erosQLREd MibbshamysRliohosimihad 4 £H&: CR
R2 [0072] In the fornula, R and R2 each i ndependently represent
a hydribgen axoetlenain al |l cyl group or a phenyl group, and Rl and R2
may be bonded with each other to forma ring. 15[ 0073] Herein,
"substitut ed9®unsubstitutecl” neans that the ali cyclic group
may have a bstit hent. anpl es of the substituent include an
al kyl gr oupiilsgg]&v&n%gf)]ﬁrmergr oup, a vinyl group, an allyl group,
and an aryl grou ﬁg@oﬁp} VAW I nyl
group, a napht hyFng oup, kg% ay&t%égﬁgélp?blyg%gg%gngg Oﬁfﬁ%ﬁ%he
present enbadpewmted titthe Sorpaid (1§ ehdithe wtrpetefabusbteprdstigtd b ere

i sobutyl ene pol yner have as the structural unit represented by
the f8 nul a fg@}ﬂ,ﬂaa@t r uEReurtaim uriolypespr Bigenheiginh e netapdseisl éwi ng
formula (3) and]/or a structural unit represented by the fell ow
ing fornul a ‘CEYY™075] [Chemical Fornula 8] [0076] In these
formul ae, n Me [ 0077] The isobutyl ene pol yner
havi ng t he S[Prgﬁgt@?lg]l&l%&g?%%ap?]esent ed by the formula (3) and/or
the structural uniy represente b% theyformula 5 (4) is
particularly excelll®nt in cros%ri Y&Hﬁ‘lty to the robber
conmponent . e‘Fﬂz_éE(T%r di A8 to di g, i sobutyi®ne polymer, a
crosslitiked Yubber, conposition ‘Pﬂﬁ‘r €xcellent in dynamc

vi scoel astic characteristic and abrasi on resistance i s obtai ned.

[0078] In th : ' i | y
have 10 as t@g@gte? }Sé;l{s%@gﬁagéﬁ %%rpéﬁgglﬁgg%ﬁﬁgﬁf ﬁ%?%lté(ﬁg) , a
structgral usythe feRfies@haedthewirtidteral ohit ewiaaghtéDbyk dofrlla @)d/ or a
structural unit represented by the following forinula (6).

' and thus has sufficient crosslinkability. Therefore, according to the
isobutylene polymer, it is possible to easily and certainly introduce a
polyisabutylene backbone to the rubber component.

[0063] In the formula (2), the divalent group represented by X carries
20 the function as a linking group between. ether oxygen (O) and Y in the
formula,  As the divalent group represented by X, an alkylene group,
an alkyleneoxy group or an alkyleneoxyalkylene group is preferable.
In addition, n represents 0 or 1. When "n is 0," a structure in which

ether oxygen (O) and Y are directly bonded is formed.
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[0079] [Chem cal Fornula 9] OR1 R2 15[ 0080] In these fornulae,

n represent sig@eor vin tRd famehid €2)eRGR:RIRORLRAES Yor RERERERMS 2
hydrogen atom an allcyl group ‘or a phenyl group, and Rl and R2

may be bondedicytlidgreae havather uisatuf dedieaudnin fig. rifegd@&} offthe ring,
i sobutyl ene ﬁ%yn’er .having the structural unit represented by the
fornula (5) playchip @raypriget G A0y paimeonoeyles ied dobpyelived®or mul a

(5) 15 2ot LTI SRRl B3PI s b

crossl F nked G4HRRSY isGREBABIhANLERLBuGIGE hbEHer B dY E\ﬁ)‘ﬁaﬁgetzugzl ned

vi scoel asti e charact'eristic and abraSion'résistance is o
[0082] ha t hkavesabuigttveneal pohd/ireits nidie chapothy ripeiyitrieopolyati o of
the structural unit represented b)épthe formula (1) to the

structural umey fwther bpeasensaseratpg bopd oter than theumyatiugted dond in
ticularly limt t th | t.age.of . the st |

i ¢ repr esoleatiasy b apinaeiD o5 S BB Er abiy P! 3% by

ol . Iore I ahehaliieh bbed A0V LIMld 038 btk RaouBlBbRAAD! Y 2 tO

80% by nmol based on the tot anount of both the structural

uni ts.]0The cHPehyBkenplzadt tie disyile fenehoony s pasadsatd band &b
average val ue of the copolynerization ratio of each nol ecul es,
and can be dtering nedudy areaswrienyl &g cmpagichgetdng! isitwmsi ti es

of the resonance signals of protons, assjgned tq the respective
structures b%ufiyqqf%i?ﬂy 4Por 3@rwg®‘g‘f?}lﬁl-|z%m%t oy, @
(00831, Int j o] r,tihe, i [ M of
the 20 strucarapennrREEROpKIR, " ExBRETE! 8L APndOA® o
the structur alicydhé broup RicksRM 8Elddyxdnpgabeecykotkhd oed)p, BRY be
any of block copol ynerization or random copol ynerization. in the
case df a comwyniodeteabnyl b yiEede of dhepergroups tis hastlibgdie gl i cul t

to subject naonmers having different reactivity to randam
copol ymeri zatP8pe HHNDSTHC efb‘F‘lé'gerW FA tgit%'ﬂs, aéldcgﬁ‘ﬂpgla‘ii on

1, L1 AR LA AL SEREIGY 08 05 b FBL oW 1

present embodiment, among, such alicyclic groups, an alicyclic group
not including a polar group, that is, composed of only carbon atoms and

20 hydrogen atoms is preferable.
[0066] The alicyclic group preferably has 6 fo 15 carbon atoms and
more preferably 7 to 10 carbon atoms. If the alicyclic group has less
than 6 carbon atoms, the formation of a cyclic group tends to be
difficult, and if the alicyclic group has more than 15 carbon atoms, it

25 tends to be difficult to obtain raw materials per se. |

[0067] Suitable examples of the alicyclic group having an unsaturated
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above formula (2) is adopted and thus even a random copol yner can
be effecti velgndoht tak nag: in&iu@@%éblc@enm'b@htalia?/@foagﬁum)b@ﬂdsar

wei ght of the isobutylene polymer is preferably 2000 to 500000,
mor e pref er abbyel@eoddiesy!300000, m@nﬂgﬁmt‘om@tadmﬂf erabl y @@000 to

333?2% o SLBI PR e L oA ieﬁ&’%@[ﬁ@ﬁ@fﬁa@ﬁaﬁﬂfkg?he
ot ymor 1 & HegiAR PR 00 BPRGE £ WO, oni TR, of the o

rubbers conpqg{rgdy@rb[@q_ltlhg?ﬂgcddag@d_i-eﬁﬁ,d 10 rabbet conposition to
be obtained may be inferior. Iaip t he case where the wei ght average
) @

mol ecul ar wed-glethyiltstresyclofmlly 1.6t dodewedssdhnl [ ity of the rubber
conposi tion an he erosslinked,rubber conposition to be obtained
i s favorabl e’fa'e&'t!hetﬁec?yﬁlpfé}si'ilnk%’b|dP$?°§'4rW|]veof to the rubber

conponent : Jql 1.4 i ynam ¢ physi cal

properti esn?%fo:?&?]ﬁeg&gé&oagg@%ﬁ%é%?r U(Eg@lr)a%cgrﬁpo "tion. [0085] In the
present enbogli-p@BpentfiREaGRM[ENL . 16F 0 N deoay pyieCcul ar wei ght

subst ance whose npl ecul ar weight. is 1000 or less in the

i sohutl§| ene Patefimiencicsabpaldly.2nakS.0bdodess4-epykef er abl y 4. 5% by
mass or |ess nore preferably 3% by nmass or |ess based on the

an 3
t ot al armunt9“2ﬁlygfief%eﬁ’ém%¢éﬂét23ﬂl-]sn@ "Hepdsreri-enfhe content of the
| ow nol ecul ag_ wei eendrs, t,hus, coptrolled to thereby
obtain a cr o%' Ydﬁ'ﬁ%{é%cﬁﬁﬁ%%‘?ﬂcO?rpids?fi??ap%ewa’r e excellent in dynamc
vi scoel asti 09_3,95158@?1{&[%?@[6[glzam:i’ﬁg@bﬁg&e@aﬂe@@hst ance. [ 0086]
Herein, the content of the | ow nol ecul ar wei ght substance is
25det er m ned9fydpherehpltaiaayclaiéi2ght™ 8F §todebartticanl, measur enent
results by GPC (CGel Perneation Chromatography). Specifi ca:’%ﬁ:, a
plot df el Bovelarenisnylievayentad dh 1t - he)oderaptienyi el uti on adtshint) "

measured by gn, Rl tec (;Rek ive i,ndex Detector:

di fferenti al BPEF?YA@WQ‘}?@&& dg?}i‘iqd(g?a)‘hiegﬁwnverted to a plot of
"ol ecul ar Web, @Bt PUblicysBt Ng groﬁ»é]sandgﬁéﬁ curye (£abhiBhRhyON
curve) previously neasured by a Standard substance (pol ystyrene)
to thereby obtmdthyls-nmbeathd] SweiytBinoehsbenyhl-bupl-Zusrberneayid
concentration fractions of respective nol ecul ar wei ght conponents
are accut nul athexy-2-8odBEany. a "ol ecul ar wei prHeywenghertepget i on”

pl ot. .Thus, it i 0ssi ble to determ ne thhe proportion of the | ow
nol ecudt’ar mé&ﬁ?ﬁ’g%i%ﬁégow e. nol eculsé?yc%@sﬁ?' lgéfflo”i%gmfﬁﬂe or
| ess (% by S : )8’ ntent of the isghutyl yner
in the rubbg‘rg%za(yrlrl&%%)tglﬁgﬂ)g?geng?ef erably 0.5 t%%glt%gr&{ﬁgnﬁghﬁass
and nore prefSarafdnyl-2-nbthofnplrt s by nasscypheddfl-pabitsreyylrass
of the rubber conponent. The content can also be 3 to 30 parts by

mass, Accor disriycloperemi-2anarbiperyl.conposi t i ord-pheng-dosttonicay,
rubber conpositio A¥xcallent i 1 C Vviscoe] astic
characteri sti%%ﬁacﬁﬁ?@g'ﬁﬂ r'gs!t]t@tr 8%'?>5%P%{Qt[9%ﬂ¥ r b(élfrs?i er’@edperty
and oxygen. balgreimafl-OPCLIN-ERAMDRS.ARRARG,) [0088] The ngjhod
for produci ng’the 1 sobuf yl'ene polyner "I's not” particularly
limted, andtdt@cydspon e a0tpiehadedant,s BhigbhdeapbutkenecR@dand a
cationic polynerizabl e nononer containing a vinyl ether conpound
represented by the following formula (7) are polynerized in the
presence of a Lewis acid catalyst is suitable. In the formula, X
n and Y are the sane as X, n arid Y2ln the formula (2),
respectively. Cl-12-CHO0-(X)"-Y(7) 25[0089] As described above,
whil e the present inventors have found that



the content of the |ow nolecul ar weight substance in the

i sobutyl ene ) PRS- 114000 TRhd:@HydrBaithBESHY), @RG ai n a
crosslinked rubber conposSi'tion nore excellent”in dynamc

vi scoel ast i geahaydict exri $igher angtliabrodefindn s@shist grops tivh prsesent
inventors have further found that the isobutylene polymner

obt ai ned by peniepedebideld! plodlictpenadest-Ad8-digivbsed 5 to thereby
provide a crosslin r uhbern 6 siti further excellent ;in the
dynani ¢ Vi sé’c?@‘aﬁ%"fl‘%’(@%c%g‘rb ct rﬂg%%%de%'gngfﬁémg rasi on resi®fance
of thescrossl hes | eonpogiity I That is, it is

pr ef e(resabl e t'egfmytéﬁ]g'?gbbu%yl Eraﬂge' po]llhgﬁg?e[cgg{g%blpol ymer obtai ned by
copol yner i zi[oged|skrautpldsarfehaditythegwup thvieg he anshBuaodpondhout
representeddgy the formula (7%1 in areaction liquid to which a
Lewi s aci d ciths 5isg inghde ar@pips hpeng e mpgeiheigreaijenes ¢ sydehiédieand an
aprotic conpl e)dng agent. i s further added if .necessary. [0091] In
2001t on. 1 TPEKE En gy S LGRS A IRERon s RHSEHE BBFIom o Rar
nunber of t i cil al ys o] ar, % f the
prone 15 con%ﬁ%@%%@g%a%{(@tﬁd %Ihgyctl%({}%nk rr%?g?b%ﬁ%j n’gep%o Eﬁ%
aproti@ conphekbdi@, agetmicycloddat tigckite eaelt iaonettdchtlbodedi
defined as A, Bl and B2, respectively, and the total nolar nunber
of the vinylbaskbae. cblepoyibasnghireesetiratel hand cwbpiohy meg! matison i s
defined as D, it is preferable that A 131&132+D% be (11 to 10,

A Bi be 5 t oA lgRPneRS i CRORIPRs SERsISFing G 9D TtFREdPeBb S yI ene

pol ymer thus i RIS IR o A -of. ecul ar
el oht - subst BB ASE oS R T bHE, £RAL £3kyBa} B6n; A0, S
S% by nass ookeSExangNey éfEh@flicyeKe etdup Mavik faf Ghsairatl ibbhd 6t
enhanci ng the dynam c vi scoel astic property and the abrasion
resi stance oéf thheingriogsdd gkegs ohihibed by shpositing one hpdpeOOZHm
Her ei nafter, one enbqdi nent of the gti{;od for produci ng such an
i sobut yl ene BeMyAeFYGicl FOBROWES E7lFE i gleaBIow FYBHEPE (Net hod
for Produci ne Pol The pr i hod
n&pﬁ%?&%&f&n% glfﬁﬁl‘ﬁscﬁ'tologentane P Qfgglgcérbfépe%re,

according to the’ present embo conprrses a

copol yneri zi pigylicilbktipydngne W t Riglsichiskiagd,ner 5 copperRthene,
represented by fornula (’7) in areaction liquid to"which a Lew s
aci d cat al ystthgittnecystobnene,ovpiydixicndodegeney visykaceytl advdeamme,

apr ot |28 conpl exing agent is further added if ne(i_essary.

ethylidenecyclobexane, ethylidenecyclooctane, ethylidenenorbornene,
ethylidenetricyclodecane, ethylidenetetracyclododecane,
isopropylidenecyclobutane, isopropylidenecyclopentane,
isopropylidenecyclohexane, isopropylidenecycloheptane,
isopropylidenecyclooctane, isopropylidenenorbornene,
25 isopropylidenefricyclodecane, 1sopropylidenetetracyclododecane,
cyclopentylidenecyclopentane, cyclopentylidenecyclohexane,
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[ 0095] Then, in the present enbodi nent, when the total nolar
nunber of t heclopwitgliRatgclontmbwst, the tgtiabemplidenedyumberngf the
protic 10 conpl exi ng agent and the total nolar nunber of the
aprotic conpiyelepengylalyasnorbadensd t eyderenfididendiaeyciddgennd, aane
defined as A ively, and the total nolar nunber

B, d B
of the vi nylcyépﬁgftﬁé%ﬁé Rﬁa;?g%]@agéeé@feed to the copol ymerization is

defined as 1-14:B2+D). i t L3 | t 0 ,and

g2/ 131 15 0 PSR PETERRer R o SR Ml o I

sel ect®d framsitherdroond @ansi e g @atludé er grewamresenad b 0B

hal i de conpound, a titanium halide conpound, a tin halide
conmpound, arfoldwingrfomials)de Stwapouisebutdaneaprlymenkavieg sugh an
conpound, a tungsten halide co und, a . ybdenum hal i de,
combound, ALHA BIATHaS H0 GRS SORG 4P BF kaRrde.

