TI RE RUBBER COMPCSI Tl ON BACKGROUND OF THE | NVENTI ON

Field of the Invention 5 - The present invention relates to a rubber
conposition for atire, and nore particularly, a rubber conposition

suitable for-a tire side wall and a rubber conposition suitable for a
tire tread. WO 983145 Descri ption of the Rel at RETAPPS/00216

It is said that the role of a side wall part of a pneumatic tire is

protection of a carcass part and . relaxation of stress or strain of a
tire tread part during 1
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driving using the tire, and especially, the role of a side 15 wall part of
azradial tire is nore inportant than that of a bias tire. As
properties required for the side wall part for the protection of a
carcass part, weather resistance, scratch resistance during driving
on a bad r oawomsd1745 adhesion to a carcass part are |i st edT/aFsoee1e
property of 20 the side wall required for the relaxation of stress and
strain of a tread part, bending resistance is nmentioned. Nanely, the
pneumatic tire is required to have various2 properties as descri bed
above since it is used under various circunstances and conditions. O
t he above- 25 described properties, the scratch resistance, bending
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ant i oxi dant

|ife has been further elongated wth spreading of a

On the other hand, there are problens described

fromthe view point of appearance. Namely, since a diene
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in atire side wall has insufficient weather resi st ance,
an am ne- baswé %M1M4sxi dant, paraffin wax and t he | i kePOHIRI8/0G226)

er, a diene rubber conpounded with an am ne- based
or paraffin wax has probl ens that the am ne-based

antioxidant or paraffin 10 wax bleeds o® of the surface with a | apse of

tinme and the

surface discolors to red to | ower commerci al val ue,

t he am ne- based antioxidant or paraffin wax is diffused during

driving, and
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tire, and the like. For a fornmulation with which an 15 anti oxi dant and

the li ke are not conpounded, there is known application of EPT having
hi gh ozone resi stance. However, atire side wall conprising this EPT
and a di ene rubber has to further be inproved in strength properties.
To sol ve t hewelssersiescri bed probl enms, a rubber 20 conpospé¢i/smseRori si ng
nat ural rubber and EPDM usi ng peroxi de vul cani zati on has al so been
devel oped. However, such” a peroxi de vul cani zation provides poor crack
growt h resi stance required as propertty of a tire side wall, and

provi des not excellent bending resistance, and therefore, 25 it should
be further inproved. Therefore, there is required a rubber
material for a ( itir 5 e Bhal L, fhlifhdi,s excellent in strength
property and bendi ng resistance and provi des | ow fuel consunption.
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3 Further, styrene/butadi ene copol yner rubber is

cenventionally used as rubber for tire tread of an aut onobi | e (rubber
for atire tread part). However, a tire tread conprising as a rubber
conponent sol ely 5 styrene/ but adi ene copol ynmer rubber has probl ens that
rolling resi WOB8B8&745s hi gh and abrasion resistance i s poor PCT/JPISB216€¢€

I npact resilience at from50 to 70[err]C is |low, though br aki ng
ability on wet road surface (wet skid) is relatively excellent. 10
Therefore, as a rubber material for a tir® tread of an autonobile, a
bl end of styrene/butadi ene copol yner rubber wi th natural rubber is

general ly used. However, there is
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desired a tire having excellent bal ance from vi ewpoi nt of safety,
nanely having high braking ability even on wet road 15 surface, in
addition to | ower fuel consunption and abrasion resi stance
acconpanyi ng recent energy conservation, and the conventional bl end
of styrene/ bWo8i3€18 copol yner rubber Wi th natural ruBEBIPIERIAOL
satisfy these abilities. As a rubber conposition which can

i nprove abrasion 20 resistance of a tire and braking ability of an

aut onobi | e in wet condition and can @& ower rolling resistance, raw
material rubber for a tire tread, conprising a blend of pol ybut adi ene
and hal ogen-cont ai ni ng pol yi sobut yrene/i soprene rubber is described
in Japanese 266 Baget da Y-.ORN LApM Fcat Roh (JR4A) R° S6RIB7RBK 'R ™
However , even when the above-described blend is used, abrasion
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4 Therefore, a rubber material for atire tread is

required, which has excellent abrasion resistance equi val ent to or
nore than that of natural rubber and is excellent in strength
property, further, has nore excellent 5 braking property than that of
nat ural rubbwo %8&t4s has | ow rolling resistance and carct/mesoazes f uel
consunpti on. DI SCLOSURE OF THE | NVENTI ON

The rubber conposition for a tire side wall of the 10 present invention
conpri ses (A) an unsaturated ol efincopol yner prepared from
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(1) ethylene, (ii1) an aromatic vinyl conpound, (ri1) a
nen- conj ugat ed pol yene, and optionally 15 (iv) an [err]-olefin having
3 or nore carbon atons, _ in which the nmolar ratio [(i)/(iv)] of
constituent units derived fromethylene (i) to constituent units
derived fronW098/3174%8 he a-ol efin having 3 or nore carbon at opEI/(Hogd0216 | N

t he range of from 100/0 to 40/60, the nolar ratio 20
[((i)+(iv))/(ii)] of the sumof constituent units derived from
ethylene (i) and constituent units derived fromthe a- ol ef i n havi ng
3 or nore carbon atons (iv) to constituent units derived fromthe
aromatic V|nyI conpound (ii) is in the range of from98/2 to 60/ 40,
the intrinsi cCvVRstosiCyR 2 'ﬂ’Qﬁ&h&@s&redﬁm dack! I mab DIGERre BT i s
in the range of from 1.0 to 6.0 dl/g, and the iodine nunber is in the
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(B) a diene rubber. 5 I n

the present invention, the above-described (ii) aromati c vinyl
conmpound is preferably an aromatic vinyl conmpound represented by the
followi ng general forrmula (1). [err] 5 wherein R err] and
Rl err] may bwoidssimsne or different and are each PCT/IP98/00216
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a hydrogen atomor an al kyl group of 1 to 8 carbon atons; 10 R3 is an

al kyl group having 1 to 8 carbon atons, al koxy group, carboxyl group,
acyl oxy group, acyl oxy-substituted al kyl group, hydroxyl group or

hal ogen atom mis an integer of fromO to 5; and n is an integer of
fromO to 2WwWO098/31745 The rubber conposition for a tire sird@Jresido216f the
15 present invention may further conprise (C) carbon bl ack and/ or (D)
a vul cani zing agent in addition to the above- descri bed unsat urat ed

ol efin copol ymer (A) and the diene 18bber (B). In the rubber
conposition for atire side wall of the 20 present invention, it is
preferable that the content of the unsaturated ol efin copolyner (A) is

s Trom20 680  BartS by el tht baged on 100 oarte by el gpt of the.
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25 copolynmer (A) and the diene rubber (B)
6, In the present invention, as the above-described non-

conjugated pol yene (iii), there can be mentioned at | east one

non- conj ugated triene or tetraene sel ected from conpounds represented
by the foll owongsgaseral fornmula (I1- 5 a) wherein consti PORMISA2LE S
derived fromsaid non- conj ugat ed pol yene are represented by the
fol |l ow ng gener al formula (11-b) and conpounds represented by the

fol |l ow ng general fornmula (l11-a) vherein constituent units derived

from sai d non-conjugated pol yene are represented by the 10 follow ng
general formula (Il11-b). [err]
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wherein p and q may be the same as or different fromeach 15 other, and

afe each 0 or 1, with the proviso that each of p and g is not 0 at the
same time; f is an integer of 0 to 5, with the proviso that f is not O
when p and q are each 1; g is an integer of 1 to 6; Rerr], Rerr],
Rerr], RerwbesBimsr], Rerr] and Rerr] nay be t he spomIms/oens f er ent
and are each a hydrogen atomor an 20 alkyl group of 1 to 5 carbon atons;
Rlerr] is a hydrogen atom or an al kyl group of 1 to 5 carbon atons;
and Rlerr] is a hydrogen atom an al¥/l group of 1 to 5 carbon atons
or a group represented by -(CHerr])[err]-CRerr]=CRlerr]Rerr] (nis

an i nteger of
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1to5 Rerr] and Rerr] may be the sanme or different and are 25 each a

hydr ogen atom or an al kyl group of 1 to 5 carbon atons, and
Rlerr] is an alkyl group of 1 to 5 carbon atons), with the proviso that
when p and q are each 1, RO is a hydrogen atom or an al kyl group of 1
to 5 carbon WOSRB1745 err ] 5 wherein p, q, f, g, ecwisHdgeod to

Rl err] have the sane neani ngs as
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7771 10-7 2= TR V/-1BEREDT = NEBRT V>

vHRETFOh B,

CNODFEERE=NEABOS B, RF LV, TYARYE Y,
ATz NTTFU-IBRFELL, BRI, RFLUAFELLRAWLS
N3, FEEC-ALAME. |MEMTE A2 MU EAADE.
TRHWBZ LInTE 3B,

€ (iii) EHXBRY V)

(iii) FEHXBEFYLELTR, Yy 7uoRrRvyyITy, 1,4~



in the formula (l11-a). [err] 10 wherein p, q, f, g, and R err]

toe Rlerr] have the sane neani ngs as in the formula (lI1-a). [err]
15 wherein p, q, f, g, and Rlerr] to R err] have the same neani ngs as
in the formula (I1-a). . -
: WO 98/31745 PCT/JP98/00216
T4

NFHITY, VIuF IV, AFLYVINENLRY, F
VF IRV, ENINRIVRY, T-2FN-1,6-% 2 %
JrvREDOVI /A, 1 2FFRIBOE=NVEEZHF TSI
EBRMIZVERLBTFIS2v, XU, 1 2 FHFIC1RAD5-) 0
FNRV-2-ANEZRTH3HEREBIIZVELRT S optE
Hohb, CORKRMN VLV ERLIRT M52V 1 HTFHLDDR
REFRTFH (2EBULOERB IV IV ELRF ISV 2805
ERREZOFHRAFEFHRTRT) k. BEFICRESIh VLR,
FEUCRI~3OME, X HFZELIR10~25M, HiciHFxL
CRB10~22WTHE3EREE LV, RKEEFENRIOLS A
BECHIFEXBRMNIZVELRTF IS VB, BELEEOIME W
NEBTHBIOTHANTHS, CZTIMYT V) ElF. 1| F%H
CRE-RR_EHES (C=C) 23WETI2RILARELADEE
RU. £ TFFF2V) ERIBPFHRIIRE-RE_EHLG%2 1
BETIRMKRIEEHERE%R TS, Ub. CORE-RE_ER
EICR. ESVEDRF-RE_EESEXUS-/ VBN R V-2-
ANVEDRFE-RE_ERENTENS, LREOXSTIERBZE LY
IVELRTFIMSIVERAVEE, MERE. TV -+58%, &
HROEREIUVBREICIDBERAZI AP Ly FATLAERYHE
onh b,

FEEBMNYV L VELRTF IS UIE, EoNEF 5-0 MR
WR-2-ANEZEDTIB (LI ZVDFE) £ 48 (7
FSZUDBE) ODRE-REZERKS (C=C) B4FhT3
N, COFRAERMZIVELEFINIZVIHFHRIZIETIhBELT



8
gener al

The non-conjugated triene or tetraene represented by
formula (lI1-a) is preferably a conpound
foll owi ng general formula (1V-a) wherein constituent units derived

from said non-conjugated triene 5 or tetraene are represented by the
fol | ow ng gewerwi3i74s formula (1V-b), and the non-conj ugaperiiposioene or

tetraene

represented by the general fornula (Il11-a) is preferably

conmpound represented by the follow ng general formula (V-a) wher ei
constituent units derived fromsaid non-ckdnjugated 10 triene or tetraene
are represented by the foll ow ng general formula (V-b). -

DRF-RA_ERBACHBEBELLARERFICEEREALTWALAE
FEFoRHEEZ, BEFICHEZHhATZVLE, FELI39~3 3@,
FOFFLIE12~33@. FItFEL{IR14~33BTH3
CENMEEF LV, KRFEFOREN OIS UEBHEITHS &, 2B
RICEEDENVEXESGBILBEONZDOTHFE LY, £/, KFEEF
DBREUNCODIIRBHAICHS L, BERRIZBLILISI VYIS F
Y- VRTLERMERBI AT MLy FETLERDAE SO
50, WH., COKFRRFHIZ. AVWoh3EXRB MV Vv ELETF
S UBR2EBULDREMTHAGBEGICRIhODKEREFHO
TYTRT .

LR TAEBROMAF) KOVT, BEGICHNT 5, TRO(L
EUTR, 2TORF-REF_EESR. 1 —2KRE (E=VEOD
D) . A-5KE. 12-14REBIT16-1 THEDO4LHE
THhbdo €£LT. CNODEKF—RF_EHKACHETILETOR
REFIE.FBE3. 6. 7, 11, 13, 15, 1 8OREELS
(8. 9. 1 0BXT 1 SORERBINHN) , H-TRT
DRF—REFE_EREAGICHMETIZTOREEFIESLTWAIK
FHOGHRB. FE3IFTIC2MHE. 6BIC3MWM, 7TFIZ2ME. 1 1%
C2fE. 1 3B, 15FBIC2M. BIU18BIZ2BETH3
Mo, 1 BEEN B,

represented by the

t he

a
n



[err] 15 wherein f is an integer of 0 to 5; g is an integer of

lto 6; Rerr], Rerr], Rerr], Rerr] and R err] my be the sane or
di fferent and are each a hydrogen atomor an al kyl group of 1 to 5
car bon atons; R8 is a hydrogen atomor an alkyl group of 1 to 5

carbon at onWO%344R9 i s a hydrogen atom an al kyl group of PCREPI8/08216 o 5
carbon atons or a group represented by -(CHerr])[err]-
CRlerr]=CRerr]Rerr] (nis an integer of 1 to 5 Rerr] and Rerr] may be
the same as or different from each other'®nd are each a hydr ogen at om
or an alkyl group of 1 to 5 carbon atons, and Rlerr] is an al kyl group
of 1 to 5 carbog At PEX OLE&H (-2 FVFv-2-J BN RV) TiE, &
TORF-REF_EZEAE. 2-3REXBIUVUS-8RKREFDOZHET
HB. TLT, INSORFE-RE_EESICHETILTORSE
BFIE. §F1. 4. 6LV 9IELS (HETORFRIEENA
VW) o o TRATORR- KR _ERQLBETIETORERTF
KA LTWAKRBOEHIE. #B1BICIBE, 4Fc1/E, 6

FIL2W. BLUVIFTL3ETHSAEhS, TEAENKS,

ABEETE, EXBRMN 2 VEALBTF IS0 NITIIR, E=
WEELRBS-JNENRV-2-ANBITHBELLCRFERFIC., | @
OEHRRMAKFEL 2HEOKRKKEFELHRHEELTCWEEXRB M) =
VERRBRTFRFSZUOBFE LV, TADL, EVEFAE- 0
RNVRV-2-ANVEPAFLVVE (-CH:-) TEAELTWSER

RNV VERBTFINSISZUONEFR L,

COEIRBHFHERMNIZVELB T IS 2V OUDMTE, THR—
B (11-a) AR TR R (1l1-2) TREIHI3LADHEFS
L,



25 [err] _ wherein f, g, Rerr], Rerr], and R err]
to Rlerr] have the sanme neani ngs as in the formula (IV-a). [err]

WO 98/31745 - PCT/¥P98/00216

17

R RS RS
| | |
C=2¢C C CR7=CR8R®
q |
R¢ /g

xH, pIXU¥qll, BVWICRA—THRL>TVTH X, 0F
i1 THB (BLp & qRRABICOTIRAWL)

FIRO~50HTHD, BELR0~20%HTHS (AL
pLan®EIll DBFBAIROTREREW) o

giil~6DEHETHY, FELIRZ1~30EHTH 3,

R'.R?.R*,R*, R, R*BXUR" B, EWiZH~—
THRE->TWTh &L, AkFEREFELRRERFER1I~5D7T
MENEEFRL, B2 UCRKRERFELRRERTENL~30
FUFENE, TDFEFL(RBR'.R*, R*, R*, R® $XU
R® #KAEBEFTHOR PARRFELRIKREFHES 1 ~3 0
FLENETH D, CCTHREEFEHS I ~SOTAFAELLT
X, 2AF N, ZF N, p-Tabl, i-TaEN, a-TFN, i-TF
. sec-TF N, t-TF N, RUVFNVNEERBITFON S,

R* 3. KEFEFFLREEEFHNP 1 ~5DOT7T NV FVEEZRL.
" FF U RAEEFEARREFEFEN I ~B3DOTLVFIVE, &0
FE UL RRERFEA 1 ~3O0TVFAVETH S,

R® BKEEF. REFEFHENI~50T7TNVFNETII- (C
H.),~CR!*=CR"R"*TEINHE (IIT. nlkl~50
BEHTHO., RUBIUR'"E. EVWRKA—THRUL->THTH X

B2C=CH~-CH: - C ) {I(T:‘ }f

1 - (1II-a)
CHa /p



wherein f, g, Rerr], Rerr], and Rerr] to Rerr] have the sane neani ngs
as in the formula (IV-a). [err] 10 wherein f, g, Rerr],
Rlerr], and Rerr] to R err] have the sanme meani ngs as in the formul a
(IV-a). 15 In the present invention, the above-described non-
conjugated pwossma74siii) is preferably at | east one non- PCEIRISINgS ed

triene or tetraene selected from conpounds represented by the general
formula (l11-a) wherein

18
(, KERFELURRREFEAS1I~5OTIVFNVEEZRL, R?