[ 0097] Mbre i.fi.c t ) G L Y i-ncl ude
boron hal 1 a& Rgupgira St SRk Bher cBob Bt nASHEAL ke
trifluoride pddrboi@®istgbtdihadori de; titani um hali de conpounds such
as titaniumtetrachloride, titaniumtetrabrom de and titanium

t et ai b@li de; [ODW ]N&hedeatBopolmdls 25such as tin tetrachloride, tin
tetrahrom de andtin tetrai odi de; alum num

hal i deconmpounds$s asal um hl)n’t richloride,

al I cyldichloro urn, and “di al kyl chl oroal um num anti nony

hal i de conpounds” sudff s antinony pentachl ori de and anti nony

pent at | uori dep7zjungdaiceforiald, de' GadmRURSS: SddeerdisniRERtRAt a

pent achl ori de; nol ybdenum hal i de conpounds such as nol ybdenum
5pent achl or i lnelrogeamntcah,umabigl grhep coapbenydi grospcinddy and R atayrhe

peut achl ori de; and _petal al ko%i des .such as tetraal koxyt hani um
[0098] As t heondeduwvihgashoptheriaqrayaring. | s possible to use a Lewis

id catal f Or g 2. it , | exi ent,, f
e, o gy Helshh e BBt hue BRI b e YRR
case where sugh, dadhat®WisShsfiledt. C by off helkt®stitudd SndlRleas,

nunber of the cornpl exi ng agent that forns a conplex with the

Lewi s aci d cakgl getp,iscalabogl modupde dinyd grdigp, aotdly] gobgrandranber
of the protic conplexing agent or the aprotic corrgl exi ng agent.
&

[0099] The c®dhBERPngEsBRIES 08 the ABREBONRI DicHE & FACIH: B ¢ nat ed
to 15 the cent tal of the Lewis acid catalyst to forma

conpl ex, an&%ﬁﬁﬁ@@&gﬁ@&?ﬁ@@ﬁ’agents, a conpl exi ng agent

hayi ngoa_pr ofoanaranatipgedhihiddints, 8l safigdalppafefblotal e
conpl exi ng agent, and a conpl exi ng agent not haglng a proton
donat i ng abi isbbytylese mefyeter dchve casatheasinaprdt indt cenesicd gy dgent .

Herein, "having a proton donating 20 abjility" can also be
rephrased t oformupaB).er grochiel wnt mareamischby thet otlowimg formula (3)

copol ymeri z aataulx Gras %%’Eu'ra? Nhit represented by the following formula (4).

[0075] [Chemical Formula 8]
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[ 0100] Exanpl es of the conpl exi ng agent include oxygen-containing
conpounds such as ter, alcohals, ethers, phenols, ketones,

al dehydes, e%&cer—ecn%gani c aci e(scraﬁﬂHg%’ d anhydri des;

ni t rogen- cont‘ay ni ng 25conpounds' such as primary am nes, secondary
am nes and teftiary am nes; sul44ur-containing conpounds such as

t hi ol s and t hikwet hers; 3f)hosph s- cont ai g,"gng conpounds such as
friphenyl phose; and( nor gani pnpoun such as inorganic

aci ds; and eath--ef them can be as a protic conpl exi ng agent
or an aprotic onpl exi ng agent. [6X01] As the protic conpl exing
agent, water, ohoI s, phenol s,ani c acids, primry am nes,
secondary am ne$, thiols, and the*li ke can be suitably used, and
anong them al cohols and phenols are pfeferable. [0102] As the

al cohol s, al [0l k thesgifergnulac; B repoesenis Bo¥ lat ons are Preferabl e,

and al cohol s i 1 10 car bon, at.o are re 10preferable.
More speci fi @Q?ﬁyfﬁwgﬁﬁylg © Pﬁ@&f)}m{%%d%“ﬂ‘?@?ﬂ Il,%pl@fe?’i‘ ol ,
n- propyl alc ol i < , and
anong them %%af%%jl%?g ?%xﬂ/g??&%kﬁuﬁ{ﬁ ggg%{esegﬁg&&ﬁé gdr}%ma
preferabl e, (40i0tittatpt:esllat it fessbiikaolis tb Ny wiberpheapohent.
o-eresol, meresol, and p-cresol, and anong them phenol is
preferabl e. TBNY1BAIrdng fthdhepsabuiyiene opglyesi, nay caepelmkederibbers
ket ones, al dehydes, esters, tertiary am nes, thioethers, and the
li ke can be %‘l#ﬁozi%\o? IB%&XCQ%B{ H}T@}Ffé‘n}‘ﬂé{iﬁmé&? rcg‘a’ﬁﬂtﬁné%ct are
pr ef er abl e. g&%@%ﬁtﬁgﬁaﬁgﬁ L§, a &l kyl ether is preferable, a
IC

diallcyl ether In the al kyl group has 1 to 20 carbon

atons i s nor popsehethabiesentadithdaett] tlekydbuetifer pdlymihingh hikre
al kyl group has 1 to 10 carbon atons is further preferable.
[ 0106]10As t has Bstsemsiurad nwiti rapigkrinidd zpnhthestoemulp @l 4 gnfcoratechiby an

| i phati | cohol havi I i phati
galr EO)E(I;: IC Ca,ge%re%entec? \i)lyngne fglﬁ)vgmg(;: %gx%]a a&??ﬁ o?da asr’srugmlraq L%]titl ¢

a¥e
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represented by the following formula (6).
(0079] [Chemical Formula 9]

%CH—CHZ “{CH_CW

| i ' r
o) O
n n
% (6) ©)
CRIR? |

CRR?
15 [0080] In these formulae, n represents O or 1, R' and R? each
independently represents a hydrogen atom, an alkyl group or a phenyl
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acid having 1 to 6 carbon atons is preferable. Mre specifically,
25exanpl es tghampeaid Rhalditfenaebdlyindtdwitheach abdryd firoramtge, net hyl
acetate, ethyl acetate, propyl acetate, butyl acetate, pentyl
acet ate, hexy98lddaedsebutylenspadypgs hayaeathe stracturgh gnih pemiesentsd m

Cotal morar tHnpaRERlechsS fadon whettdhml O SLIET BT UB AIRNE (0°
the reacti oqgeig%%ulam%xwkﬁi InRORNnIBMIRE ko Bl Qbbel B&nﬁd&h{.c

conyl exing a be“added to the reaction liquid, the 5 total
mol ar SunberThea, atcdrdieg ajpr dtei cobwpiehexiohgnageaentrosdinked adbted t o
the reaction liquid, the total nolar nunber C of the isobutylene
to be subj ecoBWOsiBoRE GpBE Prestlpitaln] dyRamindsetstastio thira@eiste andnber D
of the vinyl bet her ¢ n?‘oun r.eé)iesent ed by the formula (7) to be
subj ect ed t GPEBROI" FATHHNS as follows. 10[ 01081 The ratio
of the total f Lew [o o= 4 ] he
total nolar [gg%g% t%%q%%ht élg r%ytnﬁecr’ g{égn%?@%ngegl%%@nﬁ% t(IE)%tIhJiJ' is 5
to 400, The spuofuta @0nwpessemegl dgetit foasulbe@h toigbalsiryctigednitn an
equitnolar to the Lewis acid catalyst or nore (ratio Aftli is 1

or |ebd) datrepigsantes Yir ibddewivdn(2fs aet Hagisblalylangedpbitthemolaut i n
trast, the 15 f th ti npl, exi d i

st 1o be | dEEEPHER YNGR it FerCene Ho ity Caruay ) Bsed i n

th t [ t ' [ f th
e presen i;ﬁ&@%gigg@ 1o 9% bPedr AR reﬁfﬁ%gdﬁ%a@b% PEAYSGACT the

rati o A/ Bi ove TFange, an I sobut ne poly i ch

the content frbaostiecanlpd 16 86% BnmnadbeedlcarthweitdhinGubst asge i s
smal | can be obtained, and an isobutylene 20 polyner excellent in

effect of erthaniciagadymisni Thetepobeieazaiion @hahestcernisponds
abr asiﬁgn resi stance, i n crossl i nked rubbe ion can be

conpQsi |
obt af hbd. [ CHGUES VElue &f SRR S 6 it Fscand can
pol yrrer i zable, HRARREL, SHE AR IrORME XbaDGHIS ROLMERLIGECdh pihe
protic conpl exi ng agent “serves 25as a pol ymerizatron i nitiator,

and that as iehéhaa@bighal®lof oy &sighed of MY eospativadendtues Hyar ger,
activity (nononer conveysion rat e) Is increased. Therefore, in a

convent i onal HpNodRiend/on GEYMBE 00M Bizsmetbndi dered that the ratio

ronomer  convBPET o 1t GCbMer PRBFIcH B B P EORES R SRR e kDl y 5

(0,903 BRI Btk L oFD WIS U5 Rt S T
unit represented by the above formula (2) may be any of block
copolymerization or random copolymerization. In the case of a
conventional isobutylene polymer, it has been difficult to subject
monomers having different reactivity to random copolymerization, but

25 in the present invention, a combination of the structural unit represented

by the above formula (1) with the structural unit represented by the
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invention are nore remarkably exerted. [0111] The ratio of the
total nol ar abundbfrmada2?) sfadopted prdthiis ewarglerddmgopdgnér dao behe
total nolar nunber Bi of the protic conplexing agent, 132/131, is
0 to 50. Hersdfecitydy phitined. 131 B1 being 0 indicates that the

10aprotic c 1.ng nt_is no dded - t he ct.ion, liquid.
[0112] The ﬁ%d’i)ﬁgﬁ/ f%’%&tsa‘ﬁ%%ee&%og?cg%@ {Vglggg %gnaenﬂérog)ug}e erably
0 to 30. In QiR 06l 100000, Reoré plef@aidl2 Saddliol 0860, tO be
in the above range, ;ind thus the content proportion of the | ow
nol ecu ar weinghturtichsprafecablcalDioe M t208000.edlbed vaiglt amverage

i sobutyl en. e pol yner whose wei ght average nol ecul ar weight is
hi gh is obt anpleglaTweshidssomersa Wapkt 3verage inqlewbs swightyMeear |

but is considered hecau sjde reaction such as a chain
transfer r edE?ﬁSBWdiq’%' tﬁﬁgﬁj&g%@ﬁbyﬁtﬁ‘g “3%%‘8#?8 L@eowfﬁléﬁg%eﬁaﬁeagent .
[0113] The rafi;af wEitQﬁﬁ Bf)ﬂ)lélisdm{ ne! $r 16 Hodhet tfl%n'—tﬁﬁ‘uﬁ &cid
catal yst 20 to the total nolar quanti 31 +B2#D) of the J‘i])rotlc,
conpl exi ng agent prodesatkilityodi ehe ol xongosdgentandntle tdaesshinkeyl

et her conpound, A/ (B1+B2+0), is 1 to 10. hi the present
enmbodi®rent , 1bbersamposifen knbruplbtaiged fiey berinferier. c dnfiecsebeyrbergent

per that of the Lewis acid catal yst. but als he anount..of the
Covi s aci d b SY AparEq R Sy o [h e D of
conpl exi ng . 01 ir: . | Ryl

et her corrpoﬁtggr}?%beggg Pﬁg%&&drﬁﬁg%m;énﬁﬁ%%uty g%re oofai;fr%r%\rltb?% whi ch
the content g¢higpeat tis Gavapiblé,hbutl eovcrvedigestibly wer@lfittosthbsidbae i s

| ower can be obtained, and further an isobutylene polyner nore
excel | ent i ncoafifosent dy beKaissprmteddy Ampiic dynsoisatasicalgroperties
charagéeri stig¢, and qjlé[sacgqiuﬁg resi st.ance in a crosslinked rubber
5conpdsi t i onCidBHCI9ESBKeEURET CORBPIU The ratio MB | +132-111)) is
preferably 1 1 : I 5 t 10 AO
' b2eD) | s 108 BRCRrERAE cROSARLAD e ot br MBI HBEhR
invention argeighCististdeearkabl noryent aekigiOk. 160 Theaessatd eheof the
total nolar nunber C of is‘obutél ene to the total 10 nol ar nunber
1.) of the vispyitylenhpelymenisdimby meh orclass, pef@aldy #6Y4 bpoasseerd | s

Sabut y T ene. 6 FHORCHAGERG L SiA DBIS e bHrerZat IGH abito | s
obtal ngc. _ands AESOIALNR BRAE | SADURLENE ROV B otle, ALfect

of the prese I nven n-aré nore remnmar 'y exer 161 It

i s preferabl gishaate thenkeamilonsd ké qhirehyCobfadi B GosiBhM@Nfubbbt 1S
preferable that the solvent be at | east one selected fromthe

group consi stamgpsdéfonhabegecealiead i yirmca riesng astal dhphrateristic and
hydr ocar bons and aromati ¢ hydrocarbons. One of the solvents may
be used si ngFlif?Sl%‘%f@F\ﬁBm%"r- more thereof may be ni xed and used.

[0086] Heren, the content of the low molecular weight substance is
25 determined from molecular weight distribution measurement results by

GPC (Gel Permeation Chromatography). Specifically, a plot of
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20[ 0117] Exanpl es of the hal ogenated hydrocarbons incl ude

chl or of orm kY hgne bk tﬂgﬁ)l%urtg]ué géﬁﬁ&g%ﬁ;‘;}:ﬁg ﬁeasmgcel ,by an

1, 2- di ohl or oet hane, n-propyl or |

1- ehl or opr opRh@etedioc [iRefatiRe ratidy Detopan diffetential osfodotivanedexl
-chl oro- 2-net hyl but ane, 1-chl or o- 3- met hyl but ane, .
1- chl or o- 2, etficias) iy tanvedeeio a-plahiomenleeul3-wiightawpblunsing a 251

-t hi -2,3 -dinet hyl burt. - I t

i- ch:e{)?o- 421_ n%i‘ﬁ%%‘%i’%ﬁ@@%@ &flla’%gljﬁf‘é’t%ﬁ\e;ﬂp%@esgwg by a standard
- cbl o¢ 0- 4- e ] ane... . _

1- chlo% 0- 2- nn@ﬁjﬁ%(%egg?\ig&yi&%f%r gﬁg t hy exd anné?lfcmm weight

chl or o- 4- et fiykibex@neurve, and concentration fractions of respective molecular
1- chl or o- 5- net hyl hexane, 1- chl or ohept ane, 1- cbl or ooct ane,

2- chl or opr oparight 2campanentdutas e acRmatiielt openelina, 2- tholoswdrexane,
52- ehl or ohept ang,, 2-chl oroqct ane,_ and. chl orobenzene. [ 0118] As
the aliphati WejﬁsﬁY"élggtr E"Sﬁéo,nqﬁPIB'paF@PS’b{Stlér%’?m@éntPa ‘?m"l[‘fé%él%ut ane,
hexane, hept -0ct C - [jet I

ct gl cyel onclna e A e S A el

benzeng, tol wgirgmisxm)(e&qessa(m’db}e]tnaysb‘benzene are preferable.
1010119] in consideration of the solubility of the isobut gl eue

pol ymer to bg08B Bheechntanihe of/i the osiobytylshe apslyiet | bin thdrbasi ness
in heat renoval, |t is preferable to use the solvent in such an
amount t hat 9%@%&9@%?}@&@@1&8&0ﬂhé’aﬁ%ﬁbw WIS PRI er
copol yreri zat i i . 0 i.e i of
enhanci ng pr%)dg(gp ﬁsng%haﬁgﬁgrng?/djé%ﬁ(}a@gmggsregggfeﬁ%k) yél "W&‘.@&m

preferabl e thdigentéitQal QS6EH 3 kd1 36 paks BR nARPUM cdofBihp tdSuch a |
concentration of the isobutylene polynmer after copolynerization

is 1 6 50% hpbemssnpokBic( crfdinkainobieer composnon abiwsxcalient in
polymerization is preferably about 0.1 tqo 8 nol/1 and nore
preferably aBBine WscoplagicnEhgracteristic,2 abrafem Aesivance, @aiss| \wemt  used

at pol yneri zati.on i referably, 0.5 to t] t hat of the
nononer us edgélﬁ@%f’é?%r% di O&‘%ﬂyl?/alné% p(l)?? e’i@ %? %Eg&%\%“%%osi ty and
control of heRRsPeAE BLtheN. fof Preddeidet thesS iRbakRABOIRyHA ReRber M
t he copol yneri zati on under an
particularly limited, and for example, a method in which isobutylene
20 and a cationic polymerizable monomer containing a vinyl ether
compound represented by the following formula (7) are polymerized in
the presence of a Lewis acid catalyst is suitable. In the formula, X, n
and Y are the same as X, n and Y in the formula (2), respectively.
CH)=CH-O-X),-Y  (7)
25 [0089] As described above, while the present inventors have found that

the content of the low molecular weight substance in the isobutylene
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at nosphere of an inert gas such as nitrogen, argon, and helium
Wth 25respaslyne tihecormblsdr & atherechy obpbl yaresrogdinkeh, bberi s

possi bl e to adopt, .any condiéi on, (tior exangleg, ,un?er or.di nary
pressure or SHRFEFILORRAE Grelan Bndyapic Shisoedista cigactersierm®d ype
of the nono -t h i i
Ferper at ur o i o By KRS E Rl (Ve X TR ERL B
perform the jsORONMIESIFEA OBttt a apdetiicdi Fbditios teftodng used
condition so that the polynerization systemis unifonn. 5 [0122]
The copol ynepitzathoprogsln alweosplenided matatr compdsitrongkethgslexcelnbiat ch
systemor a egi-ba,tch systemin which éﬂf %(()I vent, the |fﬁWI S
aci d cat al ysifle WYHEIE VEEPEIES APFTAUPTHTCAP@ A A0FaTEngprigence of the
conpl exi ng a vl .the vinyl ether conpound

repr esent ed ‘%§&§lﬁéédf51§%¥éﬁg%‘?&gnd the like are sequentially

char ged to OEGQQ(Djeﬂ%ii@,n_itVﬁs\?\Ef%lferaHTBethétoﬂféO%bM hé Zlﬁ)lly:rﬁ)é} &Y al so
be a conti nuous nethod in ich the solvent, the Lews acid

cat al yst, t hslpnet bletamedblyeccpnhregent, sothtylegr atd thecunpl etkémng
agent, isobutylene, the vin%I et her conpound represented. by the
®

formul@ (7),compoupfecrrsRaed by thedgupaa ((hpracasdpn §aedie Whisdds| v

charged to syste I.n.the case of the continuoys thod, the
5 eapect | ve-ehmione st O S Enrth s R Ao R M e
in such a rapigidsmesas hehyistthenhoyR if Aldegatye! ationship.
[0123] The tenperature condition at the copol yrrerization is

preferably afoot] klfidition, HE0Cakovd copslempriedtienabhon thboutt! rAdlat o
1-10C. The reaction tine at the cogol ymeri zation is usually about

10 mi nut es tmberOR dlgy Sevala acigraatalisa s tos gerlar3pmiien of B rrefl
hours. [ 01241 The .f arm of reactor, for use..n the. . .

copol Hieri zafTBACHEE fgtt paf e QR T e 8F Mgt copglexing
preferably a,shiriedat@ne €38LA" Lol ast RMelUr & hheat egfq i not
particul arl ya%itnﬁ t(gdg, 'gut “i’s pr ef é?%@’l , ?or exanpl e, a stErE’ucture
whi ch can cordpetivelgohridnijie ittiabmjote keibpaof thearinlyl 28vdn i compoand al | ow
t he nononer, and the Lewis acid catal yst and the_cong[exi ng agent
sequent i al | yswigsad edhe @omymmza@pmw&ﬁn@édw%dt 15 materads ththe

sLrcture TR 59 Bs 8 SEUHCLH By UGN SRR/ BRRRLRNET U T
W th a2bar 1 T IBPETES (0RaRa DOARE IhEXhLRRA, KOMERY AR gpop ! ded
stirring bl ag®e lb@rmolecular weight substance whose molecular weight is 1000 or
less 1000 is 5% by mass or less, exerts an excellent effect of firther
enhancing the dynamic viscoelastic property and the abrasion resistance
of the crogslinked rubber composition.
25 [0093] Hereinafter, one embodiment of the method for producing such

an isobutylene polymer will be described in detail.
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5 use in the stirred-tank reactor is not particularly |limted,
but is pref¢d@dly one in which circulation and mi xing

performances of the reaction liquid in the vertical direction are
hi gh, and t K¥fedhogriar Rrgrpcapg {po NHPRYMERi ng bl ade such as a

(mul tistage) pitched @&I d%? ra turbine bla i.n
relatively |ow vﬁéj%o%rg %Pg %ﬁ&?ﬁ&&g@%wﬁ% @?eg%lgscg@?d%&éf t he
pol ymer i zat i.@pFi&ACh | §dp éplc%dlﬁﬂeﬂiﬁn¢ Rsdbhify | ed®ith Of vERY el
centipoises, a'large bllade having a Targe "bottom paddl’'e such as a
Maxbl eénd bl admpoend-tdprezanted by foepula (B mnekdaetiobliqdd,to aviidh aF

M xer bl ade_and a bl ade as described in Sapanese Patent

Appl i cat i on Lesiiy aagesetalist ang-opotig sanmiexiig geant v sdded eyd @Bgi on

of several, tens of 15.centipoLses. t veral hundreds of poises,
and an anchc?]pr%l!césajélzpileé‘m(gc?éé%tlI%Mlg’f ?(@ﬁﬁﬂeﬁﬁgﬁ%l ade, a 'foghorn
bl ade, or tf[@ods'r] kﬁeh,nmath@b%erﬁ!cﬁﬁ)%ﬂrﬁe)ﬁt,rvﬂﬂa'nocﬁe aftalSRYIS Rbmbwndr eds
of poises or nore. [0125] Hereinafter, one aspect of the nethod
for produci ng thhelLéwinbhdid ydaniyst,pthleyoeal mblar menishowh the2Pfodiz26] in
the present aspect, the Lewis acid catalyst, the protic

conpl ¥ki ng agemiexingngcaipingtthe togd msllaxivbengethe apiogesemplesns and
the vinyl ether, ¢ nd, are conti nuously, supplie 0 a.reactor
o per T ot m oS FATE 18 dof afeefo ol s eREEE Al Bkl A oot her
conmpound. [0, : g8 : I - dBe & }?&{ﬂ of the
conponent s g%%é%ta}e%'éﬂl sd?gaﬁj ﬁgﬁ%%sﬁgﬁ%eﬁerfggi g@?@%}ﬁgt?rg |od

Al (31+32+1. )shbjettaé t6 diel @pdlyihdAzaind i$ Befinedtak ®, B2(HEB,LDY fRd to
respective above ranges That is, each of the conponents is

suppl i ed to ha/Beasdted0Gendhds: wRdn50he amount of the Lewis acid

catal yst su I i s defined as (rriolfh), the.anoynt of the
roti 15 conpl B9 GHanis st G5t RRaBet Bt v ebieatd biofdie R5Eut ne
anmount of t : 'fc&%{&% WAl P-Ta[cTp\E H'Bigll—’. j | pedi.as b2
(non), the E&Q%Du béft i SO Izéilﬁe?le suﬁgfl e ?@ngﬁﬁﬁgﬁi g@fhg
(mU i) and dogoanduntin dbliddemvionytl, &t denirceihgduRdosipophd, e i s
defined as d (nol/h), a/(bl-Fb2+d) is Ito 10, a/bi is 5 to 400
and b2/ bl i santinmtopy5tielifle12ehpaing, met Hoeesteor kaligpl ywomgoesth 2of t he
conponents to t r eact is not particularly . limted, and for
ol o ¢ hePabBIET G RBEOBE Tobrbth eldnoheiuit S be
perfo d by j: a first supply liquid including
isobu?g}a_ene_,m?tﬁiem%&ﬁy' et her conpound and the solvent, a second
supply I'i qui @odTIcMeti f@cifibexahied 6f 6O MBEXAIOCBIRN incAlMd bolts
aprotic conptexing agent, and a third supply I i_guiq i ncl udi ng the
Lewi s aci d cllide gempounds lvechr asdotar trichlaridd dosmsa flupedesntfrordiewi s
acid catal yst, Jjs  15gaseous, .a gas incJuding the,Lew s i
cat al yst nayhﬁu%&%%lte%ﬂ halide LompRENs R %ﬁ hanivin tetrachioride,
titanium tetrabromide and titanum tetraiodide; tin halide compounds
25 such as tin tetrachloride, tin tetrabromide and tin tetraiodide; aluninum

halide compounds such as aluminum trichloride,

29



[0129] Each of the conponents supplied to the reaction liquid. is
cont i nuous| v, $SERRIARENiALS Lile dialu@ymﬁﬁmgmm;pmﬁn?n  halide

predet erm ned Teaction conditions. "To the reaction |

di schar ged fgonipothiés r eadi oms 2Ginsimadyle dyenfahlogdanping, wainemy
thereby nmaking it possible to stop the copol ynerization reaction.
[0130] One entbbdivaadt ofngdha m]iltﬂrffgd EGRPPRGHUCPEY Bhe EESEGL ] ene

I is d ' b . but the isobutyl I i ncl uded
"h Y he ubbaerEHEaEH PO bt i SISy i FLUVPE HE one
produced by EéaﬁloﬁHQVGtaH{agﬁHCtﬂaﬂfé MeLRPSnds Ok3dd The thsabut vl ene
pol ymer may ‘be one cdnposed of only the structural unit

represent ed ptdcheritierand ngetd] ln)koatids §dee as tettaatko yltartunh t
represented by the formula 35@2;? but may anther have a structural
uni t differ 098] dmtiehbewistastl satplyst tirialposhbleso wor lesvaamick,

L, O L B s A R e
| sobutyl ene %ﬁgbéﬁlﬁh &?ﬁ@é‘i ¥ $BSnRALHIRL © ﬁie”@aq? DheldGich a

production net case where a bl ock copolyner 1s

producgd, onEedid\iciddatlit @clsehatie Atldrh@inier ULhdlcdhpRids agent
represented by the formula (1) and the structural unit

represent ed thyt foles & opmplen withXhe hedisacidl cotkyst isalaadndigdednin dreonat i ¢
vinyl 10 co und, as a, nai onponent amel y, bl ock containing
an aromatic Widlylokh Bk q?ntﬁﬁgﬁ%&ﬁm%gﬂf@ogg% FeSE BFUfor e)
is preferabl @%iﬁ %g%tt he aromatic vinyl conpound, styrene is
pr ef er abl e. ﬁﬂ I % €r Conponents) 15The rubber conposition
may further @EPYRTRe Yafiplexte himiOf Sirfehual el 8an bd tdordiBatedidber

extender oils, softeners, and the |like for use in the rubber

i ndustify fi ethe.center metal of the Lewis acid catalyst to form a complex, and

among such complexing agents, a complexing agent having a profon

donating ability is referred to as a protic complexing agent, and a

complexing agent not having a proton donating ability is referred to as

an aprotic complexing agent. Herein, "having a proton donating

20 ability" can also be rephrased to "capable of acting as an initiator for
copolymerization reaction.