REEEFHNI~5DOTLFNEERT) 270, B URK
EEF. BEEFEA 1 ~307MFNEEIE- (CH2).—C

R!"=CR!"R"MTEEhBE (T, niF1~30¥HTHY,
RUYSLUR'"ME. BVWRRAI—TRLE->-TWHWTH L., KFEET
F-EREEFENI~3OT7IVFLELERL. RTEREFREFH
MI~3DTFTNFNEETRT) THb. BL, paifXiZl1 D5
&. R BAEEFETHURRERFERI~S5DOTNVFNETH S,

1 R3
@'—CHZ C \ C = CH %CR"—CRSR"
i
CH

|
CHs /p

- (III-a)

(R®H, p. g, f. g. R' ~R* 13, @i —HKX (Il-2) OB
LA UCE%RTH S, )

(iii) FEEB/RYI U, WER—EX (11-a) £ (11-2)
TEINZIEXB/IMNIZVELRBFINSZIUTHS E, ARDEM
Wﬁﬁﬁﬁ<\%ﬁ&%#%ﬁéﬂ%&#?ﬁ4kﬁ#~wsxw
FAXPLy FREBEFEIIEN S,

CoxS5HWME—HR ([[-a) TEINHZHEHB MY VTR
FFSTVELTERBIZR, UTOXS5QLEHAREFSNS,



constituent units derived from said non-conjugated pol yene

10 are represented by the general formula (I1-b), and

particularly, is preferably at | east one non-conjugated triene or
tetraene sel ected from conmpounds represented by the general formula
(I'V-a) wherewoaB8KHsi t uent units 5 derived from sai d non- porvyregatne

pol yene are represented by the general formula (I1V-b). I n
the present invention, the above-described di ene rubber (B) is
preferably at |east one rubber selected tgom t he group consi sting of

nat ural rubber, isoprene rubber, 10 styrene-butadi ene rubber and
but adi ene rubber.
CHs CHs
! |
H2C=CH-CH,~CH> -CH=C-CH, -CH> -CH=C-CH3

6,10-U A F N-1,5-9-3 v FH Yz (DMUT)

CHa CHs
| |
H> C=CH-CH>-CH=C-CH,~CH>~CH=C-CH;
CHs CHs
I i
Hz C=CH-CH -CHz -CH=C-CHz-CH=C~CHj
6’9_:‘/“)1 ‘?'}!/_}’598_?7\7 I‘ UI:/
CHs CHs CHs
| | |
Hz C=CH—CH2 —CHz —CH=C—CH2 -C = C"CHs
6,8,9-P Y A F N-1,5,8-FAH Y
CHs CHs CHs
) | }
H>C=CH-CH, -CH> ~CH=C-CH.-CH, -CH=C-CH, -CH> -CH=C-CH3
6,10, 14—~y A F)-1,5,9,13- RV ¥ FHF bS5V

C:Hs CHs
| |
H>C=CH-CH, -CH>-CH=C-CH, ~CH>-CH=C-CH;

- F N-10-A FN-1,5,9-9 U FH pY v

CHCH3 CHs CHs
1 I I
H>C=CH-CH,-C- (CH2 )2—CH=C-(CH, ).-CH=C-CH3
U-x Yy 5F-8,12-P A FN-1,T,11-,YyFH MYy (EDT)



The rubber conposition for a tire side wall of the present invention

Is formed into given shapes, then subj ected to vul canization to obtain
atire side wall. : Exanpl es of the rubber conposition for a tire
tread of 15 the present invention include the follow ng conpositions:
(1) A rubber WOM@b¥Ftion for a tire tread wall conpri sPODIPISI026 A’ ) an
unsaturated ol efin copol yner prepared from (i) ethylene, 20

(ii) an aromatic vinyl conpound, (iii) a non-conjugated pol yene,
and optionally (|v) an [err] ol ef201 having 3 or nore car bon at ons,
in which the nolar, rati ) Lo ugnt units “derived from
ethyl ene (i) to %dnst F'!?]-]e é’tﬁ Iclelaf) éﬂéz%ﬁ S Bhb Y ek Sofeld 7
having 3 or e._carbna (|v)_|5|_\nthe range of from 100/0 to
19160 and thh By BUCERiE RS Heles (0 Cxsng ki

M VERRBF ISV ELTHRLEZEEBOE VB EE5-)
WERNRY-2-A VEBIZEE|MI L4 rEIFSI 3,

BiE—X (I-2) CEEINZEX/R IV Vv ELRF ISV
ORTE, TE—MKX (IV-2) TEIhBFEXABMNIZVvELRT
FIZUMFELL, COFERMIZVERBF IS V. B
A—fX ([1-a) TRINZEXRIMNIZVvELRF IS vIzE
WT,. o1 THD, R 0DLEWMTH 3,

g, WMRE—ERX ([[-2) TE2hBIFERXB MYV v ERIEF
PSS ORTE, TR—ERX (V-2) TEXhB3EXEE V)Y
ELRBTF PSS URFELYL, CORERIMNYZVELRF IS
vid, WER—EK (Il-a) TRESNBFEXR NI Z Vv ELEF b
TEIVRBWLT, pA1ITHD, aR0D{LENMTH 3,

H2C=CH-CH. — C*—E H }C = C -R?

AP, TR, 0~5088TH, FELRI~20EHTH
%

ER. I ~6DEHTHD, FEL(R 1 ~30EHTH 3,
R',R*,R°*, R*BIXUR" 3. EVWIF—TbRBH T
WTh X, BRE—EK ([1-) LALTHL. B LI RAEE

- (IVv-a)



[((1)+(iv))/(ii)] of the sum of constituent units derived from

et hylene (i) and constituent units derived fromthe [err]-

ol efin having 3 or nore carbon atons (iv) to constituent units
derived fromaromatic vinyl conpound (ii) is in the range of from
99/ 1-to 85/ N80 9stzut4s (B) a diene rubber, 5 wherei n t ECTAUPOgOR1G at i O
[(A)/(B)] of the unsaturated ol efin copolyner (A') to the diene
rubber (B) is from 1/99 to 50/ 50. (2) The rubber

conposition for a tire tread according 21 to the above-described (1),
wherein the intrinsic viscosity '

FELRREEFEDP 1L ~3DOTAVFNE, OHFZFUIRR' .
R, R® $LUR® R"AKREFTHOR PAFRREFERRE
BEFENR1I~307 VW NVETHS, R’ . R* \ R® BLXUR®
PKERFTHh2B4. EARECHEICEN, LHADNMREES XU
BLERICEN AN F LV s VREAESUIRE SN S,

R® i3, WRE—&=xX (I[-a) ERAMULTHH, FELIRKEREF
R RREEFENI~S50TNFNVE, SODFEFULREREF
Bh1~30F7VFNETH B,

R® 13, Bis—a&x (Il-2) tAULTHH, FE L RKERF
FRRRERFENI~3OTNFNETH S,

R RS\ R? Re
| | | ]
EXLGE—C—{C}—{C}—C=&W
1} ) |
CH \ R2/t \ Ré/g
| e (V-a)
CH

3

(%%, f. g. R' ., R, R®* ~R* &, B —&=K (IV-a)
OHBEEFMUBERTH 5, )

(iii) FEHBRY v &, RN (IV-2) £ (V-a)
TRINIFEHXRBRIMNIZVELRFISZUTHS L, AARBEM

- MEEREL, THEBBHLroBONB I A YA FI+—-NEIT

FA4AY by FIZBREFSEIZEN S,

— X (IV-a) 7 (V-a) TEINBFHEEIMNVIZVER
FrSzvoBKMBEbOLLT, TRE—MKX (1 a) F7i3 (2
a) TEINBFH#EBRF IS vEBITR—ER (3 2a) 721



10 [[err]] of the unsaturated ol efin copolyner (A ) neasured in

decalin at 135[err]Cis from1l to 10 dl/g. (3) The rubber
conposition for a tire tread accordi ng to the above-described (1) or
(2), wherein the iodine nunber of the unsaturated ol efin copol yner
(A) is fronV@9%ARH45 o 50. (4) The rubber conpospei/mmsbetsa tire
tread according to any of the above-described (1) to (3), wherein the
non- conj ugat ed polyene (iii) constituting the unsaturated

olefin copolyner (A') is a triene or tetrdene of a 20 hydrocarbon.

(5) The rubber conposition for a tire tread according to any of the

above- descri bed £14 )t ec @@ puegeigt oy ey pcas vy 20PNEUDRL o HObeOE{111)

constituting the unsaturated efin copol 5

non- oo yoal edgitiRNe OR 222 R ¢ ek JARRORRB WIEH BF-B% DI AP0 o
TVELEBTF IS AEFELL, R L R?2 ., R® 5XUR® #
ETKRREFTH2H6. EARICHIEN, LHrbIMAEES &
UBZERICENLTEBREI VI 4 VREREAEK (A) 3XU (
A) "BSh%, R' . R*\ R* 5XUR*® B2TKEEFTH
SHEERMNI VO ETRE—ER (5a) £7213 (62a) IKFRT,



(Ir-a) or (Ill-a). (6) The rubber conposition for atire tread

accordi ng to any of the above-described (1) to (3), wherein the non-
12 conj ugat ed polyene (iii) constituting the unsaturated ol efin
copol ymer (A-) is a non-conjugated triene or tetraene represented by
t he above- deWOBBEMS general fornul a (I'vV-a) or (V-a). pchapesioezie (7)
The rubber conposition for a tire tread according to any of the
above-described (4) to (6), wherein the above-descri bed
non-conjugated triene or tetraene is a nd@® conjugated triene or

tetraene having a total of 9 or nore

il i |
CH R?/f Ré
! .

CH3 ves (1 a)

R R®\ R7 RS
| ] ) |
[:E:L‘CHz'—'C c C-}—-C = C—(CHg)hCR‘°= C(R'")R'2
g

CH (2 a)

R'} R\ R7 R®

| | I i

H2C=CH-CH.- C C = C-}—-C = C-R®
8

! | |
CH \ R? Jf Ré

R R5\ R? R®
| | I I
H>C=CH-CHz- C C C-)— C = C_(Cﬂz;hcgtoz C(R'1)R*2
2 :

CH3 .es (3 a)

R! RS R? Re®
I ! | |
@’CHZ - }C = C-R?
g

@]
Q
(@]

i ] |
CH R2/f R¢

CHs e (4a)
R7 RS
| |
H»C=CH-CHa- C Ha CHz)—C = C-R
il by g8
CH
}
CHa « (5 a)

R? Re
1 |
@—cnz —cC Hz)—(cmﬁ—c = C-R?
f g .

CHs - (6 a)



hydrogen atons directly bonded to all the carbon atons 10 adjacent to all

t he carbon-carbon doubl e bonds in one nol ecul e. (8) The
rubber conposition for a tire tread according to any of the
above-described (1) to (7), wherein the diene rubber (B) is natural
rubber, isopwmeyssmsber, 15 styrene/butadi ene copol yner r kopapesobaasadi ene
rubber or a m xture thereof. BEST MODE FOR CARRYI NG
OQUT THE | NVENTI ON The rubber conposition for a tire side wall of
the 20 present invention conprises (A) a2%pecific unsaturated ol efin
copol ynmer and (B) diene rubber, and optionally (O carbon bl ack and/ or

(P ol cam o P BBRC L ) # 51 of Do S0P, EQTTALS MR, el g 7o
6 DEH. R’ . R* { R* , R®* $XUR" BAERFE /IR
FEFB1I~507AFALE . R BKERFELEIREEFHI
~5DFTNLNFNE,. nRBI~50EH. R'"HIUR"BKERF
T RREEFHI~5070FVE, RPEIEERFH1I~50
TLVNFENETHD, —KX (3a) /3 (4a) P, fR0~5
OB, g1 ~60%HK, R' . R? ., R* , R®* $LXUR"™ &
KEBRFEHLREKEREFHI~S507VFNVE, R RAkFERFZF
ERREFEFHI~S5O07NVFNVE, R® BAKREFELRRER
FHERI~507NVFNETHD, —fKHN (5a) £k (6a) #H,
f. g R" BXUFR? BvdFhdb—ikzx (3a) £/1F (4a)
ERMUTH 2. R" BXUR® oFTHFHILLIDOR—KK (IV-a)
¥Fhid (V-2) ob0LRAUTH3, R° BKFERFEALRRER
FH1~5, FEFLRBR1I~3DTNVFNVETH S, )

B — A% (IV-a) TEEhBHERXE MV VERLRBTF IV
ELTRGHITR, UTO LI BLEHREBE TSNS, Thoow
T, (5) . (8). (9>, (11), (14>, (19) %
U (20) DILEHNFE L\,



25 copol ynmer and (B) diene rubber. First, respective conponents

used in the rubber conposition for a tire side wall and the rubber
conposition for atire tread of the present invention are expl ai ned.
13 (A) unsaturated ol efin copol yner and

(A') “unsat ur HOW38148f i n copol yner The (A) unsat ur rteoreskesié n
copol yner and (A) unsaturated ol efin copolyner are each a random
copol ynmer of 5 (i) ethylene, (ii) an aromatic vinyl compound and (iii) a
non- conj ugat ed pol yene, or a random copol ysrer of (i) ethylene, (ii) an
aromatic vinyl conpound, (iii) a non- H conj ugat ed pol yene and (iv) an

[err]-olefin having 3 or nore y
(1) HzC=CH-CH,-C-CH.~-CH=C

Il \
HC-CHs CHs
W FYFU-L,6F s Iy

CHs
(2) HzC=CH—CH2—C-CHz-CH=C/
Hg-CHa \CHs
T-AFNU-z2F Yy F o162 552

CHs
(3) HzC=CH-CHz—C—CHz-CH=C/
Hg—CH3 \CZHS
T-AF V-2 F Y Fo=1,6-)FV x>y

CaH,
(4)  HC=CH-CH,-C-CH.-CH=C
Hg-CHs CaH,
T-2FN-B-2F YV Fr-1,6-) Vx>

CH; CHs
(5) HzC=CH—CHz-C-CHz*é =C/
H(I;-CHa \CH:-;
6, T-IAFAU-2FYFo-1,6-72 51>

CH, CHs
(6) H2C=CH—CH2-C-CH2-E =C/
Hg-Cﬂa Ca2H;
6\T-VAFIIN-Ub-2F YV F-1,6-)F D1y



carbon atons. 10 (i1) Aromatic vinyl conpound As the
aromatic vinyl conpound (ii), a conpound represented by the follow ng
general formula (1) is - specifically used. [err] wherein
Rlerr] and Rlerr] nmay be the sane or different and are each a hydrogen
atom or an awosssagmpup having 1 to 8 carbon - at ons, prePeT/aIvsP02a6

hydr ogen atom or an al kyl group having 20 1 to 3 carbon atons;

Rlerr] is an alkyl group having 1 to 8 carbon atons, al koxy group,
carboxyl group, acyloxy group, acyloxy- 26

H
/
(7) HzC=CH-CHz‘C—CHz'CH=C\
Il
HC-CH3 CH>-CH>—CH;

b-2F ) Fo-1,6FAT1Y

CHs
(8) H2C=CH—CH2-C-CH2-CH=C/
Hg-CHa \CHz-CHQ—Cﬂs
T2 FN-b-2FYFo-1,6-FhTx

H3C-H.C-H2C CHa
€)) H>C=CH-CH2-C~ CHz-é=C/
_ Hg-Cﬂs \CHa
T-AFN-6-ToN-b-FYFor-1,6-cF27 %01

H
/
(10) H2C=CH'CH2-C-CH2-CHz—CH=C\
]
. HC-CHs CH,

x5+ yFv-1,7")Foxw

CHs
(11) H2C=CH—CH2—C-CH2-CH2-CH=C/
Hg-CHa \CHs
8- AFN-U-xFYF-1,7-/)3+Px>2 (EMN)

H
/
(12) H2C=CH‘CH2“C—CH2'CH2'CH=C\
il
HC-CHs CH2-CHz-CHs

b2 F Y Fo-1T-2 0 FhIxY



substituted al kyl group, hydroxyl group or hal ogen atom mis an
integer of fromO to 5, preferably fromO to 25 3; and nis an

integer of fromO to 2, preferably 0 or 1.
| es of the aromatic vinyl conmpounds as descri bed

above i ncl ud\?‘@?@%ﬁe nmono- or pol yal kyl styrenes such as PCT/IP98/00216
nmet hyl styrene, di nethyl styrene, ethylstyrene and the |ike; functi onal
group-contai ning styrene derivatives such as 5 net hoxystyrene,
et hoxystyrene, vinyl benzoic acid, nethyl 27 vi nyl benzoat e, vinyl benzyl
acet ate, hydroxystyrene, chlorostyrene,cgivinylbenzene and the |iKke;

3

and phenyl - /
(13)  H2C=CH-CH,-C-CH»-CH,-CH=C

I \
HC-CHs CHZ‘CHz‘CHg
8-)‘ %}l/-u—.la:“}i—"/—'l,?_’) ‘s/7—_'j] yl‘/

CH; CHs
(14)  HoC=CH-CH~C-CHa~CHy—C =G’
HC-CHs e
T8 AF N F Y F 1,7~ F Ty

CH; CHs
(15) HzC=CH—CHz—C-CHz-CH2—é =C/
H('ll—Cﬂs \Csz
T8I AFN-U-2F Y Fo-1,T-FH Ly

CH, CHs
(16) H2C=CH-CH2-C—CH2-CHz-é =C/
Hg-Cﬂs \CHz-CHZ—CHs
T8 CAFAN-U-2FYFU-1,T- 0 FHp oy

C2Hs CHs
(1) 'H2C=CH-CH2-C-CH2-CHz-é = C/
Hg-CHs \CHz-CHZ—CHs
B-AFN-T-ZFN-U-2F Y Fo-1,T-9 v FHh 1>

CZ H5 /CZ H [
|
(]8) H2C=CH-CH2‘C’CH2‘CH2—C =C
1] \
HC-CH3 C2H;

TP FN-U-2F Y F-1,T-FHILy



substituted al kenes such as allyl benzene, 4-phenyl butene- 1,

3« phenyl but ene- 1, 4-(4-nethyl phenyl)butene-1, 4-(3- 10

nmet hyl phenyl ) but ene-1, 4-(2-nethyl phenyl butene-1, 4-(4-

et hyl phenyl ) but ene-1, 4-(4-butyl phenyl)butene-1, 5- phenyl pent ene- 1,
4- phenyl pent\W@&831748- phenyl pent ene-1, 5- (4- met hyl pherg/jeoso2esne- 1,
4- ( 2- met hyl phenyl ) pent ene-1, 3- (4- met hyl phenyl ) pent ene- 1,

6- phenyl hexene-1, 5- 15 phenyl hexene-1, 4-phenyl hexene-1,

3- phenyl hexene-1, 6-(4- met hyl phenyRBhexene- 1,

5- (2- net hyl phenl ) hexene-1, 4-(4- met hyl phenl ) hexene- 1,
3-(2- net hyl phenl ) hexene-1, 7- phenyl hept engdi, 6- phenyl hept ene- 1,

5- phenyl hept ene- },194- - _heptenenrd.. ~8z4henyl oct ene- 1,
7- phenyl oct ene- 1,3( 89 %C Cﬁgﬁﬁpgﬁgr@?f&%pghe\nyl octene-1,

4- phenyl oct ene-1, 3- phenyHO€Hene- 1, 10- ph&Hyl decene-1 and the |ike.