(01007 Examples of the complexing agent include oxygen-containing

compounds such as water, alcohols, ethcrs, phenols, ketones, aldehydes,

esters, organic acids and acid anhydrides; nitrogen-containing

25 compounds such as primary amines, secondary amines and tertiary

amines; sulfur-containing compounds such as thiols and thioethers;
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[0133] The reinforcing agents include carbon black and silica.
[01. 34] Car haguhARkohfirth (BRIMLIECdAS of NEpHALBhOARIR Agent
fromthe ZO%V?I;ePleﬁ%i r?t of achi géi ng ef egts gucklﬁas Pgﬁr{{%ag@gmcenent

i n abrasi on ih@gist anagouren badicanropanio acidk;| andgactes $emanae be
characteristic, and prevention of cracking and crazing due to

ul traviol et l(Spq1 e8/eprolio poTeplexing PERAL of @t apyelyr WHuYSom ageThe types of

carbon bl ac ot,particularly.limted, and it .is possible to
use convent ﬁgmﬁl& @gvmoﬁ%rcﬁawll%‘l‘%I?,geff%orwaﬁ%e?é%P%: pgﬁﬂ“ﬂ%n

bl ack such : , t | , ,
channel bl agﬁ?%gaﬁ phi t .angﬁt%él)%cgﬁ@%fgggﬁsi g{s?&g’:?ﬁi gll‘sgqtﬁ%e
particle sizgn bdiguipdle wed, uiRl amdng eespakbhile @dr pemelsamea of

carbon bl ack are not particularly limted, and it is possible to
appropri at elyefggblevar i ous carbon bl ack conventionally used in the

rubber i ndus uch a E, | SAF, HAP, FEF,. GPF, and SRI' al |
are abbr evi a[{Dﬁ@s’g%fﬂlecéfcﬁgﬁ&bfﬂﬁg?@l%lhﬁ‘gggf]i E(d Qceasba d “Esoalﬁsgl'M
standard D - j N Do qt as| | ack
is used, th g%gaéﬁet%a%@eragg?o@o%é@néeﬂje ilg Eﬁg%%&ﬁ@%&@?@o 0

partsibpy masgeRRbldIONeoR ehifablly, dtiniletthapaft sichde M&EaRer 100
parts by nass of the rubber conponent. The anmount can be 30 to 80

parts by nassghanehd-prapyleéccol, isopg@ypaicoiwlpdtetsdutyl alcvii@andhe
amount t hereof coppounded is jn such a.ra , .the &Teets as the
rei nf or ci ng B heEaMpBanolsthag ))’?‘“Q@ﬁ"@\ygg‘?‘ioh‘ﬂt%%PW&é F

conposi tion t ' it 1 dinpg to
the present CRPRuer fshOtal Rk, SRABESIENFERRLIY oo
as the rei nfﬁ&gaga@%ﬁgngf@gm,@eﬁ@bp@mrm be used w t hout
particular limtations, and exanpl es thereof include dry type

whi t el8ar bon[010&]t At ythe aptitic ecomanldxdme, agabt etbeiisc ketbhdse atdehydest e-
carbon, colloidal silica, and precipitated silica, The specific
surface ar eatHHs.SPIPRATIECSH HPowhe s iaad ither ke gap b saideblypsedsind ca i n

whi ch the specifli u i aldy in the range of 40 to
600 i n2/g an%ﬁ%%‘f@fé&%‘é%&ésﬁé}? h%pge;%%{éﬂebf 70 to 300 nR2/ g can be

used, and si [019§]TA§ Mhie@Brdt RedipkyMBhYr Rfrbietdb®, S &E8lkdyB eth@ 1o 1000
mu can be used, These may be used singly or may be uSed in

conbi nat i on whichwbe alkylngyroep hashetodifoeantonoftoss Isi wareysefdrabke, and
preferably 0,1 to 150 parts by nmass, nore preferably 10 to, 100
parts 28y nas8,dised aheronerhigh éﬁe@“ﬁﬂl growphesp | 1040 23hwnt gomy ismasss,
per 100 partﬁwﬁ% mafes (i)f t he rubber conponent. [0136] For the
pur pose of c L] ﬁaé)esi lica, a slinme coupling agent may be
conpounded t Q)1RE Ak AL QktefOTIRRS WBRh FX&R! Bishdofs e ityaie
coupling agent include vinyltrichlorosihnme, vinylidethoxysilane,
vi nyl tri s(3- agphaox yleelidlihaxipy dith 6anghon atoms and an aliphatic carboxylic

| 3- (3, 4- epoxycyclohexyl)-et hyl tri met hoxysil ane, .

53- chl or opr op§if| haviet hoRy&icreve, Zowh|1smspfenplr t Mt nvksisralkne,

3-ner topropyl t.rijnethoxysi |ane.3 .
- er C;S{D oprp oﬁ%pzliase Fﬁ?ﬁ{}@f’?@ﬁ gle,ﬁly? formate, ethyl formate, methyl acetate,
ethyl acetate, propyl acetate, butyl acetate, pentyl acetate, hexyl acetate,
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bi s(3-(triethoxysilyl)propyl)tetrasulfide, and
bi s(3- (tri etahdxingi h@@p@?ﬁ@;ﬁh@ aineng thieie ethrssteriaprafablsed si ngl y

i1 arte 100d0pT Ny agRHO RO B SR LSO APRATOA P o bee

depending ¢ PN WEQQ! but
it is pref e?ﬂ act)(fcedt%%?wbe gde% rtt@@gﬁ@t‘f’ﬁ%&!@?@ﬁhég}éﬁ %@?‘S h nmass of
the tubber OREHotic E%Pl@hn@% érﬁ@o bé Luic@a to te rbﬁct@@%ﬁhﬂal get O use
m ner al powders such as cl ay an% tal c, carbonates such as

magnesi t un carbomér evarbd: Babﬁﬂwmplfﬂlccmnhﬂﬂaugagdwm bt eddedltam na

such as al um num hydyr.oxi de, and the like. [0138] As the rubber
extender oi Ithe fgactian Hgwid; %FéOf@ mt‘j’gé THOSF Grit § El%ﬂbllty&%le to be

oo o < e SRBOb Bt oL B, W, hAE O dere' v
preferably Qit@ ea%@cmgé@adhx ﬂg@eﬁ@edp@rthé@&nw@me e°cté21ftot he

rubber conponent 139 anples of the softener include
veget abl e satpehﬁﬁszsumhsasbﬂaWk oils mainly containing linoleic
acid, oleic acid, and abietic acid, pine tar, a canola oil, a

cot t oHseed dpﬂOS]aT}gerghgpfmqtotalamel&g ﬂ%‘rﬂb@# of he &3 %ﬁl ¢ cagplyst

factice, par oi,l s th C n

pht hal i ¢ aci'd eot tERA %ﬁgﬁ gﬁ}ﬁ dnﬂﬂf')ﬁ]ggééc@t é’%ﬁount
of the Soft%640025%m%ﬁ9%gmmx&geég%h@hwernt Qs&ﬁ%ﬂﬁé 43y mass
per 100 parts by mass ‘of the rubbér conponent. 40] The rubber
conposi ti on antmeldi tegtht d avhieaqid esbyst enthocd (red Alm;ylsa] spleeont ai n
various additives for use in _the rubber industry, for exanple,
one or two &WWrﬂée@FO%ﬁ@hf’féRllﬂ&?ﬁfy er§m0ﬂwnel, hutmo@,@xtqaﬁk
agent,_a vuI cani é’il on_a tor

e 12 Vi R B pr36E Sy RE R R aclt el AT R Deb B ﬂ”’f"h
amount of eaﬁﬂo&lft of SRl dlil 'ch%@sﬁ%@@Wﬂgg)ﬁﬂsbﬁ t%fdﬁﬁéﬁl yp0- 1 to

10 parts by nmass per 100 parts mass of er conponent .

[014]] The rmbtp&rsc@tcnmmdﬁmntalﬁudaﬁsbenfltls@ﬁubwsﬁ\@ﬂmmé rdnget he
rubber conposition according to theotgr esent enbodi nent are 10

crossl i nkecian gobhigicapypobiseai it whishdss|conkeldpiopbiien elothgole i on.
He th | i.nk d rt larly, | t but it
S or of or abl GOREBePF RPN GRS RS by et st iy
[ 0142}, That O}B(ﬂxmbxt el e ekt t&atenh%]ﬁnfré' qg/ﬁﬁmfco rm&%‘sltaktﬁn

accor |ng t present e Iment fur tain a

crossl i nki ngelRgRMristids aﬁmeaﬂxéslm osslstantelngh agesiossliaRed Usibakd y
used for crosslinidng a rubber can be used wi thout particular

|i mitations;campbstion coebappiriopd.i at el y sel ect ed dependi ng on the
rubber conpo nd the.isohutyleue pol yne es of the
crossl i nki ngﬂﬁgé]ﬂﬁ ’Fﬁ@Pﬂ@l@e‘ggﬁ theEr%g%tl(%ﬁkPﬂﬁm_ﬁﬂ%e_sn?B%e’és
sul fur, mor phofing. sl ahbidBopngkiald oy RbEn Ok} bhae ea08

25 as a polymerization initiator, and that as the amount of the protic

complexing agent is larger, activity (monomer conversion rate) is
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20or gani c peroxide crosslinking agents such as cycl ohexanone

per oxi de, m?ﬁé})ﬁse&cetlﬁ?ﬁﬁ)tr&t fn @eE&Eﬁrbﬁ‘@onaLgﬁédxﬁp&Y L REROXYit ils

i sobutyrate, tert-butyl peroxy benzoate, nzoyl peroxide, 1auroyl
peroxi de, dicousifyrkd plent o teip AR, tiekterbasey ((fopexaxpldel antbss) in
1.,3-bis(tert-butyl percxyi sopropyl)benzene. The content of such a
25cr ossl i nkiotderdgerteapsthp mememgbtopversontrete5 parts by mass, nore
preferably 3 rts., b S d rther pref rg&b@ lto 2
parts by ma Qfmg(el;he 1110?%?) : ’_r%éﬁ%%ahlé’gp_étoo‘wbt@g W?}}ﬁ)t?éerfgré nt@n_t.
[0143]5 The rigpberyamRosidd apnaGens fnthot g Biecsfls GbRdl ment
may al'so contain a vul cani zation accel erator -ahd vul canr zat'i on
aid, if neceggattivn atldhaodubigaftbiaekatedaccel erator and the

vul cani zation aid are not particularly limted, and can be
appr opri at el[§1Eld1 Batreto afithedsieimdlap enabergBovf thhprotialshaplexing

t, the i tyl I d.th .0ssl i nki, t
Contai ned i et (B COBoSEIGL BbFe: Riok VS Ear U
cont ai e UL , ,

' Exanpl o5 of TRE Vil Koz ot P o TR RLror P oy rhd] D D10

accel eg at or sapstidconspld:@ig Bt Wbt fidud &t t@p@siliduide, _
tetrani et hyl thiuramdi sul fide and tetnethylthiuramdisulfide;

t hi azol e accldll82]aller sitie UniB als 1Refamblyalrtio 66 20d hicae prederaliig 0 to

di benzot hi azyl disul fide; sulfenamde a erators such as
N-cyclohexyi*b-SB@%H%HWH%Vﬁ@ﬁLP@Ha & gmsmtoﬁenntcelch

N- oxydi et hyl ene- 2- he, i .eni Wny de: I 6 .
apcelerator§5£§%ﬁnggméggﬁéﬁéﬁéﬁ§¥F#%pﬁgngggﬁnVQ&ﬁ&hﬁhngagﬁ

di orthot ol yl ganhel bey, bahdeRy denRE BRd 36 GEIREALR SolPHENwASseA

1li - butyl al dehyde-ani |l i ne condensati on product” and a butyl

ai dehyfle- nonebighty bemigeenclendensaghtos pglodudtainal. ddhy dessamdoni a
accel erators_such as hexapet ernetetraJniagj and 20 _t hi ourea
accel er at or sTaUEHIA SeeasFBA Clsan bR} Heconpideter doprse avids EatiHase

Used s ngl y. R Ehof oo et fLratrotny owilbl W SRk on

The content gimiiBanyB&ani zation accel erator is preferably 0,1 to
10 parts by mass per 100 parts by mass of the rubber conponent.
25[ 0145] Exaffil &k Thé rdtioexfvhe tothnmédrinombei A of el luehas peitl abtalyxt des
such as zi nc oxide 1(zi nc flower) and nagnesi um oxi de;. net al

hydr oXPdes stecthe tatal melagiqumtity dBosttl) ofitearroba reyaplariag 28eth as
zi nc carbonale and basic zinc carhonate; fatty agids such as

stearic acid n&P{ﬂt’& SOUR eé{ngalaig ataing H%et al et s E¥APED i ne
q ) , : ; . ) ‘
stearate an %ﬁlﬁmﬂ%rmeh% Bfes rﬁ%ﬁboﬂﬁn&h,”ﬁ&?%*?{ﬂﬂi Sle

and dicycl oh rdne; and et hyl ene” di net hacryi at’e,

pht hal at e, 1krhos- bfivfilel puojit cedieximgy egant der thati @ thyl Lewis acid
i socyanurate, and trirnethyl ol propane_trinmethacrylate. In the

case where t heslast/oitcdsn Hgt depinhiod she Lewsowpd eaabd penie tthial eof
b d singl t O e th f . b d

Combi Rt | on. STHEMCYE RO CHMRIPURA BEA-2 e PBIS APl et &SP L)

0.1 to 10 papfs Y VRASRE" cdAPoRAr i delinctOMefifisOfant REbtRRST

conponent .
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[ 0146] The rubber conposition according to the present enbodi nent

can be prod Vi | . s I :
producti on t@?ﬂ%ﬁ lgw&gﬁ%g?‘tégghph%gﬁg’ﬁgﬁﬁﬁié% ']eﬁ;?(%?rcpu?ag,@?l%h tcan be
produced by gubatiidg i ever eSPBE bbiviRied oiitd FEIMr Sin USibn g léhekideagkirng

machi ne such as 15Brabender, a Banbury m xer, and a roll mixer.
[0147] (CrossdenkexdelRobber edegosift iehyncing  dymhivec ¢ vissstlisticed

rubber conposition according to the present enbodj.nent h a

structure | rORRFEHSH e ob 10 i5ONEREE aftd athvéoszbnk@iobws@qrene

pol ynes arc c%é@)%ﬁii)ﬂ g&qjeo%tg , £ Ccrosslinked rubber conposition is
n nal '

excel l'ent i am ¢ -viscoelastic characteristic, abrasion

resi stance, [‘O@Iznghéal@éHo W(Bf%ﬁp?(%epﬁefcré’d’ljﬂ Pxppgen bad rngfe
property. Therefore, the crosslinked rubber conposition according
to the presentfcaholintnt Whsn diwefatib Ad@ @Bsiddbiein thetabovalanger
tires. Specifi c&l I yéfdilor 25exanpl e, when the crossli é{i}ked r ubber
conposi t i on @e e ofght Bresmb Ipeldrre BREoEMIERPlY &eliged for a
tread part tqr e, .braki [ ( - L DRI roperty)
and rolli ng_oﬁoég}]g%n@éggﬁglre gc agrﬁlggl? P%%g?re@égﬁg%@g?gg)n egﬁﬁasi on
resisi@nce igoRt 8AnEFATLE BBlViRE cBRMBGhS W /D, hebeasaovgne t he
i sobutyl ene polyner is riot conpounded. [0148i The crosslinked
rubber conposidtis prefaddp2do 260.t cAtdvedipg swnl a@ndindioremtthodmnbe
produced fromthe rugq%fr conpositi on,b%/ a net hod, usual ly used as
a met hod forlSeRusdens melweera haviBhed | SWablee senmymaerizafion hislip ade

where the rubber conpositi.on _ cont ai the ossl.j nkij agent, the
r ubber conpo‘?tit%?’fl%cga agi%]dlggttggﬂ? %"P‘ﬁ&%@g ésdal? ﬁh?r%f S?ﬁbe to

t hereby obt a'@qﬁtg@gﬁdﬂia&x@ﬁgréﬁ%g{abmm_ti on winch is nol ded.
in the 10 esired form and which has a structure in which the

r ubbet 5 conpojiéid] Bngptelieahle ciuithyd eneiopaiquit tomaie aefobesit.i Mked.
[0149] Since the crosslinked rubber conposition according to the
present enbopriefette ithpt dhe spivent be mt dsashene solesteddramtthe eroup

cher aet o oL 38 P YRSt SR B R
appl i cati O”Safola?l]grl‘é;'hgé&o%ﬁiﬁ&?s, pr@ﬁ%ﬂﬂl@%oﬁ‘%@g rxﬁ%@%%@cd 58%1"}',661""@' €,

it can be sult sed in industrial r r er apprications

such as an i tustiéralthdsedftmagrie mixad ktussdlr i al rubber hose. It can
al so be used in applications such as a rubber belt, a rubber

hose, 28 r ubbEX1YoEkamplehosike Aglogenated aydietacbops inslysiesdnlprefoms, 20
vi brati on- pr oof,i r ybber, aptiglare material, ebonite,
lining, a m’dﬁﬁ‘?’&ger%‘g‘ﬁgﬁ: lgﬂgﬁgﬁ?é%ﬂ}aﬂﬁbg&j‘ﬁgﬂ?@w’%e’ pr BtiREt , an
extruded pro : } ugt ri_ S4_\ r
Footvear, " Fhbhs R AARIRLRE Ep Rl ioner L SHOER YRaAIIRER,
eraser, a nedicRrobutber 1 phtduCtmetaibekest ri-chivtorBmethytiangict i ve
rubber, a mcroporous rubber separator, a gas 25mask, underwat er
sporting goodishlozo-BavdimathyBailang, t oys, ballteblorer3gedineBelibytane,

25 1-chloro-2,3-dimethylbutane, 1-chloropentane,

1-chloro-2-methylpentane, 1-chloro-3-methylpentane,
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a di pped | atex product, a cast |atex product, a |atex rubber
thread, a fRAMGLULRRMYIRNMILE! NARRIoHRRB, PlhRko-hak&NyREQgUCt S,
paper sizing, carpet backing, synthetic leather, a sealing
materi al , a Istidef-nakdyjireeafe, mat eri al ( synt-bklore4podtlyyiRexane,
roofing), a coating waterproof material, a polyner cenent nortar
(I atex cementchipiotampthythesmes  asphzhtorokantinat ex pallgroocipas50]
The crossli rubber c sition according to t resent
embodi nent %ﬁlﬁgrgpygpﬁ,cgmqrg}b@mct ag1°§[°ﬁ(§388mp?r a?h ‘?]I&QEexane’
application,y. 74 {chn@PRUIGRLIIRASguch as aut onobile
tirel tcfﬁbe, aznapgrr?g?ﬁfiﬁer?ﬁ)godbcead’p% |°ﬁ§’§‘f’%g’e§1 a belt, a tread
rubber, a si{deld]ubbethe Wayhatitshgkadartidhs, mbginealwitansegleathe,

aircraft tire/tithe, bicycle tire/tube, a solid tire, and a
retreated tincepeft@Eshixaspdichtaneatctane, etetohexass meHvlogdlobensper

conposition according.to the prese enbodi nent can pe uysed as a
mat eri al forar@oﬁgﬁaﬁ%kﬁéw @Fé’éﬁé’ﬁ‘g&t ggntge &r%ﬁm PREIGi ng a
tread part) gohe %&Hﬁﬂgwn@}ﬁg% Robermbud bkl fid 0ad surface. A
pneumatic tire i1n IC tread part 1's configured using the
crossignked mublemh aasEastibl oNtHeSoRMORY lo€itle sebudBEnpdlPREND

property, and thus excellent in driving stability and braking
property. | nbeacltiingbnhe viseasdy he spivdomand easiriepein keabrepwivekt i n

o e R ae R Ehe RS SR bttt B derion 1 e
Fur Lher mor €, oSIGE AR BUIREL Gall Eof'poiﬁne?f&g&&f{ gsgg&i B &5 on

resi stance, it can ong-term-usage.

crosslinked mugberr&e RO Siidvntast aiiltihfigg tRodREoREB@Mcy and
enbodi nent can be used as a material for configuring an inner

| i ner 125par t opetabpliteitrist pirefetableetoinge Wieisolveaininisneiean hinoent tiwathe | s
configured using the crasslinked rubber corrposllti on can,

suf fici ent | yCHEeRiEd0Rof tedspbygecne HHEST eopplynezatp i 1P
prevent the g(?}%%l efs$ti onrolling resistance characteristic due to
air | eakage. d ?? he pneumatic tire according to the present

embodi ment  hag 0T Phe monomer concentration ai polymerization is preferably

about 0.1 to 8 mol/l and more preferably about 0.5 to 5 mol/l. The
20 amount of the solvent used at polymerization is preferably 0.5 to 100

times that of the monomer used in molar ratio in view of a proper

viscosity and control of heat generation.

[0121] It is preferable to perform the copolymerization under an

atmosphere of an inert gas such as nitrogen, argon, and helium. With
25 respect to the pressure at the copolymerization, it is possible to adopt

any condition, for example, under ordinary presswe or under
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exanple, a structure of two or nore layers including a cap part
in which 5 BANh chSeih-aughds i i L

surface, ar?péésg aggﬁdgf"?ﬁil%at ed flthésll g%?ﬁ{gf&g%?*ﬁ%%egﬁégﬁ or
all of the adps@aed, 1he polynferigaic@dehyetatiee, chdsisd lilk edn ruditien,
conposi tion. Such g@gneunati c tire can be appropriately produced
accor di ng t dt ds meethudlef tr ppifotudhangopelpneirrion cndpr ¢ ugfisignta
conventi onal |y .known. r ubber co sition. 10 [0154]. In the
pneumati c tisrt%méﬁ: ’ioﬁéogﬁ‘tﬁﬁg}% RN @{f‘ilﬁ%‘{&,’m?'or exanpl e,
a partcor al el sLi.ner ItSmEQnt i t

cr ossl?nkeciﬂo}%bfg%% J g%}]'%étgbﬁ,cag%% GI'laf pnglt}aﬁaitg#%ﬁtq}l}r?% acgaagchbe
appropri at el gysiefroiue edmabmol dvsegntia whiskthosblian, Meaduas ngida
pneumatic tire using a conventionally known rubber conposition.
15 [0155] | icatadyshathovotipcenpleaiigeagent dbié nprotis wmpléxengprgsdnt

i nvention. are described, but the present invention.is no
limted to t ithe Pyl ethegrcog H%qf é‘%Pf?Sﬁ%Tcﬁ@é]é%fm?ﬂH&e&Yt)i on

may be a net hodaf.of: i t |.Sohu ‘POl tg, a
rubber mat erélha thfcopkeﬁg{eép?%ﬂtglﬁgﬂlgngﬁrr%etﬁi% H{ér g%h%t(lﬁga%rrpgﬁ%fés of”
r ubber o conpongRlynidtightthe nfahealks e r) cof@nhiels fl@sal nnkiig bR
t her eby enhance "'wet-gri ppi ng property (or rolling resistance
char act eri stgodyent, nlanedwis acid wetplyod teqrotendrandéxg agent, ¢ieppiroits
property (or rolling resistance characteristic) by using a

crosslinked FOBNESHNGELEY; lﬁ‘l)b‘}'iﬂ@il‘?adh%v@yf G@Fb?‘é‘r)?P‘?‘%dvmpréanﬁ%

rubber materj ' - (- r 0SSl to
configure a %’?%hggﬁg%@?ﬁd ?1&91? #%nggg‘éég%!a&%ﬂ@eﬁ)gﬁ 'iogllt]’ Qégll% t ance
characteri Stékfar%eadfc% AfeAST O {HRSEMRL ATC et BEIACBEHOR, the
associ ation with the ernhancenent in wet-gripping property in a
conveifi onal resgrchive cdroponentp apviongneuslylsbppliedante misgdtemue kuard ppi ng
property can be enhanced wi.th ro]li ng rﬁsi stance characteristic
and abr asi ontatiegp & whely theateve mtiojrplafieshibubber naterial bei ng

iUl ned. 50 h0RA 0 e RGOk LIS B Rel, LNERLIRD.
i sobutyl ene pofy MRio Eoo+§O°CUQﬁﬁﬁmf@bﬁYérfdly PUIE T t%“rlbb@. g?ﬁémat Ic

tire (Exanples of rubber component include the rubber) f

cr ossl i nki ngreactidnhéme by thevanlyenewatien v apollyldoui Hr mimogentdy and
oxygen barrier property. That is, it may be a method for

i npro¥Png t hBowk pnd pralesaply drouy 3@nunuteste 2dpWigsi ng a crossl i nked
rubber materj i a struchir in.which the rubber .materi al
tnd the | soblgfERB Jrg Ea AL fisolf, dbE Tobdl b PG £ 2

i nner |iner ibulafR} 3RS but i Rlptlerdiey & ddStmk bRt ESROL

i nvention w %ﬁh%&%re sp’ec}lf ilcal y eiS esc?clﬁ ed w t%%r ef e?gnce to
Exanpl es, buttridnee pthesefitis i mv epriicutarlys lindted) iboi tie réforabianipt es.
[0158] (Exanple 1) M xed solution 1 in which tricycl odecene
vinyl et her EkenRE.naftrediyre sohel caesonrdigt ea@dngat daigckeymart) and

i sobutyl ene (hereinafter,, 20 soneti nes, represented, as. "M,.
isobu? nc anddn§lr AWY BoMeBRREhRE Y X&dS At e‘iﬂ‘t@@&??&ﬁéz in
whi ch dehydr u . ﬁgﬂb, LOt.C. (G P nt
and et hyl acg%Igl S&% ﬁbaf)%@)l? IC oﬂ%’?giﬁ‘g Hég‘élﬁw)‘e“‘%&ixgg‘? and
boron tritluoricle gas were continuously supplied to a 1000

m -vol unme aut ocl ave equi pped with a stirring blade so that the

25amount of each of the conponents ggpplied was as listed in
Table 1, and

=




allowed to be reacted at a reaction tenperature listed in Table
1, and the reatcki dhe sinttucensagise barishudus! whidh sahbe getidefl009]
The reaction ,gas perfornmed for 7 hours, %r%ij. tlhe reaction m xture
obt ai ned f or™ish Riieatahg@pEPautiads @B RIEMH RRRIREFORIY "Xat i on

car oi um hycraiger S ek lngt A% SRR ot BELWREVER) bR,

and a cat al yStaffi@platii® MaE O8eahe khielvordhlen, T @ini@2BkLHO for
m xture was filtrated, the resulting filtrate was washed with a

| ar ge anountusefinwddtee stitréd-tek t Teaeter dandndt hpartidrlansd limnitdd, amttydr ous
magnesi um sul 11;falt?§ and_tgg]é olvent  was distilled under reduced
pressure by RipferrOl Qo i Pdich eir@ition AdsHIRE PEHETBHES? 1

[01601 Here, as the tric 0 ene. vin er Xt ur f a
conpound replF e§18h?1&8‘ ]39 tﬁ?ﬁ&@lﬁ%ﬁ (g‘%}ﬁ“ﬁ%’" ﬁé"r@%‘pa@?iﬁ% a%enéoimgbl?’
conpound 1 epfses §RtifthoMadd @ich @k qhuligstdeey El)t(’d}ﬁd (pAdd1d bRRS and =
synt hesi zed with reference to Production anple 1 in

| nt er nat i onatwbfhetbliadeaini onrldd@e1204Q/vVi@B665egbn Samdiaistbel visc Gyl ]
[Chem cal Formula 10] (7-a)(7 b) [0162].(Exanples 2 to 6)
Each & i sotift {icenalypss castion ¢ gpltiog” \fadn dbe dirdedot merdia

20 s .in Exanpl h f h of
e oenetafiyh L Guds WS R AllFa” RS 0 05 ©
( Conpar at i veyExaem gﬁdé,dé uzRRbiRe, a Sunmdide Bt i $Rhwkene

polymers D-1 to 11-3 and B-5 was obtained in the same manner as
in Exanpl e Ilbledeceptl thbladd he avwuibed of Efmhesef Patehie Aghipativent s

suppl i ed WaSLa%S—CI)pie?ltI\Ieoq 1i0—rj'24:’2|-390b1!nea I%'iddle viscosity region of several tens of

15 centipoises to several hundreds of poises, and an anchor blade, a
(double) helical ribbon blade, a logbom blade, or the like in a high
viscosity region of several hundreds of poises or more.