O these aromati.q, vj ny ompounds, styrene, allylbenzene, 4-
phenyl but ene-1 are pr@fé{gﬂl’é?—%ﬁd '}pﬁr{rilﬁ/_&’FWyjf%Vyrene is

CH; CHs
(20) H2C=CH—CH2‘C-CH2“CH2‘CH2‘é =C/
Hg-CHs \CH3
8, 9-VAF UMz FYF L -1,8-FHP1

CHs
(21)  H2C=CH-CH>-C-CH>-CH,-CH>-CH» 'CH=C/
H(I'J!—Cﬂs \CH3
10-AFN-U-2F Y F-1,9-0 0 FAHATL
CH; CHs
(22) H,C=CH-CH,-C-CH2-CH2-CH:-CH> -(!1 =C/
. Hg-CH3 \CHs

DIO-PAF NV FVF -1, FAhS Ly

/
(23) H, C=CH-CH>-C-CH2~-CH,~CH>-CH2 -CH, -CH=C
I \
HC-CHs CHj3
MN=-AFN-Ub-F Yy Fo-1,10-FFHh vy

CH; CHs
(24)  H2C=CH~CHz-C~CH,~CH,-CHz>-CH>-CH. —(l: =c/
Hg—CHs \CH3
10, M-PAFN-4-2F Y Fo-1,10-FFp x>



preferably used. The aromatic vinyl conpounds can be used 25 alone or in
conbi nation of two or nore Kinds. (ii1) Non-conjugated pol yene
Exanpl es of the non-conjugated polyene (iii) include di ene conpounds
such as dicycl opent adi ene, 1, 4- hexadi ene, :

15 - cywomsstiadi ene, net hyl enenor bor nene, et hyl i denenoPOTHIPASiEe216

vi nyl nor bor nene, 7-nethyl-1, 6-ocatadi ene and the |ike, non-

conjugated trienes or tetraenes having one vinyl group in one

nol ecul e, and non-conjugated trienes or 2%t raenes 5 havi ng one
5-nor bor nene-2-yl group in one nolecule. The total carbon atom nunber

of this non-congpggatqgAr(NaPrcEIh LR MV TV ELBF ISy
LUTEKBIIE., WR—8®% (IV-2) TEIh3ERBIY Y
F1lF PSS T ELTHRUAABOES L EES-J AL R
VoA NEEERI LAV AET SN B,

ARETIR, (iii) EHEBRYZ VI, BRE—BRX ([[-2)
EIhBMAMTHS LR ELL. HR—ER (IV-2) &1
(V-2) TEXNB{LAMTHILHNE0FE L, WR—ER
(IV-a) TRXNBLEMTHZILEHRBIFE L,

(ii) FERBRY = UM, WR—BR (11-2) TRIhZEH
MIMVLYEARRT ST U THDE, SR I BB A <,
HEBBPSBONE I A Y I A R s — LB XBEFL YLy K
REERECENS,

(iii) EREHRY T VB, HR—ER (V-2) TEINSER
BP)LVERRBF IS UTHSD I EHBRBRE, REFESES X
UERFEHEoaMoiFFE U, BiEe—#&xL (IV-2) TXIh 33EH#
BIANVZVELBT ISV THEE, EROHSBONB I A Y
FARI+—ABEXEISP by FITHREE, BESE. MER
B IcEh s,

MEFEXB PNV IV ERRFIFSI VR, FSUYRRBLITYR

T HBORABVTH-Th &S, " UVREBEBEALRVYIAGERMTH
SThb&, Uk, FHBWEFICHIT2HBERNIT, MGEBELRE
TAH DT W,

oo (iii) FERB/RY TR, | EEBTELR2EUL

MEDETH VS LNTE B, PIAE., WE—ERX (11-a) F1



tetraene (when two or nore non-conjugated trienes or tetraenes are
present, average carbon atom nunber) is not specifically limted, and
it is desirable that the nunber 10 is preferably from9 to 30, nore
preferably from 10 to 25, and particularly preferably from10 to 22.
A non- WO Ia¢at ed triene or tetraene of which car bon rivaresmsaliser

Is in such a range i s advant ageous since handling thereof such as
purification and the like is easy. In this 15 specification the -term
"triene" indicates a hydrocarbon c®opound havi ng 3 car bon-carbon
doubl e bonds (C=C) in one nol ecul e, and the term "tetraene" indicates

a hydrocarboniy (111 opnpeusdsiiqs spldea hoa: saghens doublrpDongs (g in

one mol ecul e. This carbon-car bon doubl e bond 1 nclu a car

oo e S L Y 0 b MR ) Sbhentene !
as described gogvg Forused.y & —gg (3 a) £7:i3 (5a) TExh 33
RPNV EZHEEAETRHWVWARZLEETEBL., BIRE—L (1
a) TRINBFEEBRT ISz e, — &K (4 a) TEXhB¥E
(BRI EEZHMEARTRHNWRZZIELTE S,

FEHXB MV VELRTF IS VvOBER. BEESH., FLQR
WANXZ PV, To b YNMRIRZ PUSEERET I L&D
RETBLNTE B,

it — ([1-a) 703 (11l-a) TEEINB3FHEBIPY Y
FLRBF P2, A, EP0G691354A1A8H. W
096/201502RICEBBRINTVEESINBERADDHEIC
Lo THBT B ENTX 3B,

BEEMIZR, sTENVEEGTE T U (FIZE oy Uk
TV, naF e V) LEBMg Lt 2RIESR T v —
WVRE (FTUIN-MgXFhBE=2L-MgX) 2HET 3. ki
T IO Y=Y - VAR L, EEAR_ERELISARLELKEDO D
o) (FZE oy eyrSoi) EARIGxE3 L, Hgs
Risick b, —#X (11-2) 743 (111-a) cExh3HEEB
VI VERBRF IS UERETEILNTE S,

ERWE— BN (IV-2) CEIhBZ MYV VERF IS Ui,
BIZEABEHBANHBUALSHEFES - 15495 28 cR@ah
TWLHBEINIDBETIIENTES, THDE, ZFL VLT
a—HRI (IV-a" ) /03 (IV-a' ") TERINZI /I U EEY



there is obtained a rubber conmposition for atire tread nore excel | ent
I n abrasion resistance, braking property, 25 rolling resistance and
strength. The non-conjugated triene or tetraene contains 3 (in
the case of triene) or 4 (in the case of tetraene) carbon- car bon -
doubl e bondsVQ@8H745 ncl udi ng a vinyl group or 5- PCT/SPI8/00216

16 nor bor nene- 2-yl group. The total nunber of hydrogen atons

directly bonded to the carbon atons adjacent to all the car bon- car bon
doubl e bonds contained in one nol ecul e 031 this non-conjugated triene

gLn}ngrﬁgnSrL%e%%I@@%fg c:._ale:l %_ ¥ 8 él&‘l,}_%: %n%\j_cg%l %odesi rabl e that the

H2C=CH-CH, — c—{ ﬁ }c = C—R9
e (IV-a')

7 RS
HaC=C —( CHz )——f CHa )— C = CRo

II
CH2

- (IV-a')

(=8 (IV-2’ ) & (IV-a"") &, £, g, R
UR® ~R® B—8K (IV-a) ERALTH 3, )
—ix3 (IV-a' ") TR hH3ABYVzvkeHELTE, MR
TERALSBRENET SN S,
BAF UV U-LS-NTIILU, 6-AFN-3-AF VL v-1,5-~F

. R* B&

FIOXL U, B-AFN-3-X2FL-1,5-F ¥, 6-F N-3-
AFUY-15-F2 892y, 5, 6-DAFN-3-2FL ¥-1,5-~F
SO 5, 86-DAFN-3-2F VL V-1,5-F 7%V, 8-AFL
Vo150 F VLY, 6-AFN-8-AF L Y-1,5-)F VLY. 6-%
FIU-5-TOEN-8-AF VLV UV-1,6-ANTIHYITY, 3-AFL V-1.6-
AT IVLY, T-AFN-Z-AFULY-L 6T I IILY, 3-2F L
VL6 FHIIY, T-AFN-3-2F U Y-1,6-FAILTY. 6 1-
IRAFN-3-AFLY-1.6F 28 ILY, 6.T-IRAFN-3-4F1L
1L~ 6, TV AFN-3-XF VL v-1,6-FH D
T=-AFNW-6-ZFN-3-XFL V-1,6-FHIT YV, 6.7-VxF )-8



from9 to 33, nore preferably from12 to 33, and particularly
preferably from14 to 33. It is preferable that the total nunber of
hydrogen atons is in this range, since a copol yner havi ng hi gh
cross-linking reaction rate 10 1is obtained. Further, when the total .
nunber of hyWP3§81y4s atons is in this range, a rubber corqom9ssas for a
tire side wall or a rubber conposition for atire tread excel | ent
in strength property is obtained. Wen the non- conjugated triene or
tetraene used is a mxture of two or 1532nore, this hydrogen atom nunber
I's represented by an aver age val ue of these hydrogen at om nunbers.

The counting nethad sof1; 6hg pupher,Qf ghydrogengzajoms) o -1, 7as deser bed
above is expl ai ned speC|f|caIIy In the follomnng conpound, “there are

(Vimyl aroup) g T e bond. 1. 1 o bon band and’ 18 1770 Bon

bond. The “L8-FAILYU, 89TV RAFN-3-AF L V/-1,8-FHIVLT Y. 10-
AFNV--AFUVY-1,9-OVFAILy, ,10-IXFN-8-4F L
YLD UFAIILY,

KRIT /LW EZF VUV EOREE, BV v Léhor
BII-oTHRUZN, BES0~200C, FEULCETO~1
50 COBET. =FV EC.049~9.8MPa (0.5~100
kgf/em? . ¥—UFE) . ¥ U<120.98~9.8MPa (1~10
Okef/cm'. ¥—VE) . &5IHELCIE0.49~6 9MP a (
5~7 0kef/cm*, ¥—JE) OEATIIZ0.5~3 0MTHNASB,
TFLIVE, REERCHELTNMA T XS, -HARGIZME
Td L,

CORWIE, ER. TVIT VR EDLRERTRAZEHKATCIT-T
bdl, ¥ BEAEFEALIVTIORIGETS 2 LN TE 35,
NFH I ANTES X250, )F . TFhy. 9 UFhRy, K
TAY. MUFA Y, MV U, FYV VR ECORERLBRIIEKE
FBEHROXGFTILIORIEE#TS L bTE 3,

LERETR, BEMETHIHFEARMNI VBT S5V,

CBEPMS VAR L VARBELEORAMELTESONh BN, —H DIk
RUEGPRBE—PLLTHROINZHEEGH 2, BEMIE, Btk -
TrSVABLVABERLAMTEI LN TES, shFlEtom
T LHCEARKT S LLTE B,

BV VEEPHEZF L LEORKBIEZ, EEMEOEETICH



carbon atons adjacent to these carbon-carbon doubl e bonds are nunber

3; 6, 7, 11, 13, 15 and 18 carbons (excluding Nos. 8, 9, 10 and 19
carbons). Therefore, the sumof 25 hydrogen atonms bonded to all the
carbon atons adjacent to all the carbon-carbon double bonds is 16
since there WPA831745 two hydrogen atons on No. 3 carbon at oPgTAHSR16ON NO.
6, 17 two on No. 7, two on No. 11,
three on No. 13, two on_ No. 15, and two on No. 18. [err] 5

33

bhd, FICORIE%E, EBESBILABLABRT VI =D o {ke
MENSRIMEOEETICITS L. BMET IR IV &
ftRFFPSUoRBRBIBSO S,

Fhebk@@DLS I L‘C?%t‘ohé—-ﬂ%it (IV-a) T&Rxh BI#kH
PV VERBF I, IV 72uRVIDIVEETF4 -
ATNVI—RISS€EH &Ik, Wim—&xX (V-a) cxah 3
FEBRPMNIZVEALRBF IS UARBSH S,

B ER MV Vv ERRF IS VUANOFEEERYVZ L EL
TR FIARKESTRERE-RE_EZEEZ 12 FHIC I AT
TEORBRRAEERI L VA RBREREXRBR Y, HELT
BERR-RE_ERZLLZ 19 FACZEAFT3ERKEY v &
NBEFOIhS, ChoDHERERYI VI I EBEBT, 328N
EHEET, D3 VRARIERXBR NIV ELRFFS EHE
TTHWAIENTE S,

LFEBEBRRIE®RBR IV ELUTHEH, LANFYIL Y 1,5-N
TErOxV, L6t oIy, LT-)FVL Y, ,B-FhAUL Y,
LI12-F b STV,

J=AFN-1LANFH I U, 4-2AFN-1,4-NFH I, 5-2
FU-1,A4-NFH TV 4-ZFN-1.4-\NFHY D1, 3,3-I X F

SN AANFY IV,

DX FN-1,4-NTF¥IxL U, 5-2FN-1,4-\NT ¥z, 5-%
FN-1.3ANT IV, 6-FAFN-1.5-\NTFZ¥IJxr, 5-F -1
.5—’\7‘.57 g VN

-2 FN-1,4-F 75920 5-AFN-1,4-F 75 Vx v, 4-x



A conpound represented by the following fornmula (5- 10

et hyl i dene- 2- nor bor nene) has two carbon-carbon doubl e bonds, nanely,
2-3 carbon bond and a 5-8 carbon bond. The carbon atons adjacent to
t hese carbon-carbon doubl e bonds are Nos. 1, 4, 6 and 9 carbon atons

(excl udi ng Ngoedis17as carbon atom). Therefore, the sum of hypengesrieons
bonded 15 to all the carbon atons adjacent to all the carbon-carbon

doubl e bonds is 7 since there are one hydrogen atom on No. 1 carbon
atom one on No. 4, two on No. 6, and thgge on No. 9. [err] 20

FN-1,4-F ¥V, b-ZFN-1.4-F 2 D2, 5-4FI-1
AV IVIY, 6-RAFN-1L5A I I VLY, 52 FN-1,5-4
75 ILY, G-IFN-LE5-FIIIIY, 6-AFN-1,6-%F 7§
IUT-AFN-1L,6-F 25V, 6-2FN-1,6-F 7351,
-FoEN-1,6-F 2 VLV, 6-TFN-1,6-F25VxL >, T-2
FIN-1,6-F 7502,

-2 FN-1,4-)F T2 S-XFN-1,4-)F OV, 4-F I
-1, 4-)F+ oy, - FN-1,4-)Fx v, - A FN-1,5-/ F
v, 6-AFN-1,0-7 I, 5-TFN-1,b-) F I U, 6-
ITFN-15-)F T2y, 6-AFN-L6-)FILY, T-AFIN-1.8
)+, 6-FN-1,6-) 0Ly, T-=FN-1,6-)FDx
T AFN-1LT-)Fx2 0, 8-AFN-1,7T-)F+Dx2y, T-2F
nN-1,7-) o=z,

5-AFN-1.4-FAHAIL U, 5-ZFN-1,4-FHIDL v, 5-AF I
“L,5-FAIZY, XA FN-1,5-FHIDL Y, b-2F N-1,5-FT7
VLU, 6-ITFN-1,5-FHILV, 6-AFN-1.6-FHIxT U, 6-
TFN-1,6-FHILZY, T-2FN-1,6-FAIDL LV, T-ZFIV-1.6
~FRIZV, T-AFN-1T-TAIDLY, 8-AFN-1.T-FhHIx
v, 1-2FN-1,T-THhIL U, - FN-1,T-FAIDZ /., §-AF
V-1,8-FAIXLV, -AFN-1,8-FHIOx v, 8- FI-1,8-F
hox .,

6-2AFN-1.6-Y Y FHILY, $-AFN-1.8&-IVFAVLVL
ERBFSNE, CNSOPF TR, T-AFN-1,6-F 7 5T Vig
ERFELL, ChoR 1 BEMTHLWT LWL, 2EUEMES



25 In the present invention, of the non-conjugated trienes or
tetraenes, a non-conjugated triene or tetraene

18 i n which one |inear hydrocarbon group and two hydrogen at ons
are bonded to a carbon atom adjacent to a vinyl group or :

5- nor bor nen®®@98/31745r oup i s preferred. Nanely, a non- PCW/IPaspazied
triene or tetraene in which a vinyl group or 5- 5 norbor nene-2-yl group

are bonded to a nethyl ene group (-

35
FTHWTSH X,

BB ERERXRZ IV ELTHE, -2 F Y FV-2-J LRI
XU -T o bBYFY-2-JEBENRY, 5-TFUYFv-2-) LEL
RV 2AFN-2,0-INVENF DL, 2-TF N-2,5-) VKR IF
DXV ERBETFSOhB, ChoDPRTIR., S-2FYFU-2-)1
RLVRUDREELL, ChoRIEBEBTHLTSIWL., 2@
LHAETRHWT L LW,

MRt EATRBLRE KE_EXESGZ 1 2FRIC2AF TSI
KBV ELUTHR. 5-E=N-2-J VKRRV, 5-7T Y I-2-J I
FNRVEDS-TAy = -2-) VENRXY ;2.5-JVFENF I
v, v ruRvIIVy, JNENFILZY, FESI Y20 [4,
4.0.12:5, 17101 FH-3.8-Vr VEDODBREKEYL Y ;1,7-4 7 %
JrY, 1L9-FAVIVEDa, o-VTUBEREFOHRE,
NOSODRTR, S-TAH5 V-2 NWEARY, VYV IarRv iy
TV, 25-JNENFVIY, LT- XTIV, LS-FhITY
HENRFE L, BIR-EoV-2-J VRV RVYBFELL, Th
GRIBBRMTHVLTOIWVWL, 2EULESYTAVWT L X,

AR T, EXEBREVZUP, ERXBR IV VELRTFIS
YTHBIENMIE (MEEE) . WRHEOBREOCAN»SHFZ L
<. miee—%=t ([l-a) /43 ([11-a) THRIhB3FEXEBE IV
VERBT S IUTHEIENER2ANSIOFELL, &5
CEIEE— &= (IV-a) /i (V-a) TRINSFEXEBRIMNY v &
T FSIUTHBIENHE L, EAWHE—KRR (V-a) T
HB3IELHAHERE, EERFHELBEREEOIMoHF X LI,



CH err]-) is preferred. O these non-conjugated trienes or
t et raenes, conpounds represented by the follow ng general fornul ae

(I'r-a) or (lIll-a) are preferred. [err] 10 In the above
formula, p and q nay be the sane or ) different, and are each 0 or 1,
with the prowbdsss3tat each 15 of p and g is not 0 at the BCRAIPISPUIES
f is aninteger of O to 5, preferably O or an integer of 1 or 2, with
the proviso that f is not 0 when p and q are each 1.