[0125] Heremafter, one aspect of the method for producing the
isobutylene polymer will be shown.,

20 [0126] In the present aspect, the Lewis acid catalyst, the protic
complexing agent, the aprotic complexing agent, isobutylene and the
vinyl ether compound are continuously supplied to a reactor to perform
copolymerization of isobutylene and the vinyl ether compound.

[0127] In the present aspect, the amount of each of the components

25 supplied is adjusted to thereby set the ratio A/(B,+B;+D), the ratio A/B,

and the ratio B,/B; in the respective above ranges. That is, each of the
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25cl osest to the baseline between the two peaks, the respective

wei ght aVeraﬁﬁwﬂEMe@ﬁi&?nﬂ@ﬁghb§tﬁéfbﬁ@ﬂ@Kgﬁamﬁﬂﬁﬁﬂhﬂﬁuaﬁﬂdﬂﬂ

pol ymer and the |ow nolecul ar wei gh | ymer were determ ned.

[0170] [ Tabl mplla]semm by itlee omplag), dgltangaenfunhw hyven gnentd)ult 0 2.0
15 . 103 I 16 662 367
(ngl elent tzrom %hese two structural umts,  For example, block

copolymerization may also be formed by subsequently reacting a
5 cationic polymerizable monomer other than isobutylene with the
isobutylene polymer obtained by the production method. In the case
where a block copolymer is produced, one having a block having the
structural unit represented by the formula (1) and the structural unit
represented by the formula (2) and a block including an aromatic vinyl

10 compound as a main component (namely, block containing an aromatic
vinyl compound in an amount of 50% by mass or more) is preferable.
Here, as the aromatic vinyl compound, styrene is preferable,

[0132]
(Other Components)

15 The rubber composition may further contain various reinforcing
agents, fillers, rubber extender oils, sofieners, and the like for use in the
rubber industry field.

[0133] The reinforcing agents include carbon black and silica.
[0134] Carbon black is suitably used as the reinforcing agent from the

20 viewpomt of achieving effects such as enhancement in abrasion
resistance, enhancement in rolling resistance characteristic, and
prevention of cracking and crazing due to ultraviolet (prevention of
uliraviolet degradation). The types of carbon black are not particularly
limited, and it is possible to use conventionally known carbon black, for

25 example, carbon black such as furnace black, acetylene black, thermal

black, channel black, and graphite. Physical properties such as the
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black are not particularly limited, and it is possible to appropriately use
various carbon black conventionally used in the rubber industry, such as
SAF, ISAF, HAF, FEF, GPF, and SRF (all are abbreviations of carbon
5 black classified according to ASTM standard D-1765-82a in U.S.A)).
In the case where carbon black is used, the amount thereof compounded
is preferably 5 10 80 parts by mass and more preferably 10 to 60 parts
by mass per 100 parts by mass of the rubber component. The amount
can be 30 to 80 parts by mass, and can be 40 to 60 parts by mass.
10 When the amount thereof compownded is in such a range, the effects as
the reinforcing agent can be favorably achieved in the rubber
composition and the crosslinked rubber composition according to the
present embodiment.
[0135] As silica, one conventionally used as the reinforcing agent for
15 rubbers can be used without particular limitations, and examples thereof
include dry type white carbon, wet type white carbon, synthetic silicate
white carbon, colloidal silica, and precipitated silica. The specific
surface area of silica is not particularly limited, but silica in which the
specific surface area is usually in the range of 40 to 600 m%g and
20 preferably in the range of 70 to 300 m*/g can be used, and silica in
which the primary particle size is 10 to 1000 nm can be used. These
may be used singly or may be used in combination of two or more.
The amount of silica used is preferably 0.1 to 150 parts by mass, more
preferably 10 to 100 parts by mass, and further preferably 30 to 100
25 parts by mass, per 100 parts by mass of the rubber component.

[0136] For the purpose of compounding silica, a silane coupling agent
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silane coupling agent include vinyltrichlorosilane, vinyltriethoxysilane,
vinyltris(B-methoxy-ethoxy)silane,
B-(3,4-epoxycycloheryl)-ethyltrimethoxysilane,

5 3-chloropropyltrimethoxysilane, 3-chloropropyltriethoxysilane,
3-mercaptopropyltnimethoxysilane,  3-mercaptopropyltriethoxysilane,
bis(3-(triethoxysilyl)propyl)tetrasulfide, and
bis(3-(triethoxysilyl)propyl)disulfide. These may be used singly or
may be used in combination of two or more. The amount of the silane

10 coupling agent added can be appropriately changed depending on the
amount of silica compounded to be desired, but it is preferably 0.1 to 20
parts by mass per 100 parts by mass of the rubber component.

[0137] As the filler, it is possible to use mineral powders such as clay
and talc, carbonates such as magnesium carbonate and calcium

15 carbonate, hydrated alumina such as aluminum hydroxide, and the like.
[0138] As the rubber extender oil, it is possible to use an aromatic oil, a
naphthenic oil, a paraffinic oil, and the like conventionally used. The
amount of the rubber extender oil compounded is preferably 0 to 100
parts by mass per 100 parts by mass of the rubber component,

20 [0139] Examples of the softener include vegetable softeners such as tall
oils mainly containing linoleic acid, oleic acid, and abietic acid, pine tar,
a canola oil, a cottonseed oil, a peanut oil, a castor oil, a palm oil and
factice, paraffinic oils, naphthenic oils, aromatic oils, and phthalic acid
derivatives such as dibutyl phthalate. The amount of the softener

25 compounded is preferably 0 to 50 parts by mass per 100 parts by mass

of the rubber component.
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may also contain various additives for use in the rubber industry, for
example, one or two or more of an antioxidant, sulfur, a crosslinking
agent, a vulcanization accelerator, a vulcanization retarder, a peptizer, a
process oil, and a plasticizer, if necessary, The amount of each of these
additives compounded is preferably 0.1 to 10 parts by mass per 100
parts by mass of the rubber component.

[0141] The rubber component and the isobutylene polymer in the
rubber composition according to the present embodiment are
crosslinked to thereby obtain a crosslinked rubber composition. Here,
the crosslinking method is not particularly limited, but it is preferable to
perform crosslinking by a crosslinking agent.

[0142] That is, it is preferable that the rubber composition according to
the present embodiment further contain a crosslinking agent. As the
crosslinking agent, one usually used for crosslinking a rubber can be
used without particular limitations, and can be appropriately selected
depending on the rubber component and the isobutylene polymer.
Bxamples of the crosslinking agent include sulfur crosslinking agents
such as sulfur, morpholine disulfide and alkylphenol disulfide; and
organic peroxide crosslinking agents such as cyclohexanone peroxide,
methyl  acetoacetate  peroxide,  tert-butylperoxy  isobutyrate,
tert-butylperoxy benzoate, benzoyl peroxide, lauroy! peroxide, dicumyl
peroxide, di-tert-butyl peroxide and
1,3-bis(tert-butylperoxyisopropyl)benzene. The content of such a
crosslinking agent is preferably 0.1 to 5 parts by mass, more preferably
0.5 to 3 parts by mass, and further preferably 1 to 2 parts by mass, per
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100 parts by mass of the rubber component.

[0143] The rubber composition according to the present embodiment
may also contain a vulcanization accelerator and vulcanization aid, if
necessary. The vulcanization accelerator and the vulcanization aid are
not particularly limited, and can be appropriately selected and used
depending on the rubber component, the isobutylene polymer and the
crosslinking agent contained in the rubber composition, Herein,
"yulcanization" indicates crosslinking via at least one sulfur atom.
[0144) Examples of the vulcanization accelerator include thiuram
accelerators such as tetramethylthiuram monosulfide,
tetramethylthivram disulfide and tetraethylthivram disulfide; thiazole
accelerators such as 2-mercaptobenzothiazole and dibenzothiazy]
disulfide; sulfenamide accelerators such as
N-cyclohexyl-2-benzothiazyl sulfenamide and
N-oxydiethylene-2-benzothiazolyl sulfenamide; guanidine accelerators
such as diphenylguanidine and diorthotolylguanidine; aldehyde-amine
accelerators such as a n-butylaldehyde-aniline condensation product and
a butylaldehyde-monobutylamine condensation product;
aldehyde-ammonia accelerators such as hexamethylenetetramine; and
thiourea accelerators such as thiocarbanilide. In the case where these
vulcanization accelerators are compounded, one thereof may be used
singly, or two or more thereof may be used in combination. The
content of the vulcanization accelerator is preferably 0.1 to 10 parts by
mass per 100 parts by mass of the rubber component.

[0145] Examples of the Wllcanizatioﬁ aid include metal oxides such as

zine oxide (zinc flower) and magnesivm oxide; metal hydroxides such
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zinc carbonate; fatty acids such as stearic acid and oleic acid;‘ aliphatic
metal salts such as zinc stearate and magnesium stearate; amines such as
di-n-butylamine- and dicyclohexylamine; and ethylene dimethacrylate,
5 diallyl phthalate, N,N-m-phenylenedimaleimide, triallyl isocyanurate,
and trimethylolpropane trimethacrylate. 1In the case where these
vulcanization aids are compounded, one thereof may be used singly, or
two or more thereof may be used in combination. The content of the
vulcanization aid is preferably 0.1 to 10 parts by mass per 100 parts by
10 mass of the rubber component.
[0146] The rubber composition according to the present embodiment
can be produced by applying a method generally used as a production
method of a rubber composition. For example, it can be produced by
mixing the respective components vsing a kneading machine such as
15 Brabender, a Banbury mixer, and a roll mixer.
[0147]
(Crosslinked Rubber Composition)
The crosslinked rubber composition according to the present
embodiment has a structure in which the yubber component and the
20 isobutylene polymer are crosslinked. Such a crosslinked rubber
composition is excellent in dynamic viscoelastic characteristic, abrasion
resistance, water vapor barrier property and oxygen barrier property.
Therefore, the crosslinked rubber composition according to the present
embodiment is useful as a rubber material for tires. Specifically, for
25 example, when the crosslinked rubber composition according to the

present embodiment is used for a tread part of a tire, braking property
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enhanced, and abrasion resistance is also excellent as compared with the
case where the isobutylene polymer is not compounded.
[0148] The crosslinked rubber composition according to the present
5 embodiment can be produced from the rubber composition by a method
usually used as a method for crosslinking a rubber, For example, in
the case where the rubber composition contains the crosslinking agent,
the rubber composttion is subjected to thermocompression molding to
thereby obtain a crosslinked rubber composition which is molded in the
10 desired form and which has a structure in which the rabber component
and the isobutylene polymer are crosslinked.
[0149] Since the crosslinked rubber composition according to the
present embodiment is excellent in dynamic viscoelastic characteﬁstic,
abrasion resistance, water vapor barrier property and oxygen barrier
15 property, it can be used in various applications in which these properties
are required. For example, it can be suitably used in industrial rubber
member applications such as an industrial belt and an industrial rubber
hose. It can also be used in applications such as a rubber belt, a rubber
hose, a mbber roll, a husking roll, a mold cure product, a
20 vibration-proofing mbber, an antiglare material, ebonite, lining, a
magnetic rubber, a sponge rubber, a rolled product, an extruded product,
a tape product, a rubber adhesive, rubber footwear, a rubber cloth, a cut
thread, a cut sheet product, an eraser, a medical rubber product, an
electric wire, a conductive rubber, a microporous rubbey separator, a gas
25 mask, underwater sporting goods, a bowling ball, toys, balls, a golf ball,

a dipped latex product, a cast latex product, a latex rubber thread, a
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foam rubber, a urethane foam, other latex products, paper sizing, carpet
backing, synthetic leather, a sealing material, a sheet waterproof
material (synthetic polymer roofing), a coating waterproof material, a
polymer cement mortar (latex cement mortar), rubber asphalt, and latex
paint.

[0150] The crosslinked rubber composition according to the present
embodiment can be particularly suitably used in a tire application, and
can be used in applications such as automobile tire/tube, an inner liner, a
bead filler, ply, a belt, a tread rubber, a side rubber, various seal
materials, sealant, aircraft tireftube, bicycle tire/tube, a solid tire, and a

retreated tive.

-[0151] Specifically, the crosslinked rubber composition according to the

present embodiment can be used as a material for configuring a tread
part (and a cap part including a tread part) to be brought into contact
with a road surface. A pneumatic tite in which a tread part is
configured using the crosslinked rubber composition is excellent in
wet-gripping property, and thus excellent in driving stability and
braking property. In addition, since the pneumatic tire is excellent in
rolling resistance characteristic and is low in rolling resistance, the
reduction in fuel consumption can be realized. Furthermore, since the
pneumatic tive is excellent in abrasion resistance, it can withstand
long-term usage.

[0152] The crosslinked rubber composition according to the present
embodiment can be used as a material for configuring an inmer liner
part. A pneumatic tire in which an nner liner part is configured using

the crosslinked rubber composition can sufficiently reduce air leakage,
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characteristic due to air Jeakage.
[0153] The pneumatic tire according to the present embodiment has, for
example, a structure of two or more layers including a cap part in which
5 a tread part is brought into contact with a road surface, and a base part
located inside thereof, and a part or all of the cap part is configured by
the crosslinked rubber composition, Such a prneumatic tire can be
appropriately produced according to a method for producing a
pneumatic tire using a conventionally known rubber composition.

10 [0154] In the pneumatic tire according to the present embodiment, for
example, a part or all of the inner liner part is configured by the
crosslinked rubber composition. Such a pneumatic tire can be
appropriately produced according to a method for producing a
pneumatic tire using a conventjonally known rubber composition.

15 [0155] Hereinabove, preferable embodiments of the present invention
are described, but the present invention is not limited to the
embodiments. For example, the present invention may be a method
for compounding the isobutylene polymer to a rubber material for use in
the pneumatic tire (Examples of rubber component include the rubber)

20 for crosslinking to thereby enhance wet-gripping property (or rolling
resistance characteristic), namely, a method for enhancing wet-gripping
property (or rolling resistance characteristic) by using a crosslinked
rubber material having a structure, in which the rubber material and the
isobutylene polymer are crosslinked, to configure a tread part, In this

25 case, while rolling resistance characteristic and/or abrasion resistance

are reduced in association with the enbancement in wet-gripping
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wet-gripping property can be ephanced with rolling resistance
characteristic and abrasion resistance inherent in the rubber material
being maintained, according to the method of the present invention.
[0156] The present invention may be a method for compounding the
isobutylene polymer fo a rubber material for use in the pneumatic tire
(Examples of rubber component include the rubber) for crosslinking to
thereby enhance water vapor barrier property and oxygen barrier
properfy. That is, it may be a method for improving the air leakage of
a tire by using a crosslinked rubber material having a structure, in which
the rubber matenal and the isobutylene polymer are crosslinked, to
configure an inner liner part.

Examples

[0157] Hereinatter, the present mvention will be more specifically
described with reference to Examples, but the present invention is not
limited to Examples.

[0158] (Example 1)

Mixed solution 1 in which tricyclodecene vinyl -ether
(hereinafter, sometimes represented as "VE")), isobutylene (hereinafter,
sometimes represented as "IB".), isobutane and dehydrated toluene were
mixed, mixed solution 2 in which dehydrated toluene, ethanol as a
protic complexing agent and ethyl acefate as an aprotic complexing
agent were mixed, and boron trifluoride gas were continnously supplied
to a 1000 ml-volume autoclave equipped with a stirring blade so that the
amount of each of the components supplied was as listed in Table 1, and

allowed to be reacted at a reaction temperature listed in Table 1, and the
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[0173] This kheadiOhyas _fBl%\ﬁiﬁg RS (708 aﬁd%‘&'ohxgﬂﬁ&‘d'fegﬁs&ﬁed nch x
10 16 inch) under conditions of a rotati'on nunber of 30 rpmand a
rotation ratbp thé foldekingnfdniniant7-voklas syhthksizéd 28th Tdfeenaebber
conposition obtained in this kneading was subjected to

conpr essi on Ruidasting Eramenle Junchiameaiiongnedicaian OHe 2810/18865x 20
m nut 35 to Enrl‘ﬁ are a test sheet made of a crosslinked rubber
conmposrtion. eﬂt)ldability at this 15tine was extrenely

f avor abl e. Tﬁﬁ@l L({;}'%eéﬁgaggggﬂ%?gqb] was used to eval uate dynamc

vi scoel astic pro asion resistance by a nethod

descri bed | atey., QW i n Table 4. [0174]
(Exanmples 8 to 12) ﬂg@ a crosslinked rubber

prepa e game/manner as in Exanple 7
except that each i sobut yl ene po%%

o

'~ a

sul ts_aPe
2 w st sheet

conposition was 2 g
of nmers A-2 to . A -6 obtained in
Exanples 2 to 6 wa§¥used instead d )sobutyl ene polyner A-1. The

nol dability i i gyextrenmely favorable in any Exanple.
Then, this tgélt@tpzxea’tiﬂﬁ\}\%smgs d to eval uate dynam c viscoclastic

property and abragaenof e;sbﬁglaﬂ@@ollymeas A51es hodl vie wbtaiteddnltas er .
The results are shown in Table 4, [0175] (Conparative Exanples?
to 11)20 same manner as in Example 1 except that the amount of each of the
components supplied was as listed in Table 1.
[0163] (Comparative Examples 1 to 3 and 5)
Each of isobutylene polymers B-1 to B-3 and B-5 was obtained

in the same manner as in Example 1 except that the amount of each of
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Stearic aci OXI rocess ol l
5 boron trifluoride methanol complex were continuously supplied to a

1000 ml-volume autoclave equipped with a stirring blade so that the
amount of each of the components supplied was as listed in Table 2, and
allowed to be reacted at a reaction temperature of -20°C, and the
reaction mixture was continuously discharged.

10 [0165] The reaction was performed for 7 hours, and the reaction
mixture obtained for 2 hours was collected to ferminate a
polymerization reaction by water, After the completion of
polymerization, caleium hydroxide was added to the reaction mixtwe
collected, and a catalyst residue was decalcified. Then, the reaction

15 mixture was filtrated, the resulting filtrate was washed with a large
amount of water three times and then dried with anhydrous magnesium
sulfate, and the solvent was distilled under reduced pressure by an
evaporator fo obtain isobutylene copolymer B-4,

[0166] (Comparative Example 6)

20 When the reaction was performed in the same manner as in
Example 1 except that the amount of each of the components supplied
was as listed in Table 2, a polymerization reaction did not progress, and
an isobutylene polymer was not obtained.

[0167] (Measurement of Weight Average Molecular Weight Mw and

25 Content Proportion of Low Molecular Weight Substance)

With respect to each of the isobutylene polymers obtained in
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Sul fur 1.7 Nocceler CZ 2.5 0.5 Nocceler D 10[ 0177] :

( Measur enent Exfmiibganbitd € avd Somphatve Exmnplpet typ, GPC médsasmeshent

of dynam c visecel astic property was. perforned accordi, to I TS
ke 7244-4 (Pl 58X PETOTEER IhipREUTBIOIY PSR &AM PR BHBHAYE - Par t
4: Tensil e vjbraliqn: = i Y, rone
test piece o 1‘lailﬂsll% E‘%ﬂ?ﬁ%{)ﬁ gﬁoﬁ&g 2& e? Dgﬁﬁn%gg%]arvﬁ .SQBSE%J.CITS }lgerr; in
l'ength cut owbight A qﬁbl@@‘ulér%igmnwsah@@iesmmnapm?dmoﬁ Xl es
and Conparative Exanpl es was used to be subjected to neasurenent
in a ténsil elosodelcadaeweighrsubitiren sefmiacd areghewme o thld Dot and a

strain of 0.1% while, the measurenment tenperature being rajsed in
the range of lOlﬁ%bSI?eGIle@BE cAeh pEihsi1ppbuishge P &S Jedelved iy

measur enent ar at 1am. C o Vi i opear.t A- 3
(manuf act ur e%j%gﬂz}{ %@N@Q%@%ﬁy@ Y‘t@%&?ﬂg@?ﬁh@r& acsaé)rl??(\)ﬂhy t he
frequency wapidh0 ohlg GBCbREAURRT WIRT p@forRRd N B PRELEN0GPC
con-elates wth the tana value at 10 and OC when the

di ne-t enper atppaestusedarotfacured Ay Thorh Gorporedraby caineytiigsT SKiGHRIzed,
and it is known that as the nuneral value is |arger, -grippi ng

t
propeffy is Awe Haoa g3 0080 | LHWOr cadl SHANER émﬁwfwvt\ll_%)?d y
correl ates \qut ) :(g?erpfc}%ﬂﬁ@v%l é’e?ie?tan&%si%glt%fr%%mfﬁr% At o FpolgRoWn

that as the
Polystyrene standard was used for calibration of the molecular weight to

determine the weight average molecular weight in terms of polystyrene,
With respect to the content proportion of the low molecular weight

15 substance, the concentration. fractions of the respective molecular
weilght components were accumulated based on the molecular weight
distribution curve obtained from GPC measurement to obtain a
"molecular weight-weight fraction" plot, determining a proportion of a
molecular weight of 1000 or less (% by mass).

20 [0169] With respect to the isobutylene polymers obtained Comparative
Examples 3, 4, and 5, two peaks as a polymer peak at an early detection
time (high molecular weight polymer) and a polymer peak at a late
detection time (low molecular weight polymer) were detected in GPC
measurement. Based on the detection time at the point (valley peak)

25 closest to the baseline between the two peaks, the respective weight
average molecular weights of the high molecular weight polymer and
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10 is smal
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were |isted

er,

as

grl ppl ng property"

and '

rolling resistance is nore favorabl e,
t he ttﬁ@mwmbmeula;twél@hﬂ-wjﬁﬁhame Hditemhﬁch val ue at 10 Hz-60C
‘rolling resistance”

In Tabl es 4

respect i vel y0110]di79e 1{ Abr asi on Resi stance Test) 15An abrasi on

resi stance t
(Vul cani zed
resi st ance-F
(abrasi on vg
times at a no
27 N 20 ang
abr asi on test
test was per

defined as 3

Exanple 9

est was pgrforned accor di NgxdQeJTS K- 6264-2
and ther ngpl astifc T3IDDETS3 DR er i ngtign of aprasi on
WT‘Q’E‘W U)17 oJeEjOI ! ‘ Aﬁly’ t ”%9 df) ilsélggg | evel
trunftéc& enun o) WITCTI t IITL col MI thE—VVCl_b !UL atcu 1
hﬁﬁ %eeqlof 73:6r pm uniden cohdifti®iss pf 04 | pad of
aIIAprOtIL,ITI atton d.llg'IFC Jf 15 ucyl UC.U rir a d.kl U
om yped togeval ugf e |abyr@sijon,pesi stgnce. The
fqggé%@%hree tinmes, and the average thereof was
TERRHME ”[zw!Ulbgb [ TatkF ‘J'ﬁ¥a” 867 FXaple B
AP Erothy PO e T Examh g 12 PPy Y 44
A/(B1+B2+4D) 3.1 11 L1 2.0 92 3.0
A/B1 200 11 200 103 400 200
B2/B1 20 0 10 33 13 50
Reaction
fomperature (°C) | 2 20 -25 -30 25 25
‘Weight average
molecular weight | 36000 18000 29000 35000 | 25000 22000
Mw
Low molecular 33 3.5 47 2.7 4.1 4.5
weight substance
(% by mass)

52



property 0.176 0,0619 0.156 0.0613 0. 163 0.0587 0.172 0. 0606

0.164 0.161 Roif1)Ngake3) Stance 10. 0581
Comparative Example o
1 2 3 4 5 6
BF; (mol/h) 60 70 8.9 0.04 1 30
Protic complexing| 0.2 0.4 004 | 025 | 005
| agent (mol/h)
B AR
Aprotic
complexing 20 2 04 0 2 2
agent(mol/h)
IB (rmol/h) 216 216 662 5 5 216
VE (moV/h) 44 44 13.5 0.11 0.11 44
A/(B1+B2+D) 24 10.6 06 - 03 0.4 47
AB) 200 | 350 22 1 4 600
*{
B2/B1 67 10 1 0 8 40
Reaction
tomperatire (°C) | 25 25 20 20 25 25
Weight average 24000 | 12000 | 15000
molccﬁ:v weight | 21000 22000 (600) (500) (400)
Low molecular
weight substance 15 20 63 33 46
| (% by mass)

10

[0172] (Example 7)

Isobutylene polymer A-1 obtained in Example 1, a filler, a silane
coupling agent, a plasticizer, a vulcanizer, a vulcanization accelerator, a
vulcanization. aid and an antioxidant were compounded to a
styrene-butadiene copolymer rubber (JSR SL552 produced by JSR
Corporation. Hereinafter, sometimes represented as "SBR'".) in the
respective compounding ratios (parts by mass) shown in Table 3, and
kneaded. Here, silica AQ (produced by Tosoh Silica Corporation) as
the filler, Si 69 (produced by  Degussa  AG,
(Bt0)3Si-CsHg-S4-CaHe-Si(OEt)y) as the silane coupling agent, a process
oil (NS-100, produced by Idemitsu Kosan Co., Ltd,) as the plasticizer,

sulfur (produced by Kawagoe Chemical Corporation) as the vulcanizer,
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0.0613 , Abrasion 1275 volune, 251222 240257 251 [01 81] [Table
5] Conpar atino exige d3p (produc@b myaaltusvigecBotiparl 4d.) wed Eeanplaeids
Exanple 9 Co(gf-)o%?éé gyeN%)%g%linee Clk?emcl;gar{pCaor. ,aIEtii.\)/ gs the vulcanization aid,
a sulfenamide accelerator Nocceler CZ (N-cyclohexyl-2-benzothiazyl
sulfenamide produced by Ouchi Shinko Chemical Industrial Co., Ltd.)
5 and a guanidine accelerator Nocceler D (1,3-diphenylguanidine
produced by Ouchi Shinko Chemical Industrial Co., Ltd.) as the
vulcanization accelerator, and an antioxidant 224 (produced by Ouchi
Shinko Chemical Industrial Co., Ltd.) as the antioxidant were used.
[0173] This kneading was performed using a roll machine (6 inch ¢ x
10 16 inch) under conditions of a rotation number of 30 ypm and a rotation
ratio of back and front rolls of 1 : 1.22. The rubber composition
obtained in this kneading was subjected fo compression molding under
vulcanization conditions of 160°C x 20 minutes, to prepare a test sheet
made of a crosslinked rubber composition. The moldability at this
15 time was extremely favorable. Then, this test sheet was used to
evaluate dynamic viscoelastic property and abrasion resistance by a
method described later, These results are shown in Table 4.
[0174] (Examples 8 to 12)
Each test sheet made of a crosslinked rubber composition was
20 prepared in the same manner as in Example 7 except that each of
isobutylene polymers A-2 to A-6 obtained in Examples 2 to 6 was used
instead of isobutylene polymer A-1. The moldability at this time was
extremely favorable in any Example. Then, this test sheet was used to
evalnate dynamic viscoelastic property and abrasion resistance by a
25 method described later.  The results are shown in Table 4.

[0175] (Comparative Examples 7 to 11)
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Exanple 11 0,1.32 Gipping property 0.145 0.137 0.143 0.140
Rol | i ng resi st ancé&ach @83¢hedl; 3887 0 2 06uE4litke 68T .cOBH LMY #8E ONn
vol ume i .
prepared in the same manner as in Bxample 7 except that each of
isobutylene polymers B-1 to B-5 obtained in Comparative Examples 1
to 5 was used instead of isobutylene polymer A-1.  Then, this test sheet
5 was used to evaluate dynamic viscoelastic property and abrasion

resistance by a method described later, The results are shown in Table

5.
[0176] [Table 3]
N Compounding ratio (parts by mass) ]
SBR 100
Isobutylene polymer 10
o Silica AQ 40
Si69 4
Antioxidant 224 2
Stearic acid 1
Zinc oxide #3 3
Process oil 10
Sulfur 1.7
B Nocceler CZ. 25
Nocceler D 0.5 ]
10 [0177] (Measurement of Dynamic Viscoelastic Property)

Measurement of dynamic viscoelastic property was performed
according to JIS K-7244-4 (Plastic-Test method of dynamic mechanical
property-Part  4:  Tensile  vibration-Non-resonance  method).
Specifically, one test piece of 1 mm in thickness x 5 mm in width x 40

15 min in Jength cut out from each of the test sheets obtained in Examples
and Comparative Examples was used to be subjected to measurement in
a tensile mode under conditions of a frequency of 10 Hz and a strain of

0.1% while the measurement temperature being raised in the range of
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296 299 308 316 325 5[01 82] When the neasurenment value in
Conpar at i ve BRapl@0°C16t R&s/ndef i Abel apparkO tised s onpagaswemetet ween

Exanpl es and Conparati.ve Exanpl es,. the neasuyrenent values.in
Exanpl o5 anciPBBARAr AT FYARTER AiEPREd S RIORHGR A FRBFEAEEAPITabl e
7. 10 [O 183ﬂ‘AN§‘ﬂk@NﬁdNTS)Exa”pl e 7 pie 8 Exanple 9 Exanple 10
Exanpl e 11 ) E

[0178] Here, the reason why the frequency was 10 Hz is because
5 wet-gripping property correlates with the tand value at 10 Hz and 0°C
when the time-temperature reduction law for viscoelasticity is utilized,
and it is known that as the numeral value is larger, wet-gripping
property is more favorable. Rolling resistance similarly correlates with
the tand value at 10 Hz-60°C, and it is known that as the numera) value

10 is smaller, rolling resistance is more favorable, In Tables 4 and 5, the
tand value at 10 Hz-0°C and the tand value at 10 Hz-60°C were listed as
"gripping property" and "rolling resistance", respectively.