36

¢ (iv) RERFERIUEDa-FVT 4 V)

(iv) REFEFEXIULDa-F VT4 VEUVUTRKENICHE,
To bbby, I-TFU, I-RUVF U, I-NFLY, -AFIN-1-T
FuL 3 AFN-1-RUyFV, LFN-I-RNRVT U, -2 FN-1
SRYF UL A AFN-I-NFR Y, 4,4-I A FN-1-"FE ., 4
G-I XFN-1-RUF VU, -2 FN-1-\FL |, -2 FNV-I-\F
vy, -+ 2F v, 1-FEY, I-FFE VU, I-FF5FE V. 1N
FHFY,. 1-F 757, I- A0 VB EORBREFHNRS
~20®a—iv74yﬁéﬁéhéo

AfafELF L 74 VRHXEAK (A) TR, ThoDRBMNTERKRE
BEF#R4UEDa—-F V74 VHRFELL, HIZI-T7F 0, I-A
Fev, -2 F 0, I-FEUVHRHFZF L,

FfamEA Lo 4o YEREESE (M) TR, INS5O0UNTT o
Ly, 1-TF U, I-ANFR Y A-AFN-1-RVTF UV, I-F I F
VEIULI-FR Uy REFE L,

ChoDa-FVI74viE. 1 BERTEALR2ELULEESGDE
TRWAI ENTE S,

ARETHWAIABMETL Y 4 VREESK (A) BXUARAR
gL 74 VHEEEASE (A7) K. WIRE/ v —UHICHES

T AR MOBERKRS, ARBVOBEBMEHETDORWERTHRES I
TWHTd I,

(A) TfAFIHET L 74 VRBEESGHK S IT (A) SRk L
T4 VHRBRESKR, = F LY (1) hoEINIBHBLE, F
EHREE=IVESY (ii) »oEHINIBREME, FHRREKY v



gis an integer of 1 to 6, preferably an integer of 1 20 to 3.

Rlerr], Rerr], Rerr], Rerr], Rerr], Rerr] and Rerr] my be the sane
as or different fromeach other, and they are each a hydrogen
atomor an al kyl group of 1 to 5 carbon atons, preferably they are
each a hydr W&H8B3¥M48m or an al kyl group of 1 to 3 25 car bBaT/aR8i88216 and
nore preferably Rlerr], Rerr], Rerr], Rerr], Rerr] and R err]

19 are each a hydrogen atomand R7 is a hydrogen atom or an
al kyl group of 1 to 3 carbon atons. 37 Rlerr] is a hydrogen atom or
an al kyl group of 1 to 5 carbon atons, preferably a hydrogen atom or

an alkyl group(iii) D SEIPNBIHMBBEMUNZAENS VT LIZEALTES
L. (iii) BRIV CBATIPEBEEZEFTTHIE L LT,
FHI, EEVCBRBELNL-TWE*EAK, iz FL Y

(i) PoBIrhIHBBBMAL, FEERE=INLEY (ii) ho@E
AHAWMBRBME, FXRFRRVLY (1) AOBINZWRBELE
E. REEFENXSUEDa-FV 74 (iv) DoBIh 3B
BurehZhs v LB LTEAL. (iil) F#HERY L
VICBRTI/BEBEERF TS EELIC. EHIE, HEMCHRIRE
BLRSTVWEIREEGUTH S, COXEQEINEZOIRREE
A UTCHODEHEBIIY IVRBEBESKEZSF LRV LR, BH
B4RV ERBBECERBL, FBESZEHNICGERVLILITLD
HRTALNTESB, LEAIEBRGE [2) 288 T 31,
FHESENL1835C, THVVIEEEXCERT A LICXOER
THIENTE D,

FA B A E Y s — VAT LERMIZAVWSON B (A) Fiafk
AV 74 vEREESGER, 2 FLY (1) DoBIrhI3BEREM L.
REEFENIUEDa-F VT4 (iv) hoBHh B3 #REAM
E0ENME (CI) /G ) H100/0~40,/60, BFEL
{IX95/5~55/45, X0FELIZI0./10~60,4
0, SSITHFELRE0/20~60/4008BIHH, =F
VY (1) DoEMrNIBREMERIAREFHMNIULEDa-F L
T4V (V) HOoBIPNIBMRBUELOBFHEL. FERLE =1L
a9 (i) MOBANABRBREEOENLE ({ (1) + (V) )
S i)Y M98 /2~60/40, FFLIRIT/8~70/



5 o0of 1to 3 carbon atons, nore preferably an al kyl group of 1 to 3
ear bon at ons. Rl err] is a hydrogen atom an alkyl group of 1 to
5 carbon atonms or a .group represented by
-(CHerr])[err]-CRlerr]=CRlerr]Rerr] (nis an integer of 1 to 5,

R err] and WOH8B174hay be the same as or 10 different froRCHARISOOZIEEr and
are each a hydrogen atom or an al kyl group of 1 to 5 carbon atons, and
Rlerr] is an al kyl ~group of 1 to 5 carbon atons), preferably a

hydr ogen at om an al kyl group of 1 88 3 carbon atons or a group
represented by -(CH err])[err]-CRlerr]=CRlerr]Rerr] (n is an integer of 1

to 15 3, Rlegr] apdsRiexriy gey e theg LG VEEHIE BB W oIl

other and are each a hydrogen atomor an a group of
atoms, and R1Z.is an alkyl group of 1 to 3 car bon atoms) with the
provi so that whén p and g are each 1, RO is a hydrogen atom or an

al kyl group of 1 4o155a hon 28 BURTE 5 MR RAL & . HEREFMA S BLED
a—FV2747 (iv) phoBhhrHEERL oL ( (1) /
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[err] wherein p, q, f, g, and Rerr] to R err] have the
sanme neanings as 25 in the above formula (I1l-a).

20 When t he non-conjugated polyene (iii) is a non-

conjugated triene or tetraene represented by the above- descri bed

general formubasgi7isa) or (I11-a), the PCT/IP98/00216
39
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conposition has higher vul canization rate, and a tire side 5 wall and

ti.re tread obtained fromthe conposition has excel l ent strength
property. Speci fic exanpl es of the non-conjugated triene or
tetraene represented by the above-described general formula (rr-a)
i ncl ude the Wb $smarasg conmpounds. 10 PCTOPYsmO21p
CHerr] | |
Herr]C=CH-CH err]-CHerr]-CHC CHerr]-CHerr]-CH=C CH err]
6, 10-di met hyl -1, 5, 9-undecatri ene (DVUT) 40 CH3
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6, 9-di net hyl -1, 5, 8-decatri ene CH3 CH3 CH3

| - | | 20 H2C=CH CH2- CH2- CH=C-CH2-C = C-CH3

6,8,9-trinethyl-1,5, 8-decatriene CH3 CH3
CH3 I I I H2C = CH - CH2 - CH2
- CH=C- OnMR9S3OMR - CH=C- CH2 - CH2 - CH = C - CH3 PCT/JP98/00216

6,10, 14-trinmethyl -1,5,9, 13- pent adecat etraene 25

21 Clerr]Herr] CH err]

| | H2C =CH CH2- CH2- CH(} CH2- CH2- CH =C- CH3
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6- et hyl -10-met hyl - 1, 5, 9-undecatri ene [err] 5

4: et hyl i dene-8, 12-dinethyl -1, 7,11-tri decatriene (EDT) Specific
exanpl es of the non-conjugated triene or tetraene represented by the
above-descri bed general fornula (I'l'l'-a) include conpounds in which a
vi nyl group whegrfiess 10 conpounds exenplified as the non- cagnagsa/eliét ri ene
or tetraene represented by the above-descri bed general formula

(I'1-a) is substituted by a 5-norbornene-2-yl group. O the
non- conj ugated trienes or tetraenes repr agent ed by the above-descri bed
general formula (lIl1-a), non- conjugated trienes or tetraenes
represented by the follomﬁng general fornmula (IV-a) are preferred.

These non- conj ygated trienes qﬁ t et @e e3parpsconpounds correspondi ng

- (V-Db)
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b). (2b). (3b) %1 (4b) TEINAMEEHLT
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to the non-conjugated trienes or tetraenes represented by
wherein p is 1,
O the non-conjugated trienes or tetraenes represented

above- descri bed general

above-descri bed gener al

tetraenes rayoemamsed by the

preferred. These non-
correspondi ng

formula (11-a),
formula (111-a),
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to the non-conjugated trienes or tetraenes represented

t he above-descri bed general

Re
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[err] 5 In the above forml a, f Is an integer of 0 to 5,

preferably O or an integer of 1 or 2. Is an integer of 1 to 6,
preferably an integer of 1 to 3. 10 R[err] Rlerr], Rerr],
Rlerr] and Rlerr] may be the sanme or different, and they are each t he
sanme- as in twesermsl a (11-a), preferably " they are eacpcayigdiogen
atomor an al kyl group of 1 to 3 carbon atons, and nore preferably
Rlerr], Rerr], Rerr] and Rlerr] are each a hydrogen atomand R7 is a

hydrogen atomor an alkyl group 15 of 1 4 3 carbon atons.
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Vo4 et V74 VERHBBEOFETIIHRESSETHESA
%o
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Rlerr] is the sanme as in the fornula (I1-a), preferably a hydr ogen
atomor an al kyl group of 1 to 3 carbon atons, nore preferably an

al kyl group of 1 to 3 carbon atons.

RO is the sane as in the

formula (l11-a), preferably a 20 hydrogen atomor an al kyl group of 1t
car bon at onsWOP#3X735 28CTIIP98/00216
the above formula, f, g, Rerr], Rerr], and Rerr] to Rerr] have

same neanings as in the fornmula (1V-a).
pol yene (iii) is a non-

t he above-

descri bed general formula (IV-a) or (V-a), the conpositi
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When t he non-conj ugat ed
5 conjugated trisne or tetraene represented by

on



has hi gher vul cani zation rate, and a tire side wall and tire tread
obt ai ned fromthe conposition has excell ent strength property. 10
Speci fic exanpl es of the non-conjugated triene or tetraene represented
by the above-descri bed general formula. - (I'V-a) or (V-a) include
non-conj ugat¥A%%¥37¢hes represent ed by the foll owi ng gecavsmbs/dogrsnul a
(la) or (2a) or non- conjugated trienes represented by the foll ow ng
general 15 formula (3a) or (4-a). O these conpounds, non-conjugated
trienes or tetraenes, wherein Rl, R2, Roygnd R6 all are a hydr ogen
atom are preferred. Wien Rerr], Rerr], Rerr] and Rerr] all are a
hydrogen at omzivther e ¢ © SOLREBDYrFaRIP ol & € tng X 1~ conpounds (A) and

(A") excellent in polynerization 20 reactivity and further excellent in

(rienes. o ot B T B T e s R et e
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.

;ﬁprefentfd by the follow ng general fornula (5a) or (6a). [err] 25
. err

WO 98/31745 _ PCTAIP98/00216
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10 In the general forrmula (la) or (2a), f is an integer

of fromOto 5 gis an integer froml to 6, Rerr], Rerr], Rerr], Rerr]
and Rlerr] are each a hydrogen atom or an al kyl group having 1 15 to 5
carbon atonms, R err] is an alkyl group having 1 to 5

25 - carbppogi@ys, n is an integer of from1l to 5, R[erricrordshRsy r]
are each a hydrogen atomor an al kyl group having 1 to 5 car bon at ons,
Rlerr] is an alkyl group having 1 to 5 carbon atons. In the general

formula (3a) or (4a), f is an 5 integepgof fromO to 5, g is an integer
of from1lto 6, Rerr], '
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2, R5, R6 and R7 are each a hydrogen atom or an al kyl group having 1
to 5 carbon atons, Rlerr] is an alkyl group having 1 to 5 carbon
atoms, and R9 is an al kyl group having 1 to 5 carbon atonms. In the
general formula (5a) or (6a), f, g, 1 0 R7 and R8 are as defined in the
general for wale&/3(34) or (4a). Preferable definitions pCr/Posmeds R8 are
the sane as in the general fornmula (IV-a) or (V-a). Rerr] is a

hydr ogen atomor an al kyl group having 1 to 5 carbon atons,
preferably having 1 to 3 carbon atons. 505 Speci fic exanpl es of the
non-conj ugated triene or tetraene represented by the above-descri bed

O " % 5 R Tt e e,

preferred. 20@arFUlp 7L asvBLLTH, A bFvE, 2 FVE, n-
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ERX (v 72aRXyyIx=l) IJNI=ZDLE) 70 FEJ N
14 K74 F,

EX (vr7aRkvivz=)i) IV LI I0Y K,

EX (I-AFN-3-TF N 7aXRy5x=_)) JIa=g i
EX (MY TATOXFYRVEFR)



-

[err] 4- et hyl i dene- 1, 6- oct adi ene (2) [err] 25
26 7- et hyl - 4- et hyl i dene- 1, 6- oct adi ene (3) [err]

WO 98/31745 ' ) PCT/IP98/00216
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EX (1,3-YAFAYIORVYIVIZN) YNa=9aD0
J K.
IFLIYV-ER(AVFN) DAFAI N L,
IFUVUV-ERXR (A VTF=N) Jhaz=wLdsol) K,
AVT oYV TF oy (Yr2aRXRyF I N-ThFLZN) DN
a=o LYo R,

VD222 Ly-EXR (A VyF=N) Jhaz=noroal

K.