[0179]
(Abrasion Resistance Test)

15 An abrasion resistance test was performed according to JIS
K-6264-2 (Vulcanized and thermoplastic rubbers-Determination of
abrasion resistance-Part 2, test method). Specifically, the abrasion
level (abrasion volume)(imm’) when the test piece was rotated 1000
times at a rotation speed of 75 rpm under conditions of a load of 27 N

20 and an inclination angle of 15 degrees in an akron abrasion tester was
measured fo evaluate abrasion resistance. The iest was performed
three times, and the average thereof wag defined as a measurement

value,
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Exanple 12 Gipping property 126 112 117 123 113 116 Rolling
tests-lance [@48&3[%812 4]

Example 7| Example 8 | Example 9| Example | Example | Example
10 1 12
Gripping | 196 | 0156 | 0163 | 0172 | 0164 | 0.161
property
Rolling | nejo | 00613 | 0.0587 | 00606 | 0.0s81 | 0.0613
resistance
Abrasion | o5 251 222 240 257 251
volume
(0181] [Table 5]
Comparative | Comparative | Comparative | Comparative | Comparative
Example 7 | Example 8 | Example 9 | Example 10 | Example 11
Gripping | 145 0.137 0.143 0.140 0.132
property
Rolling | 460y | 00657 | oo64d | 00657 | 00651
resistance
Abrasion | g, 259 308 316 325
volume
5 [0182] When the measurement value in Comparative Bxample 10 was

defined as 100 for comparison between Examples and Comparative
Examples, the measurement values in Examples and Comparative
Examples ate shown in Table 6 and Table 7.

[0183] [Table 6]

Example 7| Example 8 | Example 9| Example | Example | Example

10 it 12

Gripping | 1) ¢ 12 117 123 118 116

property

Rolling | ¢ 93 89 92 88 5

Tesistance

Abrasion | ¢ 79 70 76 81 79

volume »

10
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88 93 Abrasion_ volune 87 79 70 7681 79
Tabl es 4 tol984] filablksAbl es 7 to 12 each using he isobutyl ene

57

[0185] As shown in

pol yner whi €h T's priedueeiviiY cRpsRRe]domedaié [@dpih@n dRbRad. pNd in
whi ch t he content _ong glqbomgmbggul B{gp-}ﬁﬁlggf‘ﬁxa@bqg)m aRGRplk $1 D% by
mass or | ess,,Exael [l ent dynani ¢ yrseoet astic characteri st and
abrasion r e.;ip%pggge ar B4achi ev@8l. CLAINB 100 95

Rolling 96 100 o8 100 99

resistance

Abrasion 93 94 97 100 103

volume

[0185] As shown in Tables 4 to 7, in Examples 7 to 12 each using the

isobutylene polymer which is produced by a specified production

method and in which the content of the low molecular weight substance

is 5% by mass or less, excellent dynamic viscoelastic characteristic and

abrasion resistance are achieved.
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[Caim1l] A rubber conposi ﬁmgnt ai ni ng a rubber
conponent having an ol efinic dou d, and an isobutyl ene

pol yrer haVi[‘Eﬂa' P]tructur al 5unit represented by the foll ow ng
formula (1) and a structural unit represented by the follow ng

formula (2), wher&irtibber compésitt@ndc@niiniaf aaubewcompeeut Rdviveirght
subst ance whose nol ecul ar meiaht_is 1000 or less in the
$

i sobut yl ene @ofiyineioubls wwibHgn sobntyless polaate dhagimgt hetreaseral
?g_r;)untéfg_'t ?1%1% %e?&éjfteﬁtle& &g'{zﬁ%l_ ¥ol ; _uiggl?&%qlﬂﬂ (f)alan %r srmtmlctalllr ]un%_B a
represented by the following formula (2), wherein
a content of a low molecular weight substance whose molecular
weight is 1000 or less in the isobutylene polymer is 5% by mass or less
based on the total amount of the isobutylene polymer:

10 [Chemical Formula 1]

()

CHs fCH—CHz—}
CHZ—cI:ﬁ— (1) l
CH; ofxy-y

wherein, X represents a divalent group, Y represents a
substituted or unsubstituted alicyclic group having an unsaturated bond,
and n represents 0 or 1,

15 [Claim 2]

The rubber composition according to claim 1, wherein the
1sobutylene polymer has a structural unit represented by the following
formula (3) and/or a structural unit represented by the following forinula
(4) as the structural unit represented by the formula (2):

20 [Chemical Formula 2]
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wherein, X represents a divalent group, 7 represents a substinued
or unsubsti tytgd-gljFyclic grogPCna%mQé.an unsat urated bond, and
n represents\Qtor 1,7 15[ Claim ]L The rubber conposition
according to_gfaiml, wherein the isobutyiene polynmer has a
structural uni\t, represented by dhe followng formula (3) and/or a
structural uni follomﬁﬁg formula (4) as the
structural unt epresent ed by ¢ pormul a (2): 20[ Chem cal
Formula 2] wheréin, n represent$-Q or [Caim3] The robber
conposition ag ding to claim 2, wherein the 5 isobutyl ene
polymer is ap mer obt ai ned by edpol yneri zi ng i sobutyl ene and a
vi nyl ether conmpound represented by the following forrmula (7):

Cl- 12- CF1- 0- ( X) 11whdr@n, nrepresents 0 ondder ein, X represents a dival ent
group, Y represents a 10substituted or unsubstituted alicydic
group haV|ngK3NHUHsaturated bond, and n represents Oor 1, in a
reaction liquid t Lews acid cata

cor npl exi ng agentﬂ%\%’albﬁﬂ CORREPINEN AEHBIEE 1 § défBéln?l ic)l e:’:i‘gc':]ﬂé]&e, and
wh | f: |
m)Fgr 1t50$13n;0er O%né‘#@?ﬁ‘ﬁ)ep 5| Qe B e?]ggg%ﬁeiﬁ?ag d ?‘?%??éfﬂr% ar

nurmber of t hgolapyletd mct@m{y@etﬁm cﬁ@pmﬁnd agesehttdby Mg fEROHON
liquid, are defined as A, Bl and 02, respectively, and a total

mol ar nunber fosmiaH@): vi nyl ether conpound subjected to the

copol yneri zag, f. ned s ID, A/(31+87+D) is Ito 10, A/ BI
is 5 to 400 é{ﬁ@"%‘é‘éﬁéﬁ B s0. 20[d ai m 4] The rubber

conposi tion accor %&gmt OXarfé(prQs!%ﬁtSOfa GhAldT® é-rohﬁ, 3 represents a

10 substituted or unsubstituted alicyclic group having an unsaturated bond,

and n represents 0 or 1,
in a reaction liquid to which a Lewis acid catalyst, a protic complexing
agent and an aprotic complexing agent are added, and
when a total molar number of the Lewis acid catalyst, a total molar
15 number of the protic complexing agent and a total molar number of the
aprotic complexing agent, added to the reaction liquid, are defined as A,
By and B,, respectively, and a total molar number of the vinyl ether
compound subjected to the copolymerization is defined as D,
A/(B+B,D) is 1 to 10, A/B, is 5 to 400 and By/B, is 0 to 50,
20 [Claim 4]

The rubber composition according to any one of claims 1 to 3,
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wherein the wﬁa?&ﬁrth&ﬂmgpga%ﬁ%@ggéa@r} ﬁ%%‘étr fcggso%m %E‘lg?t%&"ﬁ%% from

th.e group consisting o utadl ene rubber, a

nitrite ru' qRelp cohsiithg 6PNEatildbR®ber, ABula8ieRs AMBer HBRET uBber,
styrene-but adi ene rubber, an isoprene-butadi ene nmhber, a

st yr ene- i sopr ehicerzuthdene seivber jubbe, et fiyleenbuipdiopy hehber, cini ene
rubber, a hal ogenat ed butyl rubber, a hal ogenated isopyene
rubber, a hafEEERAREHIEERYST: eheSHEBEISPRERS-DYE W%r@géf’é'nean
rubber, a butyl, rubl ne a hg enat e

i sobut%ll ene-J -y%%ﬁéi?@l%%éﬁgn% uﬁ%gg ?Cﬁ g]io%%DéImdldJWel trﬁl%bt?&r a
conposi ti on ReGRASEDNsdpfend MbRRea Qlfalc%leﬁdt&ﬁis%bﬁtgleﬂe ¢ gﬁbf) aa
content of the 1sobutyiene polynmer is 0.5 to 70 parts by nmass per
100 parts bychimsgrend tihbberubber tytpomaiter [4dai m 6halogenated

The rubber conposition according to any one of clainms Ito 5,
15wher ei n t HeoUGHeRep-aushybhEaRe 1USbYupst antial |y a

st yr ene- but g@ ene.r ubber, [Caim?71 The rubber conposition
according to A Une of clains 1 to 6, further containing a

crosshynki ng agentpe 2Bb& @nfPoskion accord@%g& anp bhél K BlafrtPPES 4

conposition obtained fromthe rubber c osition according to any
one of cl ai nwhdreina dhntdnavi thg iswbstyiane tpolyendr s Mite A0 phes vubher
conponent an.d the isobutylene polynmer are crosslinked, 25[C aim
9] A pneumat®e 109 partclanmaismit fip hler spedendhked rubber conposition
according to.¢laim8 in a tread part. [Cd ai m 10] A net hod
for produci ngﬁﬁl‘ﬁ]ﬁsobutyl ene polynmer having a structural unit

represented by theyd AlphoVEdighdsRibAkEorlith)y 18AHy 3ns bf UG ko 5,
15 wherein the rubber component is substantially a styrene-butadiene
rubber.
[Claim 7]

The rubber composition according to any one of claims 1 to 6,

further containing a crosslinking agent.
20 [Claim 8]

A crosslinked rubber composition obtained from the rubber
composition according to any one of claims 1 to 7, having a structure in
which the rubber component and the isobutylene polymer are
crosslinked.

25  [Claim 9]

A pneumatic tire containing the crosslinked rubber composition
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5 unit repr %P%?ar t5’¥lafrﬁ‘§hg9hje%£t9 formula (2), conprising a.

step of cop zing 1sobuty e and a vinyl ether conpound
represent ed [Qihh®]fol l owing formula (7): C1-12-CHO-(X)"-Y(7)
wherein X represents a divalent group, Y represents a substituted
10or unsubst it ut edl ratthed coi protoug Ravisehytdana pohmer abadhgband,
and n represents or 1, in reaction.liquid t ich a Lewi s
acid cat al y§f1}mt3ragP@&r%?ﬁﬁmégibﬁéh"a{ffbﬁwl%ﬁgna aa@r i CStpstsRlexi ng
agent @are a | R, s e nunber
of t heﬁaLewi ggg[gﬁeaygggtgdatﬂ %I@%@ﬁ%ﬁbgﬁ gfrx‘(@rgr(%ﬁ éﬁ)ﬁ glrng% %{eﬁe&pr otie
conpl exi ng a@gAyNRAGng idoBh§leniBhab viiregler edmpAiRdanselehied by

conpl exi ng agent, addeéd to'the reaction liquid, are defi neg as A,

Bi and B2, rksfudloningfoynulafd):a total nolar nunber of the vinyl
et her conpound subjected to t51e copolynerization is defined as D,
A 031+132+D)CHEGH--@0- YA BE/)s 5 to 400 and 132/131 is 20to 50:

Feprosents a di varbhEgy oo ¢ HsbleachBu o g o BSRRT
unsubgj i tut ef @lshBXetb® HERUR HAYH NEvAB HDSAMIALEboRaNdad 1
represents 0 or 1,
in a reaction liquid to which a Lewis acid catalyst, a protic complexing
agent and an aprotic complexing agent are added,
wherein in the step, when a total molar number of the Lewis acid
15 catalyst, a total molar number of the protic complexing agent and 4 total
molar number of the aprotic complexing agent, added to the reaction
liquid, are defined as A, By and B,, respectively, and a total molar
number of the vinyl ether compound subjected to the copolymerization
is defined as D, A/(B1+B,+D) is 1 to 10, A/B; is 5 t0 400 and By/B, is 0
20 to 50:
[Chemical Formula 3]

<|3Hs {—CH~CHQT
fCHz—c \

Q0

&, o{rx%n\(

wherein, X represents a divalent group, Y represents a

)

substituted or unsubstituted alicyclic group having an unsaturated bond,
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and ri repr %ﬁgﬂtg%gseﬂfso]or 1 Caim11] The met hod for
produci ng an 1 sobutyl eue polynmer according to claim 10, wherein

the Lewi s aqCthiedtlal yst is selected fromthe group 5 consisting
of a boron halide conmpound, a titanium halide conpound, a tin
hal i de conpound The methed Aumredicingeancisphytylae; paymendcating al i de

conpound, ng hal i de. ound i de
conpound, Cﬁ g(f qﬁ%}flitgee L&B’ %%‘#.&af&ﬁa{?% ?%nggug(}”ﬂjh? P10
5 consisting of a boron halide compound, a titanium halide compound, a
tin halide compound, an aluminum halide compound, an antimony
halide compound, a tungsten halide compound, a molybdenum halide

compound, a tantalum halide compound and a metal alkoxide.

10
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