AFNT 22V VY LV UY-EXR (A YF2N) a9 LDy
=20 B

rac-=F L V-ERX (2-AFN-1-4A 2 F=N) INVa=uIy
o K.

rac-U A FNVIVY-ER (2-AFN-l-4A Y F=) INa=
LYV 7ay F,
rac-VAFN VYV U-ERUT-TAFN-I-4A UvF=2n) IV
= A NS/ = U B N
rac-AFNANIYIYI LV UV-ERQ@LT-PY AFN-1-4 VF=)N)
Dhvaz=v Lo ray F,
rac-2AFNY YL Uy-ER(2,4,6-bY) AFN-1-4 2 F=N)
S UNazZvAYI oY R,
rac-IAF NIV Y-ER (-7 == -1-4 v F=N) YNz
LY7oy F,
rac-VAFNYY VL UV-ER (2-AFN-A4-T =z=0-l1-4 VT =
V) Ina—wnLrrzoy R,



7-met hyl - 4- et hyl i dene- 1, 6- nonadi ene 5 (4) [err]
7-;et hyl - 4- et hyl i dene- 1, 6- nonadi ene (5) [err] 10
6, 7- di met hyl - 4- et hyl i dene-.1, 6- oct adi ene (6) [err]
6, 7- dlnethyl 4- et hyl i dene- 1, 6- nonadi ene
WO 98/31745 PCT/JP98/00216
52

rac-VAFILTYLU-ER (2-4 %Jb—4-(a—+79’-1b)-1—4 v

FoN) Ihazmvindsuy R,

rac-IAF NI YV UV-ER (2-AFN-4-(B-FT T FN)-1-4

FN) Vhaz=uavraly K,

rac-VAFN YL U-ER (2-AFN-4-(1-7T v P Y N)-1-4
VFIN) Yha=v LYoy R,

Fle, LREOIILBIAAEMITBEVWTIONIZILERE, F5=
VLER. N7 I LERBIKBERI LA SO LA ERRT
5ELTE 3%,

TV 853470250t EUTTER (Al TREO
5250t /{LeBrETFONS,

(cr®RrR®) _

RS R> l
RZ2 gt (cr8Rr9)

[A]
(X [A] .M BEAHZOEIKROEETHD. B&EEYIZIL.
FIZIE, FHIZTL, INAZT L, NTZTLEEFTSLEIENT
&3,
R' $XTPR? . EVWIKRILTHEL>-TWLTH &L, kFEH



(7) [err]
[err]
[err]

15 4- et hyl i dene- 1, 6- decadi ene

7- et hyl - 4-et hyl i dene- 1, 6- decadi ene (9)

WO 98/31745 . PCT/IP98/60216
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TF. REFFH1I~10, FELLR1I~3DTIUVFNVE, RER
FH1I~10. FELRBI~307NaFvE, KEFETFHE~
10, FFLRE6~8D7Y—NE, RRFEFHE~10. F
LCIBE6E~8D7 Y-t FVE, RERFH2~10., FELL
22~40T7 W= VE, BERFERT~40, HFELRT~1
0TV —NTLNFNVE RERFHRT~40, FELIRT~1
2OTNVFNTY) —NVE, REEFHE~40, HFELIZ8~1
20T Y — NNy VE, B3N UVEFHFEL(RERR
FTHbo

R? BXUR* . EWICRILTHRL>TWHWTHRC, KkFER
F.haF U BEFREL{RRREF. BERFELRREERT.
NaF U EIhTOTSIVWRERFHI~10, HFELE1~
ADTNFNE, REEFHE~10. FELWEE6~8DT Y —
V#E, —NR'%,, —SR'°, —0S iR, -SiR'"% Fi
—PR!'" EThHbH, ZOEBR'"INnoHFVEF, FEUIRER
BEF., 3. KEEFH I ~1 0. HELCR1~3D0T7NFN
B, s BREFFHOE6~10. FELR6~8DTY —-IET
H 5o

R® FXUR* BFLZKFREFTHI I ERFF L,

R® $XUR®* REVWKRAULTORA-THTH &L, FHLL
BEUTHDH, R®* $IUR® BAFERFTHLEWLWSIE&HEDL L
TR} BLUR oW TRHRBL-E%RZHFT S, R* BLXUR®
. ﬁib(linnb“‘/{ténfhfécﬂ\ﬁ%ﬁlﬁ%ﬁ1~40)7
VFENE, BEEGIcR, AIZE. AFVE, 2 FIE, TobVE,

27



5 7-nethyl -6-propyl -4-ethylidene-1, 6-octadi ene (10) [err]

4-.et hyl i dene-1, 7- nonadi ene (11) [err] 10
8- et hyl - 4- et hyl i dene- 1, 7- nonadi ene ( EMN) (12) [err]
4-ethylidene-1, 7-undecadi ene _
- WO 98/31745 PCT/JP98/00216
54

L4y Tk, TFANE, A VTFNEEER M) TN A0 2T
NEERBF O, A FNERTFE LW,

R™ . T#&:
. $ll I?'Il RIl] l?ll
-M?2 -, —-M?-M?- | -—-M?%-(CR'})-
i Ll i
Rlll ?l! RI]]
~0~-M? -0~ . -C= . =-0-M!- |,
R|)2 Il212 é!?

=BR''. =AIlR'", -Ge-., -Sn—, ~0-, -S~-., =
SO. =S0.. =NR!'"', =CO, =PR'""%7i=P (0) R"
°HD, cOBR'. RUBLCRVBEVERA LT SR > Tl
T &, kKFERF. noF VRF, REFEFHESL1~10, %
LARI~4D7TVFLVE, SHICHFFLIRAFVE, RKEEF
Hl~10070F 07 V3V EFE UCRCF . &, REREFE
6~10, FELWR6~8DT V- NE . REEFHE6~100
JNFaT Yy —E, FELRBRVYYINNFT v VE, BE
BEFH1I~10, FEL{R1~4D07NVaF &, HIHFFTLL
A MFE, REEFH2~1 0. HELE2~407 N 5=
CNVE REETFHT~40. BELCRBRT~1007Y—-NTIHF
NWE REFRFHS~40. FELWE8~12D0T7Y—-NT LY
SE, FERERERERFRT~40. HELIET~1 207 L%
V7YV —AETHD, £/ IR"ER'?] $/E R'ER') &
B. ThZh Zhoh@EETARFLE—BIIL-TERZERLTS



hadl

15 (13) [err] 8- met hyl - 4-et hyl i dene- 1, 7- undecadi ene

28 (14) [err] 7, 8-di met hyl - 4- et hyl i dene- 1, 7- nonadi ene (15)
WO 98/31745 ' PCT/IP93/00216
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X\ o

M?2 BT AR TV T LERLRE, FE LR YMFE
BN LTH B,

R" @, =CR"R'*, =SiR'"R' =GeR'"R'' -0
-v =S—-, =80, =PR"Vg#id=P (0) RI'THH I &M
HE L,

R*BFIURBEVWKAULTH>THERZ>TWHWTH L. R"!
KOWTREBLELLBEULERZRT %,

MBEIFNnBEVWKEAUTH->THERET->TWVTHELC, 0, 1
Froll2, FELCROEFARARITHD, m+nild 0. 1 £hi32,
FELCIBOERLRITH S,

TREFEHEERLITHIFEI LV Ao E2TE (1) ~ (iid)

ISR T o

[E&ExX (1) . (D I’L(F(ii'i) .M BZrEcRHITH
D, R' BXUR? BAFNEFXHLRERREFTHD. R® LU
ROWAFNE, ZFNEEZLRBPMIINTOAFAIETHDH, RO,
R* \ R"BIXUR"NPEZDODEKREET 5, ]



[err] 5 7, 8-di met hyl - 4- et hyl i dene- 1, 7- decadi ene (16) [err]

7:8-di met hyl - 4- et hyl i dene- 1, 7- undecadi ene, 10 (17) [err]

8- et hyl - 7- et hyl - 4- et hyl i dene- 1, 7- undecadi ene (18) [err]

C2H5
= WO 98/31745 ' PCT/IP98/00216

56 |

COk3RR (1) . (i) RE (iii) CRENGELNON
TbHb. TEOEHMHRFITHE L,

rac-VAFNAF UV V-ER (A VFZN) INa=g LI
U2 N

rac-VAFNAFUVUV-ER (2-2FN-1-4 Vv F=N) o=
LYy R,

rac-V 7 2 SV AFUY-ER (2-2AFN-1-4 Y F =) Yz
hally BN/ = 1) B N

rac-ZF U V-ER (2-AFN-1-4VF=2N) NG LYY
1= 202 G

rac-ZAFNLIYY L UV-ER (2-AFN-1-4 v F=N) VNhaz=
vLV7u3A K,

rac-AF N VY VL U-ER (2-X2FN-1-4 vF =) UNa=
DAL AFI,

rac-ZF L V-ERX (22 FN-1-4A VFZN) YNNI LI A
F N,

rac-7 == (AFN) YULY-ER (-2 FN-1-4 ¥ F =)
Y Inaz=wLyvrsusA R, |

rac-V7 = N-YYVU-ER (2-AFN-1-4VFT=N) N
2= LTV 7uS4F,

rac- A FINVLFVIV/-ERX (2-AFN-1-4F=)) Jhaz=wy
LI7o34F,

rac-IAF NV L Y-ER (2-ZF N-1-4 VF=)V) Yiaz
VLY B5A4F, COXKIB AU OBERFEITOWVWTR,
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15 7,8-di methyl -4-ethylidene-1, 7-decadi ene (19) [err]

9% et hyl - 4- et hyl i dene- 1, 8- decadi ene 29 (20)
[err] 8, 9-di nethyl -4-ethylidene-1, 8-decadi ene
WO 98/31745 ' PCT/IP98/00216
57

REREDAMOFECTHET S ENTES (Bl : HHT 4 — 2
68307TSAREE ,

EBETIR, TV w5470 vt skghE LT, TRED
(Bl TRENZBBLELAN (A5 0LV AW) M5
LLTE B,

[B]

L [B]l . M' RAMERELAIBOBBEBRFEZRL., B&®
S, F52IL, IJVAZTL, NTZTLTH 5B,

R' $XUR? B, £h €Mz, KEEREF. no¥F VEF,
REBRFHEN1~2 0 DRKEE, REFEFHNMF 1 ~20D10O
FULRICLKEZE, Y1 REFE, RESHFE, (TVEFE. &
FEFEZ LRV yEFEZRL, B&siTid,

Twvik. BF. BRR. 3avRLBEDNa X VEF;

AFN, ZF N, T7OEL, TFUAFIN, YI7uNFUN,
FTI7FNG I, FFIN, TAIVN, JVRNZ N, TF<
VFNBEOTAFNE, BN, ToRZIN, YI2uAFEo
WEDTI = VE,. XNVIN, Jz202FHN, 2220 TFal
WEEDTY-ANTINFLVE, T2z, MYUN, UXF VT 2=



(21) [err] 5 10- et hyl - 4- et hyl i dene- 1, 9- undecadi ene, (22) [err]
GH3 9, 10-di net hyl - 4- et hyl i dene- 1, 9- undecadi ene 10 (23) [err]
11- et hyl - 4- et hyl i dene- 1, 10- dodecadi ene (24)

WO 98/31745 . PCT/IP98/00216
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Ve PUAFN T2, ZF VT2, JOEBA T 2=, ¥
TJxZl, FIOFN AFNFTFAUTIIN, T2+ Y
NWIEEDT ) - NEREORRRFEN 1 ~2 0 OmibkELR;

MERKRFECNO Y VREFRBR U o R ARE;

AFNYY N, T2z VY YNREDE)RILKRERY U N,
IAFANIY N, V9722 VAR EDDRIKEERY Y IV,
PUXFNYN, PVZFAIYN, PYUTFOELYI A, Y
ranNFILIYN, PV TNV YN, VAFND 22N Y
WV AFNIT =220y, PY MY YN, PUFTFN
VYNREDPMYREKFBERY YA, PYAFAVYY VT -F0
BEDRIKFEBBYVIIND VYN —F N, PYAFNIY N A
FANREDTYAFKBRTIVFNVE, PIVAFAIYYINT 2o &
DY AFREBEBRTV-NVE, REODYI1REHE;

EFatxFIE AMFY, ZbFY, TuoRFy, T3 Ui
EDTNaAaFVE, Jx)F Y, AFNT ) FY, IXF N T
JFY, FTIMNEFVREDT IO -FVE, TN X MFY, T
L NVZMFUYRBREDTIY—ANTNIAFVEREOBRESHE ;

NEBRETEEZORENRATVCER L-BRER D45 S
"TE;

TIJEAFNTI) PAFNTI ), DFNT I, D

¢

TOoUENT ), OFTFNTI), DVI20NFINTIIOHED
TIWVFEINT

Yxzi

JE 722 VT ) 9722 N0T )0 VRYN
-

Yzli

I OFI2FNTI), XFNT2ZNTI)HREDT) -0
7

Yazi

JEFLBTAVFNTY AT IIERECOEEZSHE .



[err] 15 10, 11-di net hyl -4-et hyli dene-1, 10- dodecadi ene

Specific exanples of the non-conjugated triene or tetraene represented
by the above-descri bed general formula (V-a) include conpounds in which
a vinyl group of the 20 conmpounds exenplified as the non-conjugated
triene or WO98/31745 30 POTLIPOBHIOEL6
represented by the above-descri bed general fornula (I'vV-a) is
substituted by a 5-norbornene-2-yl group.

59

IAFNT 4+ RTAI V722N T+RT 4 ) BEDT + R 7
A )EREDO) VEHETH B,

INS6DHIBR! RRMLKKRETHAIENHFELL., FiiAF
Ny TFN, TOECNORRREFHEP 1 ~3DRIEKFETHSB
ERFE LW, FR® BKFK. RIEKZFENRGFE U, FiITkE
HBA3NE, AFN, TFN, TOELDORFEEFEN 1 ~ 3 OHA
KEETHB S EREFE LI,
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O VERF, RERFER 1 ~200%AEKEE, REFEFHNI
~200 o EiR{LkFEEEZRL., TOS5bKE. RILKEE
Erel3 oS VL RIEKFRETHAEHRFZ LWL, R? &ER* |
R* ER®* ( R®? &R D564 b 1R, 2hoNEEL
TWARKRFEFE—HBIZNH-T, BEROFEERZERLTWLT S
v,

FLFEBRBERBTAEUNOER, RILKFEEZZ T ¥
JERUEKRREN 2BULHZBAKCHE, CHOHFEVEEELT
BRI ->TVTh W, WBR® RNFEFTHRELUNOBRETH S
Ba. KERFTHHEIENIFELWLW. NoFUVEF, RERT
BRI ~200RMEKFE, REEFEAI ~2 0005 vk

'm*%EkLT‘E¢%KH\W%R‘$;0R2&ﬁﬁ®%ﬁ%
RTE 3B,

R?® &ER*, R* &R° [ R? kR DHIBHH L1 HMNE
WEEALTERTS2EROFERRZTEL. M ([TBudT 58
FLELTHEUTERTEOT bORBE T S5h 3,
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In the present invention, the non-conjugated pol yene (rii) is

pr ef erably a conpound represented by the above- 5 described general
formula (l11-a), nore preferably a conmpound represented by the
above-descri bed general fornula (I'v-a) or (V-a), and particularly
pref-erably aveaspaind represented by the above-descr iRgIiPsNRI6al
formula (l1V-a). When t he non-conjugated polyene (iii) is a non-
10 conjugated triene or tetraene represented by the above- descri bed
general formula (lI1-a), the conposition &8s hi gher vul cani zati on

and tire tread obtained fromthe

Npngth - property. 15 It is

jat ed. pol yene (iii) i S a non-conj ugat ed
abatre-dE3cri bed general fornula

knbp

rate, and a tire side wall
conposi tion has excellent‘
preferable that the non-cg
triene or tetraene represent
(I'V-a) fromthe viewpoints
and | ow

h, thermal stability

IhoD53bEREA (1) TREIhB3bOBFF LW,

WEFBEERRZIN N VEF. REFEFHEAS 1 ~2 0 0F{KXE
#RFEFENI~200 oF LR AkEETERINATY
Th Lo

MEFFTERBIIBERT AN Y VEF, REFEFEN1~200
HIALKFRE, REFRFERN 1 ~2 00 oXF V{EREKkFREELT
3. WIER' ¥ XUR? LtRABOEMNFIFRTE S,

X' BXUX® k. zhZhaic. kKEEF. ~o¥F VEF.
RERFHEN1~2 0DKRMEKERE, RKERFEN1I~2 00T
Ukl kFEE, BREGEEZE LR3IV EFEERL. BEHhG
.

BiER' $LUR? LRAFEONO T VEF, RERFENS 1 ~2
0 DR{LKFEE., KERFEN L ~2 00 0¥ v {ER{LKEE.
BRESFELNPRTE S,

AFTVEFELELTR, WidR'\ R* LRHEOE, FIXULAF

NWZANFER—=P M, MYUITINFORIY o ANT+R—b, TR



tenperature property, and when it is a non-conjugated 20 triene or
tetraene represented by the above-descri bed general fornula (IV-a), a
tire side wall and tire tread obtained fromthe conposition are
particularly excellent in cold resistance, |ow tenperature property
and 'vul cani Q9834745 strength of vul cani zed products. 28T/IP98/00216 The
above- descri bed non-conjugated triene or tetraene may be a m xture of
a trans body and cis body or may be a single trans body or a single
cis body. The structural 61 31

formula in this specification does not |imt the steric structure.

W7+ —b . RUVINWNZANT 2 Rx—=b, p-MNVZVRNT 5 %~
Fe PURAFIRVEVRNT xRx— b, MVAIVITFAREY
ANT+R—b p- ORIV EVANT = b, RUTINF
ORVEVANT + XR—bREDANT +R—bE, AFNVZANT
A X =M, T2V ANT A R—F . RUYIPNVANT 42— b, p-
FNVEVANT 4 Z—=b, PYURXFURVEVZANT 42—+, R
VI ITINFORVYEVRNT 4 R—bMREDINT 4 2— FENH
RTE 5,

Yid. REBEFEX1I~2002fioRLEAFEE. RERFHN
1~2 002 obf V{ERILKRE, 2HOr1FSFE, 2
HOFN== LaHE, 2WHOXRXEHEE, —0-, —CO—.
-S-,.—-S0-, -S8S0; = ~NR'"-, =P (R") -, =P
(O)XR") =, " BR"—&F#E-A1R"— [ L. R"'I/Kk%HE
BF. "o¥UVRF. RERTFEMN 1 ~2 0 ORMEKRE, REF
FEA1I~200 o yEREKFEE] 2R 0. BEMICI,

AFVY, IAFNMAF LY, L,2-ZF bV, YAFIN-1,2- =
FLy, LMY AFVY, LA-FISAF VUV, 1,2-V 7 0nF
VUL LAV I anNF YL UREDTIAFVIVE, YT A
FLY. V722 Nh-1,2- TFVIVBEDTY=ATAFL VER
EORERTFENI~200 2MMORILKFEE ;

JOOAFUYBEOLEREEFHAN 1 ~2 002 OBk
FZEE o0F vl o X UERIEKEE .

AFNYYI VY, IXAFAYYI VY, 22F NV LY, Y (n-
Jo b)) YYLy. Y (i-FobN) YYLy, U (yranF
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These non-conj ugated polyenes (iii) may be used al one or in

gonbi nation of two or nore kinds. For exanple, a 5 non-conjugated triene
or tetraene represented by the above- descri bed general fornula
(I'r-a) or (Ill-a) may be used in conmbi nation of two or nore kinds, a
non-conj ugawexbsiserdsaene represented by the above- desecmnemmgumerm
formula (la) and a non-conjugated triene represented by the
above-described 10 general fornula (3a) or (5a) may be used in

conbi nat i on, and a non-conj ugat ed §%traene represented by the above-
descri bed general fornmula (la) and a non-conjugated triene

represented by Me 9@»19-&'689( Foadgenerpls ipny a (4g) nay), > y | be used
i n conbi nati on. Structure of a non- conj ugat ed triene or tet raene

spect rum pr S&ﬁfNﬁR”;Eéc?fﬁfn%gtﬁﬁww T *‘”“””gﬂ‘én"cﬁ??gg{’ e "
triene or tetyagne fepnpgeyedPu gy y —n oy o, 7y -Lvy LY
BFIFSAFAN-L2-9VY VY, FFIT2=00-1,2- VY
VURBEDTAFAIVY LY TVFEFATY—-ADY LY, T
D= OV V LV ERED2HBOTr1RERTE;

ER2BOY A REFEDODr A REZT VU LICBRLZ2E
DYV LEHE
IR2ZEOr A RAHEO S A RER BB 2O XX
FEEEBRERETHD,

R” iX. Bi®@R' . R? LtRABON N Y VEF. REEFHM1
~200DKIKkFEE, REEFER1I~2 00 o5 /{EkR{LKFE
ETh3?,

SO 2Oy A EEGHE. 2WOTF NV LEHFHE. 21
DAXEGEHETHHILENFELL, SO 2WOTrM1KEHRET
HBEIENRFELL, SOSERHETAFAYILVLY, TALFLT
Y=Y Ly, TYU—MYILUTHBEIEREFE LY,

UTIKERR [B] CESh2BBEBLADORKNEIHER
To
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above-descri bed gener al
exanpl e, by conventionally known nethods as
Speci fically,

and W96/ 20150.
conpound

first reactwedossizs net al
this Gignard reagent is
hal ogenat ed conpound of a non-conj ugat ed

or vinyl-MX), then,

hydr ocarbon (for exanple,

formula (l11-a) or (lIll-a) can be

20 prepared,
di scl osed in EP0691354A1

_ a vinyl -cont ai ni ng hal ogenat ed
(for exanple, halogenated allyl or hal ogenated vinyl) is

My to prepare a Gignard reagent PCxEPs/goale yl - MgX
reacted with a

_ doubl e bond- cont ai ni ng
hal ogenatgd geranyl) to produce a

for

non-conj ugated triene or 9 32
tetraene represented by the apove- descmlbeazgenerﬁd fr muJ, g (Ir-a) or
(I'1r-a) through a free r%ghca rg@pticnﬁ\mf R
RZ
r11 Rt
RE ¥
rl r2 RS R6 RE8 R% RO Ril Y xl x2 M
H H H H H H H H SiMe; €1 cCcl1 zr
CH3 H H H H H H H SiMe, cl cl Zr
CH3 H H H H H H H SiMePh Cl1 C1 Zr
CH, H H H H H H H SiPh; Cl1 Cl Zxr
CH3 H H H H H H H Si(p-tolyl)2 Cl (1 yAS
CH;3 H H H H H H H Si(pClPh)zCl €1 2r
CH3 H H H H H H H C3Hsg cI cl Zr
CH3 H H H H H H H GeMe; c1 ca Zr
CH3 H H H H H H H SnMe; Cl Cl Zr
CHj3 H H H H H H H SiMe; Br Br Zr
CH3 H H H H H H H SiMe;  Cl 0OSQ2CH3 2Zr
CH3 H H H H H H H SiMe;  Cl SO;CH3 Zr
CH3 H H H H H H H SiMey Cl Cl Ti
CH; H H H H H H H SiMe; Cl Cl HE
CoHs H H H H H H H SiMe; Cl Cl1  2r
nCiH7 H H H H H H H SiMes Cl Cl Zr
Ph H H H H H H H SiMe; €1 Cl Zr
CH; CH3 H H H H H H SiMe;, C1 Zr
CH; CH3 H H H H H H Siph; €1 cl Zr
CHy CH3 CH3 H H H H H SiMejy Cl Ccl zZr
CHy H €1 H H H H H SiMe, Cl €1 Zr
CH3 H CH3y H H H H H SiMe; €L €1 2r
CH3 H CiHs H H H H H SiMe; C1 1 Zr.
CH3 H Ph H H H E H SiMe; €1 Cl Z2r
CH3 H H CH3 H H H H SiMe; Cl1 Cl Zr
CH3. H CHy CH3 H H H H SiMe; Cl1 C1 Zr
CH; H CH"L CH3; H H H CHy'! SiMe, 1 ci YA
CH3 H H H H H H Ph SiMe, Cl Cl Zx
#1:REERILEE, EVWRIZEALTSAREERLTLY 30

Me

C AFN

Et: =5 ).

Ph: 7 ==/b,



A non-conjugated triene or tetraene represented by the above-descri bed
géneral fornula (IV-a) can be prepared, for 5 exanple, by a nethod

di scl osed in Japanese Patent Lai d-Qpen Application (JP-A) No. Hei
6- 154952 applied by the present applicant, nanely, it can be
synt hesi zed WP BBEHFI ng ethyl ene with a conjugated di epergmsReyad
represent ed by the followi ng general formula (IV-a') or (IV-a'').
[err] 10
64
xt x?
\Ml/ 2 3 12
R2 R} R? REONOR
g13 \O R13
1
00 n 200
Rl‘l
R14 6 15
RlS R6 v R R

Rl Rr2 r3 R6 R12 Rl3 pl4 RIS Y x1 x2 ™

H H H H H H H H SiMe; Cl Cl Zr
CH; H H H H H H H S8iMe; Cl C1 2r
CH; H H H H H H H SiPhy; Cl C1 zr
CH3; CH3 H H H H H H SiMe; Cl Cl zZr
CH; H CH3 H H H H H SiMe; Cl Cl 2zr
CH3 H CHi CH3 H H H H SiMe; ClL Cl 2r
CH3 H CH3" CHy"?2 CH"? HE H CHz"2 SiMe; Cl Cl1 Zr
CH3 H CHy CH3 CHy H H CHy SiMes Cl Cl 2r

*2 :RIERIZ HkerROLRIS Lz, Bl alT
SAERETREERLTVL 3,
Me : #FN, Ph:7zz=,

~



15 In the general fornmulae (I1V-a') and (IV-a''), f, g, Rerr],
Rferr] and Rerr] to R err] are as defined in the general fornmulae

(1V-a). Exanpl es of non-conjugated di ene conpounds represented
by the general fornulae (IV-a'') include the follow ng 20 conpounds.
3- net hyl ene-WO883i@#t adi ene, 6- net hyl - 3- net hyl ene- 1, 5- Wapiresisoaive

6- et hyl - 3- et hyl ene- 1, 5- oct adi ene, 6-et hyl - 3-
met hyl ene- 1, 5- oct adi ene, 5, 6-di net hyl - 3- net hyl ene- 1, 5-

33 hept adi ene, 5, 6-di net hyl - 3- net hgkene- 1, 5- oct adi ene, 3-
xl X2
N/
mi R3
R3 2 2
. R \\XD R
R
Rl
SUP s

Rl R2 R3 R4 Y xl x2 M
H H H H SiMe; Cl Cl zr

H CH; H H SiMe; Cl Cl 2r
H CH3 H CH3y SiMe; Cl Cl Zr
H CHy CH; CH3 SiMe; Cl Cl 2r

CHy CHy3 H H SiMey Cl Cl Zr
‘'CH3 CH3 H CHy SiMea Cl Cl Zr
CH; C®3; CH; (CH3 SiMe; Cl ClL 2Zr

Me : X F M,

FRPATR, LED IS WEEABITI VT ION=Y LERB %,
FIZDLER. "NTZULEBIBESRAEBEBRAMEH
WbI &EHTE S,

MEBBEBLEADR. BESLIkELTHL I VELAHM
BERSELTHAVWSOO B3N, RExAZIESEELZF VW3- LT3,

COIIBBBERBILAYOA VF UV EBERBEFIX, L4212
TROREN-PT, BROEFBERFELERAVCTEART Z 2 &
TE 3%,



nmet hyl ene- 1, 5- nonadi ene, 6-net hyl - 3-net hyl ene-1, 5- nonadi ene,
6: met hyl - 5- pr opyl - 3- net hyl ene- 1, 5- hept adi ene, 3-

nmet hyl ene- 1, 6- oct adi ene, 7-nethyl -3-net hyl ene-1, 6- 5 octadi ene,

3- et hyl ene- 1, 6-'decadi ene, 7-nethyl - 3- et hyl ene- 1, 6- decadi ene,

6, 7-di met hyIWQ9%/8x7#5/| ene- 1, 6- decadi ene, 6, 7- PCT/JP98/00216

di net hyl - 3- net hyl ene- 1, 6- nonadi ene, 6, 7-di net hyl - 3-

met hyl ene- 1, 6- decadi ene, 7-nethyl -6-et hyl - 3-net hyl ene- 1, 6- decadi ene,
6, 7- di et hyl - 3- net hyl ene- 1, 6- nonadi ene, 86get hyl - 10

3- net hyl ene- 1, 7- nonadi ene, 7, 8-di net hyl - 3- et hyl ene- 1, 7- nonadi ene,

9- net hyl - 3- net hyl ene- 1, 8- decadi ene, 8, 9-

di et hyl - 3- met hyl ene- 1, 8- decadi ene, 10-net hyl - 3- et hyl ene-

1, 9-undecadi ene and 9R410-di net hyl - 3- net hyl ene- 1, 9- rRAderadi ene. 15
The reaction-of a conjugated diene conpoun@ wi th ethylene is
conduct ed, thougdt

j xari es dependi ng on tlhe R s, conj ugat ed
di ene conpound, at |a tépperat ReCH=CR! —CA — ‘ R?
REAN R?
g7l
" R oo
R? CH=CR' COCCR! =CHR?
EJ 7o

|
BR* CH-CH.: R' —=CA

R? R? R? R?
R* Ré—
—_— R!? . | | R!
RS R:EAN
RS OH R®
R* R?
|
n-7FILY FH L R O@
Rl
RS
Lit
RG
R®* R? R? R?
C-Y-C R* | R
R! R!
R® R*
i
R Y RE®

(fz#ZL. A B. CRNOFVEFTHS)



usually of from50 to 200[err]C, preferably from70 to 150[err]C at
an ethylene pressure of 0.049 to 9.8 Mya (0.5 to 100 20 kgf/cnferr], gage
pressure), preferably 0.98 to 9.8 Ma (1 to 100 kgf/cn2, gage
pressure), nore preferably 0.49 to 6.9 Mpa (5 to 70 kgf/cnferr], gage
pressure), W§98G18S5to 30 hours. Et hyl ene nmay be addescrapmioosaecti on
vessel continuously or intermttently. 25 This reaction may
be conducted in an inert gas at nosphere such as nitrogen and argon.
Though this reacti on can be conduaged w t hout using a solvent, it can

a0 be conducted b4 P PER°R°E S'e D a R AWEC LR <o 7 i
EhSBEMOFER, XA IXHHTF4-2683 07528 IcEH
ShTWBRAHEILIDERTEIIENTE 3,

ARBPIBSVTR, TV V5147050 bt ELTE
e TR [C] TREINI BB EEBREY (1t kéd) %
FWwaZtbTEb,

xl x2
/
r3 RZ Ny R? RS
R4 R4
gl =r!
RS
5
R™ o6 Y RE

[cl

X [ClH. M, R'" ., R?{ R* , R* , R® BLUR*® &
LTk, BiEEX [B] OBALRBERSONRNE TSN 3,

R*. R*,.R°* BIUR* ®55, R* 28T 2HBOEMN, 7
WFENETHAIENHFEULL, R LRY | 1R ER® M
TUVFLNETHLIIENRFELWL, COTHHFNER, 2H T
SHBWTNVNFNETHBIERFE LWL, £/, ZOTHFNEIR,

- N UVEF. TAREFETEREINTWVWTCE XS, "o ¥ UE
F.TXA4AFREFELUTE. R \ R? THRULICERENRE T S
N5,

R* ., R*, R* BLUR® THRENBZZEDSIE, TAFNLEL

HNoEZ. KERFTHE I ENFX LI,



=

type solvent such as hexane, heptane, octane, nonane, decane,
yndecane, dodecane, tridecane, toluene, xylene and the |ike.

In the above-described reaction, an intended non- 5 <conjugated triene or
tetraene is usually obtained in the formof a mxture of a trans body
and -ci s bodwo $smamsser one steric isomer may be obt aiPGIUPYHAZE! ar | .
The m xture can be separated into the trans body and the cis body by
distillation. Further, both bodies can be subjected to 10 polynerization
Wi t hout separati on. ' The react®®n of a conjugated di ene conpound
W th ethylene is usually conducted in the presence of a

catal yst. Especigdd fg -Fhgmt hi-s 7 qpes polt sEdnguctedtin 2 7)) | theFpresence
of a catalyst conposed of atransition netal 15 conpound and an

CeTagne | T YRS 0n 8 e o0 i-FPUGE- TGN, cert
STF N, RUF N, ANFVIN, YI2OANFYN, ANTFL, X
FN, I, EFVIN, TA4avN, JNVKV=N, TV F
WEEOBERBLIUDLPBERTIVFIVERSTILRBRTIVFILE ;

RYDN, Zz=0xFNh, 2= Tobn, PUIIVAFIVE
EOT7YV—NTAENERZENRET OO, 2EHE. SEFEGLES
ATHTDH X, .

F#R?* ., R*. R B3IUR* »SRBREh32BOENIENI
BALTHBBRBUNOERDHAZVWRBBEEBRLTHT S &,

NoHF UvREFELT, BHRBICE., WER' X UR? tARKD
ENBIRTE S,

X', X2, Y5IUR" &LTR, iIgX [B] 0BG ELRK
DLDNRBIT SN B,

PIFw kit [C] TREh3 250k Leé (BBE&EBNLE
W) ORGHEAERT,

rac-VAFNIYY VUV V-ERUT-TAFN-1-4 Vv TF=N)T N2
LU ay F,

rac-VAFN YL Y-ER@LT-MYAFN-I-4 VTFZI)D
Vaz=ovonyrsoy kR,

rac-VAFNYI L V-ER(Q2.4.6-FY) AFN-1-4 2V F=I)D
azZgLyrzay kR,

rac-JAF N YUY L U-ER2.56-DIAFAN-I-4 VTN
Nazonvsay F,



Further, the non-conjugated triene or tetraene represented by the
general formula (1V-a) obtained as descri bed above is reacted with

di cyl opent adi ene through, 20 Diels-Alder reaction to obtain a

non-conj ugated triene or tetraene represented by the general fornula
(V-a). wo 98/3174sExanpl es of ot her non-conj ugat ed pol yen@CIHEPBAIRIS
above-descri bed non-conjugated triene or tetraene include aliphatic

non- conj ugat ed di enes or alicyclic non-conjugated 25 dienes having one
copol yneri zabl e car bon-carbon doubl e bo&gl i n one nol ecul e,
non- conj ugat ed di enes havi ng two copol yneri zabl e car bon-carbon doubl e

bonds in one mpjecyl 9.7 o 4 DY LREA Lhey, sliEsp pog-LgIaptgd deaes can

MPDivazZoLIr7oy F,

rac-VAFNYIYI L V-ER(2, 4,56, T- RV XAFN-1-4 VF
=Y raZwLdsay R,

rac-UAFNYY L Y-ER@2-AFN-4-n-T o EN-T-XF -1
A VFIWVNaZy LY Z7aY K,

rac-J A FNYY L V-ERU-i-T o B-T-2FN-1-4 v F=
Wyvnaz=unvysay k.

rac-PAFN YV VL Y-ER@-AFN-4-i-T o EN-T-AF -1
A VF2N)TNazZg LY 70l R,

rac-PAF NNV Y L UV-ER@-AFN-4-i-TaEN-6-XF -1
A VFZNIINamm LY Ta Y K,

rac-J AF NI YL U-ER@-AFN-4-XF N-6-i-To -1
A YyFIM)INaAZ LYY F,

rac-I AF NV Y L U-ER@2-AFN-4-i-Ta EN-5-XF -1
A4 VFIWYTNa=Zm LAY oY R,

rac-VAF NIV Y-ERQ@-AFN-4,6-V((-ToEN)-1-4
SF=ZL) yhazmavson R,

rac-VAFNLNY YU V-ER@-AFN-4,6-D(U-TabBN)-T-#
Fh-1-4 VFWINI=ZD LY Ia) F,

rac-IAF N YY VL V-ERQ@-AFN-A4-I-TFN-T-2F V-1-
A VFZN) Iaz=vaI oy R,

rac-VAFNI YV r-ER@2-AF NV-4-sec-TFN-T-XF -1

A YTFZAINTIZ=ZI LT 2O F‘Q



35 alone or in conbination of two or nore kinds, or conbi ned with

the above-descri bed non-conjugated triene or tetraene. Exanpl es
of the above-described aliphatic non- conj ugat ed di ene incl ude

1, 4- hexadi ene, 1, 5- hept adi ene, 5 1, 6-ocat adi ene, 1, 7-nonadi ene,

1, 8-decadi eW®,98/B1742 - t et radecadi ene, PCT/JP98/00216

3-net hyl -1, 4- hexadi ene, 4-nethyl -1, 4- hexadi ene, 5-

met hyl - 1, 4- hexadi ene, 4-ethyl -1, 4- hexadi ene, 3, 3-di net hyl -

1, 4- hexadi ene, 10 5- et hyl - 1, 4- v@pt adi ene, 5-et hyl - 1, 4- hept adi ene,
5- met hyl - 1, 5- hept adi ene, 6-nethyl -1, 5- hept adi ene, 5-ethyl -

P T 2 AT AP IEI R B 0T R TY getag e
oct adi ene, 6-peryl 3. Syoptadi eng, 5yaehhylg 1, 5- oct adi ene,

rac-VAF NV Y VL UV-ERQ@-AF N-4-tert-TF N-T- 1 F )
Sl VFo MY ams LT 7a ) K,

rac-V XA FNIJUV-ER@2-AFN-4-Y 72 a~nF I N-T-2F
W-1-4 Y F=N)VAazmwLoral) R,

rac-VAF NNV Y LV Y-ER@-AFN-4-RYIN-T-2F -1~
A VvF=) Ynha=s LIy R,

rac- AFN VYV IV-ER@-AFN-A4-T 2=V FN-T-2F
N-l-4 Y F= )Y Na=mndral K,

rac-VRAF NIV VIV-ER@-AFN-4-T 2DV a2+
W=T-F2FN-1-AVFZN)INI=g LI 7ay F,

Fac-UAF NV YL UV-ER@-AFN-4-2 002 FN-T-AF N
Iy FoIWVazy LY sey KR,

Trac-I AF NV YV V-ER@-AFN-4-F Y AF NV Y NRAF
N-T-2FN-1-4A Vv F=2 WP Na=3 LI F,

rac-AF NIV V/-ER@-AFN-4-F) A FNvaFs X
FN-T-AFN-1-4AVFN)INA=S LI 7oy K,

rac-VzF vy L y-ERQ@-AFN-4-i-ToBEN-T-A F I -1

A VTNV NaZv LY oy R,

rac-V({-7oEN) YV VY-EXRQ2-2F NV-4-i-TOo¥I-T7-
ARFN-1-4 vF2VIINa=rLD2a0y K,

rac-V (-7 FN) VYV U-ER2-AFN-4-i-T o h-T-%
Fh-1-4A VFW)a=rndrzoy ),



6-ethyl -1, 5-octadiene, 6-nethyl-1, 6-octadiene, 7-nethyl-

1’ 6- oct adi ene, 6-ethyl -1, 6-octadi ene, 6-propyl-1,6- oct adi ene,

6- butyl -1, 6-oct adi ene, 7-nethyl -1, 6-oct adi ene,

4- et hyl - 1, 4- nonadi ene, 5-nethyl -1, 4-nonadi ene, 4- 20

ethyl -1, 4- nQYRMUMS 5 et hyl - 1, 4-nonadi ene, 5-nethyl-1,5- pcrpssmadi ene,
6- nethyl 1, 5-nonadi ene, 5- ethyl 1, 5-nonadi ene,

6- et hyl - 1, 5- nonadi ene, 6-net hyl -1, 6- nonadi ene, 7-net hyl -

1, 6- nonadi ene, 6-ethyl -1, 6-nonadi ene, 7%dthyl -1, 6- nonadi ene,
7-methyl -1, 7-nonadiene, 8-nethyl-1, 7- nonadlene

7-ethyl -1, 7- nonadi-€n€, & 7 oA F & Hymsrhyl 1,4
5-ethyl -1, 4- decadi ene, 5- met h; 1, decag_dg\ﬁgghgnp O

g 33225! eﬁeS ’ge‘ﬁé‘ﬁ,ﬂ“e‘i 5%%23(;4{;%6)2(3 V)L a geeadl eng, pbpefhyl -

rac~-XAFN 7 =AYV L y-ER(2-A '7‘1!/—4-i-7°!3 EN-7-%
FNU-1-4AF=WVNazvLyroy K,

rac-V7 x =)L U-ER(@2-AFIN-4-i-T EN-T-2F N
A YFWVNaZ LT ey R,

rac-? 7 2= WYY b Uu-ERXQ@2-AFN-4,6-Y(i-F o N)-1-
ATV Nazyavray K,

rac—:‘)(p- FYN) YUY L Y-ER(@-AFN-4-i-F o E-7-x
F-1- »r/T._Jl/)J)l/:r“’?A 79y F,

rac-V(p-7v0o07 =) VY VY-EX@-AF N-4-i-F oV
W-T-AFN-1-4 Y FNI)PNa=yLoray K,

rac-V AF N UYL Uy-BER(@2-XAFN-4-i-F o EN-T-2F -1
A VFIWIINazZy LT ol R,

Fac-IXFNVY L V-ERQ-2F N-4-i-F EN-T-X2F -1
AT TINAZI A AF N,

rac-VAFNYY L U-ER@-AF N-4-i-F O EN-T-XF -1
A VTIIOIINAZILXAF N IOy K,

rac—:‘)‘.X FLY L /-ER@2-AF N-4-i-F O EN-T-2F -1

CAVTFIIITINTZIL-ER (AT YR AT F) L

rac-JAF NI UL U-ER(2-2F N-4-i-F 1 EI-T-2F -1
A YTIIINIZTL-ER (p-T 2= VAL T 4+ ) .

rac-AFNANY YU V-EX(@2-AF N-3-XF N-4-i-F DO E -6
TAFN-l-L Y FN)I NI LY Iy F,



36 6- et hyl -1, 6-decadi ene, 7-nethyl-1, 6-decadi ene, 7-ethyl-1,6-

decadi ene, 7-nethyl-1, 7-decadiene, 8-nethyl-1, 7-decadiene,
7-ethyl -1, 7-decadi ene, 8-ethyl-1, 7-decadi ene, 8-nethyl-1, 8- decadi ene,
9- met hyl - 1, 8- decadi ene, 8-ethyl -1, 8-decadi ene, 5 6- met hyl - 1,

6- undecadi e 98317 hyl - 1, 8- undecadi ene, and t he | i keectidpodiiveis
conpounds, 7-nethyl-1, 6-octadi ene and the like are preferred. These
may be used alone or in conbi nati on of two or nore, kinds.

Exanpl es of the above-described alicycliTt2znon- 10 conjugated di ene include

- but Y1 | dene- 23 A6 BOrhand 550 U > - B Ror 5 Fodkioh Dot Ao Ertb-6- % F -1

g g: E;: |§eﬁen’(2)’E 28:7_[5)%?:4222’ ?lgd:' _t:hg brzf%lr‘?i.’ﬁﬁ:]‘“ %eggeﬁ:ycggpagggsél one or in

oAt O O 9 X F MYV U Y -ER(2-T 2 = 417 T E G- F I
A VYFIMINTZI LAY 70y K,

AEPUTHR, EROXIABTEESHWITENWTI NS LEE %,
FI_OLER. NV LEBIIBERMI -BRSEREYWAEH
W3Z &b TE B,

LEBBEEBLEOMB. BESLIKELLTALSONhSEA, RE
FWESBZH WA ELTE B,

CDES5RNBREBILEDOA VFVHEEIBEMFIE. - 21T
HRERMBRORIEN—PT, BEOFBARFELZHVTART 3
ZEMTEB,

FNLEEDOK [C] TRINIBEREEBEGY (A5oto ke
W) B, oA VFUBEEEISHEAMOFE, &L IISEE4
— 268307 H5LAMIIABMOSFEICIDVERTEILENTES,

ERBPATHEH, 1TV 9D k8 ELTTER
DX [D] TREINZBEBLEBLAY (A FutL {kdt) £HL

ZEbTXx3B,
x 1 /xz
R 2 \Ml R 2
rl! =gl
Y

[D]



15 two or nore kinds Exanpl es of the above-descri bed
non- conj ugat ed di ene havi ng two carbon-carbon doubl e bonds in one

nol ecul e i ncl ude 5-al kenyl - 2- nor bornenes such as 5-vinyl -2-

nor bor nene, 5-allyl-2-norbornene and the like; alicyclic 20 dienes such as
2, 5- nor bor n¥9 BAEE745di cycl opent adi ene, nor bor nadi ene, PCT/AJP98/00216
tetracyclo[4.4.0.12,5. 1[err]] deca- 3, 8-di ene and the |ike;
[err],[err]-dienes such as 1, 7-octadiene, 1,9- decadi ene, and the

li ke. O these conmpounds, 5-al kenyl-2- 73 norbornenes, dicyclopentadiene,
2,5-nor bornadi ene, 1,7- 25 octadiene, 1,9-decadiene and the |Iike are

s e CRIR ] YW, ZRorbonRene oAl b oesly eglepr These

[Bl 30 AiEdx (Cl 0BG LRAKOLDOPBE TSN B,

D56, R'EULTIZ, RIELKFRETHAI LRTFELL, &
WZAFN, ZFN, Teobl, TFLVOREEFENI ~4 05Kk
KEETH B EMFS Ly,

g, X', X2 ELTR, "oFVEF. KEEFEML1 ~2
0 DRILKFETHB I ENFE LI,

R2 . RERFENRG6~1607YV—-NELERL, BBz,

Tz, a-FITFN. B-FITFN. TUMIN, T2+ U E
Yy, ¥v=h, TEFIFN, TJ2F b= (RYFTTF) |
TET MY VLZAMRETHSE, Ch6D5356T2=)b, F7FN
THAZENRFELWL, ThoD7 Y —NER, BIER' LtRAKED
NoOF VRF, REREFER LI ~2 008 kEE, REERFHEHN
1~200 ab VLRI KBFETEREZNTHT S L1,

UFit@R (D] TRINZBHEBLAY (150w
W) DEKBHERT,

rac-VRAFNANUNL V-ER (4-Tx=N-1-4AVF=N) N2
=y RVNR/A = B B NN

rac-IAFN VYV U-ER (2-AFN-4-T 2= -1-4 VT =
V) Viva=snvr2oy ¥,

rac-VAFNVY VL Y-ER (2-AFN-4- (a-FT7FN) -1-4
vFEZN) IhaZvLavsal) N,

rac-VXAF NV VLV UV-ER (2-2AFN-4-(B-F2F V) -1-4

vFEZIN) Yammadrsoaly R,



haal

37 In the present invention, it is preferable that the
fnon- conj ugat ed pol yene is a non-conjugated triene or tetraene from

t he vi ewpoints of processability (vul cani zation rate) and strength
after vul cani zation, that 5 the non-conjugated polyene is a

non:- conj ugaWoe®@sBI7ENEe oOr t et raene represented by t herCRI9SOGECr | bed
general fornula (I'r-a) or (lIll-a) fromthe above-described two

Vi ewpoi nt s, and further that the non-conjugated polyene is a non-
conjugated triene or tetraene represent® by the above- 10 described
general formula (IV-a) or (V-a). Further, it is preferable that the

non- conj ugat edrppl yenesi 5, 5 O~/ - & 2 Copk ROR B 1(1ene w01, by pepey

represented by t ve- cribed general formula (V-a) fromthe
vi ewpoi nts ofy, geld y, ) v ) estsHance. s kpw fenperature property and mechani cal

rac-VAFNLYY VL U-ER (2-AF N-4-2-7 ¥ F Y N)-1-4
VFZVYINaZS LY IaY K,

rac-VAF NV U-ER (2-AFN-4-0-7 » P Y N)-1-4
vFooWyDNhazmv LYoy R,

rac- A F A VYV U-ER (2-AFN-4-9-T =+ MY W)-
-4 vF=yJamobLdr7ay F,

rac-AFNANY YL Y-ER (2-AFN-4-(p-7 N F DT 22N
Y-1-4 Yy FoWVNaB LY oY K,

rac-V AF NIV VLV V-ER (2-AFN-A4-(RVYFT7NAa T =
=) -l-A yFo)Pva= Loy K,

rac-J XFNIVYV VUV U-ER (2-X2FNV-4-(p-7 0o 7 x= )
-4 v F=APhaz=v LY ray K,

SORAFN VYV U-ER (2-AF-4-(m-7 007 £ = b)-
-4 Y Fo2)Vaz=yavyrzay K,
SURFNYY VL Y-ER (2-AFN-4-(o-7 007 x=Jb)-

I VF=V)Va=vnysay K,

rac-VAFNYY VUV Y-ER (2-AF NV-4-(0,p-V 7 0uum 7=
V) Zal-1-4yF2)VNa=vnrsoy K,

rac-AF NV VLV V-ER (2-XFN-4-(p-T O F T x Z))-
14V F=W)yha=vs Loy K,

rac~9ﬁ9’-)b7'} VV-ER (2-2F N-4-(p-F U I)-1-4 U F

I Na=mLdrzay R,



15 strength. (iv) [err]-olefin having 3 or nore carbon atons
Specific exanples of the a-olefin having 3 or nore carbon atons (ivV)
i nclude a-ol efins having 3 to 20 carbon atons such as propyl ene,

1- but ene, 1-pentene, 1-hexene, 3- 20 _nethyl-1-butene, 3-nethyl-1-pentene,
3- et hyl - 1- p&vQ e8/17454 - met hyl - 1- pent ene, 4- et hyl - 1- hexrengpos/o0216

4, 4- di net hyl - 1- hexene, 4, 4-di net hyl - 1- pent ene, 4-ethyl -1-hexene,

3- et hyl - 1- hexene, 1-octene, 1-decene, 1l-dodecene, 1-tetradecene, 1-
hexadecene, 1-octadecene, 1-eicocene andf3he like. 25 For the
unsaturated ol efin copolyner (A), [err]-olefins having 4 or nore

ke g it P R e el

=TI LD 2a) K,

rac-AF NIV IU-ER (2-2FN-4-(o- Y W)-1-4 v F
)TN aZ LY ray R,

rac-VXF IV YUV V-ER (2-2FN-4-(0,0~- VA F N T = =
WI)-1-4 v F =) INhva=ynyr2oy K,

rac-IAFN VYV IV-ER (2-2FN-4-(p-ZF N7 =z = N)-
-4 Vv FW)Yva=wradsay K,

rac-J A FNVY VLV U-ER (2-2F NV-4-(p-i-T o BN T 2=
W)-1-4 v F=V)yYhazsavyray K,

rac-JAF NIV UV U-ER (2-AFN-4-(p-RUINT 2=
J-lI-A Y FI W)V Nhazmm L sy R, _

rac-IXF NIV IU-ER (2-2FN-4-(p-E T 2 = N)-1-4
YFIWYINAZG LI I a Y K,

rac- X F NIV UV-ER (2-2FN-4-(0-E 7 = = )-1-4
YTV NazZm Ly oy K

rac-AFNIVY VL Y-ERX (2-XFN-4-(p-PY AF N YL
Tz W)~l-4A VFoW)VVaz=Loray K,

rac-I X FNYY UV Y-ER (2-2FN-4-(a-F YV 2F NV YN

T2 -l-A VYFIAIVAIZ AT 2 a Y K,

rac-VAF NNV v -ER2-ZFN-4-T 2= N-1-4 v F =
WYoazmynvrsay K,

rac-V7 2z WYYV Y-EXRQ@-ZFN-4-T 2= NV-1-4 Vv F=
WIyInaz=oavrsoy R,



38 For the unsaturated ol efin copolyner (A ), propylene,

1- but ene, 1-hexene, 4-nethyl-1-pentene, 1-octene and 1- decene are
preferred anong t hem These a-ol efins can be used alone or in
conbi nati on of 5 two or nore kinds. The unsaturated ol efin
copol yrmer ( Ayo semizasnsat ur at ed ol efin copolyner (A) PEEFIPISNOLGe
present invention can contain other copol ynerizable nononers in
addition to the above-descri bed nononers in a range not prejudicial
to the 10 object of the present inventt®n. The unsat urat ed
ol efin copolyner (A) and unsaturated ol efin copolyner (A') are a

copol ymer in whigh coRSEAUSHS 1 o - YN ESTOETEYBd LM el vl png Gige=

W na=sryrzal) F,

rac-VAFNVY L Y-EX@n-ToEN-4-T =22 N-1-4 VF
I Na=vLYs2ay K,

rac-JxFAIYNVUV-ERX (2-2FN-4-T == N-1-4 Vv F =
WIDNaz=wundrsoy R,

rac-V-(i-Fo b)) YU UL V-ER (2-AFN-4-T = = -1~
LSYFZA)VNa=y LYoy R,

rac-V- (n-7FN) YV L U-ER (2-AFN-4-7 x=)V-1-4
VFZI) Ya=vavzay K,

rac-Y V7 aNFINIYN VL Y-ER (2-AFN-4-7 =z =) -1-
A v FoM)yVamy LY7ol R,

Fac-AF N T 2= WYY L V-ERXR (2-AFN-4-T7 = = -1-A
VFZIWDNNIZTLY 0l F,

rac-J 7 2= WYY L Y-ER (2-AFN-4-T 2= N-1-4 UV F
=Y a=yLysuy K.

rac-Y (p-bUN) YV L V-ERX (2-X2FN-4-T7 =z = -1-4
YF= YU NaZY LY T Y R,

rac-Y (p-27vo7c=l) YILV-ER (2-AFN-4-7 ==

CN-l-A UFmZ TN LT 7Y F,

FaC- A F L Y-ERXR (-2 FN-4-T 2= N-1-4A T =)V I
ety BV NRVE/28 = B) B N

rac-LF L Vv-ER (2-AFN-4-T 2= N-1-4A VFZ )TN
azZo LY7ol R,



froman aromatic vinyl conmpound (ii) and constituent units 15 derived

from a non-conjugated polyene (iii) are randomy arranged and bonded,
a branch structure derived fromthe non- conj ugat ed polyene (iii) is
cont ai ned, and the nmin chain has substantially liner structure, or a
copol ynmer i WO98/31745whi ch constituent units derived from et RGr/E98/0621§, 20
constituent units derived froman aromatic vinyl conpound (i),
constituent units derived froma non-conj ugat ed pol yene (iii) and
constituent units derived from an [err] ol efin having 3 or nore
carbon atons (iv) are randomy arranged and bonded, a branch
structure deri v,eacj;_fygmgt I)p@x;& pop-cenkugat-ed el yene £|+|,), -ijs gontai ned.

The fact that hi's copol ynmer has a substanti f-ny l'i near structure and
cont ai ns subs{-ajgt)rpl)[,y_r—_, norg,gg_L by gr@sgl gnked pol yner can be confirmed
by the fact that “the copol’ymer is dissolved in an

rac-VAFNLNRX-ER (2-2AFN-4-T 2= -1-4 v F =)
Inaz=vavray R,

rac-VAFNLVY L UY-ER (2-AFN-4-9 2 = N-1-4 Vv F=
WMYJhaz=ynav7s7oi KN,

rac-AFN VYL V-ER (2-AFN-4-T 2= V-1-4 VvV F =
MYTINITZD LD AF I,

rac-XAFNY YV VL V-ERXR (2-AFN-4-T 2= -1-4 VF=
MV LAFNI7ay K,

rac-JAFNY YV IV-ER (2-AFN-4-T 2= N-1-4 v F=
MYPNva=sL20) FSO0:Me.

rac-J AF NN Y Y L U-ER (2-2FN-4-D 22 N-1-4 VT =
WYV az=onr2ay FOSO0.Me# &,

ARATH, LROISUWEEHEEVWTIN IO LERE %,
FIOLER, NTZULEBIIBEIRALEBEBILAYWER
WBI EHTE B,

COX5BA [D] TRINP2BEEBEMLEA®IX. Journal of
Organometallic Chem.288(1985) . F63~6TH. I — o v /N FHFH

C BAABE%0.320.762 SHEE R X FEMAICELT, LEARTE
DEXIICLTHETBEILNRTE B,



39 organi ¢ solvent and contains substantially no insoluble

conponent. It can be confirnmed, for exanple, by the fact that the
copolymer is conpletely dissolved in decalin at 135[err] C when the
intrinsic viscosity [[err]] is measured. 5 In the unsaturated

ol efin copolWRe¥3Y4y used in the rubber conposition fefedwenss Si de
wall, it is desirable that the nmolar ratio [(i)/(iv)] of constituent
units derived fromethylene (i) to constituent units derived from
the a-olefin having 3 or nore carbon atdi&s (iv) is in the 10 range from
100/0 to 40/60, preferably from95/5 to 55/45, nore preferably from
90/ 10 to 60/40, and further preferably from80/20 to 60/40, and the

molar ratio [((i)+(iv))/(ii)]

Z-Y-2Z
2HR?*+27FM0-L i ~—— 2HRZ2 LI
2 7FMAL i
HR2-Y-R2H
MC1.
LiR3-Y-R2L i
R2 Cl R3 )&
/S N\ / X' Li /S N\ S
Y M —_—— Y M
N N\ N/ N\
R? Cl R? Cl
R? X!
X*Li /7 N\ J/
—_—— Y M
N N\
R2 Xz

22U, ZEC1l, Br. 1. o~ FUAEERL,
RZ
Hz Ra' ‘; %7-.!-\'—9"-0

R.l

SOLSTBBERIEAYW (D] 3, BEFTLIKELTHVLS
h3m, REFALISHEZRVWEZLbTE B,



of the sum of constituent units derived fromethylene (i) and
constituent units derived fromthe a-olefin having 3 or 15 nore carbon
atons (iv) to constituent units derived from the aromatic vinyl
conmpound (ii) is in the range from 98/2 to 60/40, preferably from
97/ 3 to 70/ 3§90 %8dT4F0r € preferably from96/4 to 80/ 20PCT/IP98/00216

When the nolar ratio [(i)/(iv)] of constituent units 20 derived from
ethylene (i) to constituent units derived from the a-olefin having 3
or nore carbon atonms (iv) is within 79the range from95/5 to 55/45, a
tire side wall obtained fromthe rubber conposition for tire side

val | of the . & rDEGRAALCIRVON bOR LS areal B Igreraliie &

property. 25 Further, when the ratio of constituent units derive

an aromatic vinxl hc,ggﬁgdr%g%%%é 2SR %h@lr]%t@%gag/oe- descri bed

range, a tire side wa tained Tromthe rubber conposition for tire
side wall of thg prgseng ,invention mewip)

M? B, AESAKE B VY= FRNDEBTH D,

L . #RERZ7BAZ0BRHEKTH D, 2EM® BV 4 b
CHRSABREGSLTED,

Xid. BWERA—TbRE-TWTd . KEEFS L I
oS VEFTHEh, B2 0BUTORERF. Y1 EETF b
USRFNVR=m LEFEEETHRIKRE, YULEL LI
VI NETH B,

COXSBWME—ER (VID TRINZEAWO5 BTH. T
B—X (VII') TREh3BBEBLAWKEE L1,

Z — Y
/
Cp — M?
\ (VII")
X

XP. M? BF IV, IVAZVLELBNTI=ZDLTHD, X
3. EEZERALTH 3,

CriRM®* TnEALTEh, HoBREZEZEFTABHR Y70
CRUSVTZNETH B,

ZRBE. 43T, AU EETLRAPEE 1 AKEOTE (FEX
Ry 4%, YU ngtklixX) THo.

YRER. V. BEEF LB AATVESEBEFTH D,

ZEYETHERZER LTS X\,



40 sonmetinmes be inferior in scratch resistance, bending

resistance, vibration resistance, and on the other hand, when t he
ratio of the constitutent units derived from an aromatic vinyl
conmpound (ii) is over the above-described 5 range, the tire side wall may
soneti mes bwoisaBEmMsor in strength property, |ow tenpRCHIRIB/EO2DE Operty
and the |ike. In the unsaturated ol efin copolyner (A), it is
desirabl e that the content of constituent units derived froma

non- conj ugat ed polyene (iii) is usually86romO0.01 to 10 30% by nol,
preferably fromO0.05 to 25% by nol, nore preferably fromO0.1 to 20% by

mol . CoXSUMBE—ER (VII') TRENBEEAMELTHEH., £

AN

(DAFN (t-TFATIE) (FR3AFN-p5-v2ury
FIOT=N) YSY) FH UV K,

((t-FTFALTIF) (FrIAFN-7°-Y7urRyyvz=
V) -1L,2-Z 8 UV4N) FEUDsuY KEEREF SN S,

EROES M A u b kAN, | MEMTE 1 2 MU LM
ALETHVWA I LNTE 3,

MR- (VID 712 (VII') TEENB 250tV Lay
LT, FOOEEREFRT I VTHBLAMNESE L,

ARETR, AF0E AWELTE., WE—BX (VID
foix (VII') TEINBA I 0w LAMMRBIZEE L,

THEROISUA Yo AN, NFREBEICEEI T
BBl tbTE5,

SOXSHBFREKELTE, SiO, . A1,0, . B,O,,
MgO. ZrO:.CaO. TiO:.Zn0, SnO,. BaoO.
ThOREDEHKEE, RYVxzFLrry, KYFobLy, £Y-1-
TFU. RYA-AFN-1-RUF U, RFLY-IEZARYEY
REAKS COFBEKEA NI ENTEE, NSO FRA
TR, ERMTEAR2EHUEMAADETHVLAIENTE S,

Kiz, 2oty RBEEBRTS (b-2) BHTAL I = 4k
FUMAMBXOAF LA+ v EEABII SV THET 5,

(b-2) BT NLVI=D LA FURABE, KEATOTL I )
FYUTH-Tb<, $AKHF2-7868 7TBSABMICHRS



Further, it is desirable that the iodi ne nunber of the unsat ur at ed

ol efin copolynmer (A) is usually from10 to 50, preferably from15 to
40, nore preferably from20 to 35. 15 Wen the iodine nunber of the
unsat urated ol efin copol yner (A).is within the above-described range,

t he rubber WO9B1#MSnposition for a tire side wall has hi ghPCEHESPAAL i oNn
rate and the resulted tire side wall has excellent thermal

resi stance. 20 It is desirable that the unsaturated olefin
copolyrrer (A) has an intrinsic vi8tosity [[err]] neasured in decalin

pr ef er abl >1/3f5$‘0ﬁ‘]2cé io') g}'gk(rjl'f }%e %ﬁ%g&p‘&];ﬂ%:‘gl’(jy‘ = %mé“lgoé“'tg'{%éggléég,

dl/g. Wien the i c viscosity [[err]] of the 25 wunsaturated olefin
copol yner (A ?3' n°t he above- descri bed range, the copolyner (A

irzsﬁrfgljl ;alnﬁ el&g\f}aﬂl gT}[/ < }D og_ertt;{i wﬁ%tﬂg? (ii&ene’\_aélbb rit(%)ﬁ gr}? t he

%o

Rz-Al & 0-A1 )>— 0-Al1-R:
| m

R

——¢ 0-41 5——
| me2
R

K. REAFALE, 2FLE, JOENE, TFAELEOR
ftkFKEZRL, BELRAFNVE, = FLE, FITFFLLIR
AFNETH S,

miF2ULEOBHTHD, FELIRE~40DEHTH 3,

ST, 7T FY RN (OAL (RY) ) TR2hBT L
FAUAFIVTHNIZVDLBEBUNBELIUTRXR (OAL (R?2) ) T&ZXh
BTANFNAFIYTNIZTLEMN (Z2IT, R BXUR? BR
LEBORILAEEZTHD, R BLUR? RHEBLNBZEERT, )
MNORBRETNFNAFYTHNIZY LERISERIOLTNT
b X,

REABTNI=O LA VLEHWE, PEOT A I=T LUHA
DEBOFBLEAMRLSEZSHLTWLT S L,

A x4 % EEHELTE, VA RBE, 14+ ELE.
K5 vk ABELCHLES VLAMEBTRTEILNTE 3,

WA XBELTH, BR: (X, REBIvERF. AFILE,



side wall is excellent in strength property.

41 In the unsaturated ol efin copolyner (A) of the present
invention, it is preferable that at |east one of the nolar rati o of
constituent units, the intrinsic viscosity [[err]] and t he i odi ne
nunber i s WWOBBRIMEe above-descri bed range, and 5 nore pPEI/EI8M2Y¥6 t wo oOr
nore of themare wthin the above- descri bed ranges, and
particularly, it is preferable that | all the nolar ratio of
constituent units, the intrinsic 82 scosity [[err]] and the iodine
nunber are within the above- descri bed ranges. 10 - In the

unsaturated ql gf bnicpnal yren), @) WP BB LTy Th I Tz o VR
FRRI9vREBEFTHS, ) TREINS{ELAMNRET O, X
KbV INhFToeoRay, M)V D2z Foy, PV R (4-T Nt
Jx=) Koy, MY R B.5-IT7F0T =) Koy, b
JZX (4-INForFV72=2l) Fov, PR (RVyvF¥ITNF
oZ7x=)) Aoy, PYR (p-rUN) For, PYX (o-hVY
V) Fary, PR (B.5-VXFLIT2=l) RaosvBERETS
h3,

A4/ EAESGBMELTH, NI TAUFNVERTYT VE=ILE. N,
N-UTFTNVNFAT YD LB, VDTVFATVEZDLE, MY T
Y= WWARR T+ 2D LEREEZETLIILNTEE, BEMIZ, b
U7V FNEBRT VEZOLBEELTR, 2EXEMIZFAT Y
TEZUATFII (T N) RdUEK, PITobENTVvEZS LT
P (Zx2z=0) d9F% M) (-TFN) TUvEZTLT NS (
T ) RYURBERBFORB, YTAFAT v E= T LIEL
LT, LAY (1-Fobl) TyEZULT IS (Rv D
wfn7;;W)$ﬁﬁ\9?7u«$7»7?%;ﬁL?¥5(
7z ) RUFRBERBET OB, ot Uy EAEEAHELT,
MY 7222 ABWNRZGLTFIPSFR RV INAOT 22 0)
AR =P NN-IRAFANTZNZDLTFISFR (RTINSO
Tz l) Rb—F, Jxo=d b5 b5 (RuyIhtoos
=) KUL— MR EEBFEZ-LETE B,

R /LA MELTIR, TAESI Y (1 4) , EX (VY (a-7
FU)Trve=SLY JFRV—-bF, EX (MY (-TFN) 7



rubber conposition for a tire tread rubber, the nolar ratio

J(i)/(iv)] of constituent units derived fromethylene (i) to
constituent units derived fromthe a-olefin having 3 or nore carbon
atons (iv) is in the range of from100/0 to 15 40/60, preferably-from
100/0 to S55wtmssamse preferably from 100/0 to 70/ 30, remdrysmpiiscul arly
preferably from 100/0 to 90/ 10, and the nolar ratio [((i)+(iv))/(ii)]
of the sum of constituent units derived fromethylene (i) and
constituent units derived fromthgza-ol efin having 3 or nore carbon
20 atons (iv) to constituent units derived fromthe aromatic vi nyl

conpound (ii)gi-sv . §hg o Of M ram-Pof & to (8,51&'59&»8 7y eferaphyyfrom
99/1 to 90/10, and particularly preferably from99/1 to 95/5. en the

ot conet | ¢S ST 7R R ey Lpem Ay e (1)
car bon g@@@ W topcenstityeats unist a: gesj meg fromthe aromatic
| ANES /AEEBELTER, -V FKRS3Y (14) (1,8-
SN2 FEZY (13) EX (MY (-FTFN) TrEZY
LY EZX (DUFANARSAK-T-ANRI Y FRAEV— ) =
wh VBRI (IV) BEDEBINKS V74 v OBR ERET S
N5,
EROXSBAFT VA4 UV EAESGHIE. | BRMITELII2E
PEHAEDLDETHWRI EMNTEZ B,
MRABT VIO AT F VAT AF VAt VLS
Bid. EBRUARFREBFCEFSETANSIILELTE S,
FMEERRTIICBLTAR, FBTAI T LT FUEY
Erel@3A4 T b4 T VHEEHELOIIWESF I U RBEEBRT
AZEBTNI=VL{LEMERBROERT VI =T LLEMERL
Tbd X,
ARETCAVONZIAFEREL VI 4 VREEAHK (A) LU
(A) B, EROEIUBAFAV I 4 VEAABEORETIC (i) x
FLv. (1) FERE AW LT (1i1) FEHERY = v,
CHBEBRIELT (V) a—-F VI 4 vEBERBETHERAI R TES
hd, OB, —RICKIEKEFZENAVWShBEN, a—-F L 74
VEBRERELTHWTbHI W, REAR ANy FHEILIEREOL
THOHKETHITILENTE S, HEGEZ Ay FETERT S
LT, fid@ERLULTOLSAWBRETHV» o %,



vinyl conpound (ii) is wthin the above-described range, t he
unsaturated ol efin copolyner (A ) excellent in

42 mechani cal strength and abrasi on resistance i s obtained, and
consequently, a tire tread rubber excellent in mechani cal strength and
abrasi on re@WHNMS | s obt ai ned. The above-descri bed rpoirapogioazisos and
the foll ow ng nononer 5 contents are obtained by neasuring [err] CGNWR
spectra. It is desirable that the content of the non-conjugated
polyene (iii) of the unsaturated ol efi nggopolyner (A) is fromO0.01 to
30% by nol, preferably fromO0.05 to 25% by mol , and particularly

preferably fromi@i T LoTREMIONR 7OV KRS EEB T IV I =W LA &
SRLETFI UV RBEZRVZBEICIER. BRRF Y U BERS 1T
EGFT|LI Yy PIVEID, FIUVRFITRELT, BEH0. 00 -
1~81L 03IV EN, FELWEHB0.005~0.53IYEIlDOET
Bnohd, FRABTLI =Y LA HIE. BHRF Y U BER
AFOFIVERERFIENIHLT, EBT LI =D Lk TDE
BEFELTHEEHI1O0~500Fl, FELIE20~200%
NWERBIXIBETRAVWONS, BTFRE(EFERATIH41E. &
BT NVI=TLEEANFPOEBREF I TN L0, BEH0.00 1
~10Eh, FELCRO.01~2FN. BIEHELIL0.05~

1ENENRBELIBETHVWSN B,

MR L UCHIBMENF I LA LT T NI = kAL
MOREZNFTIILMEERVWIBAICE. EARMNORAEMEF
PULMKEHORERZ, EA4AHI Vy MUY, BE0.01~
SIVEN, HEUKIE0.05~3INENTHE, ATEMNNFY
VLEEHE., BEARNIFETAWBERANFYI LILAHORE
D1 OFKUT, HFELRI~THE, SS5ITHFELLIE1I~5E0D
RETHBIhZIENBE LW, $LFBT NI =9 A{LEWI.
EEXRONRF VI LEFEIANTETNIZYLEFOELR (A
1/ V) T, 2BE BELSE2~50, 351 BELIES~
20DETHEL XIS,

AERENF I LGB ITERT LIy L katiZ, B
MERCKRBES IO /3 EROZFLY, a-F LT 4
BFLUEH£EBR KNV TCHRERINTCHEL NS, COB., TTHEN

14
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14



10 and the iodine nunber is from1l to 50, preferably from3 to 50, and

particularly preferably from5 to 40. These characteristic values are
criteria when the unsaturated ol efin copolynmer (A) is vulcanized
using sulfur or a peroxide. 15 When t he non-conjugat ed pol yene
(1it) is rewosssrTaed by the above-descri bed general fecTaMmegoNRld -a) in
t hese unsaturated ol efin copolyners (A and (A ), the constituent
units derived fromthe non-conjugated triene or tetraene in t hese

copolyners (A) and (A') have a structur8 represented 20 by the follow ng
general formula (I1-b) [err]

FIOVLEEHMEILEEBECHTRSIWS I ENLEELVAD, BT
NIt AbAMBEARAICEFSREOHLIILS 0 BUTOE
FOREBEICHAEBELTEARANICHEKINh A I LML L,

e LT o RZHBEZRVABACR. EERAD XY
ot VLA ORBEIR. EAFBEI Uy PILED, BFEO0. 0000
5~0.13YEN, FELIR0.0OO001~0.053YVENDET
Aunohs, BBTAI =V AT F ULEHR, Aot e
FOBHRESERF (M) KHTEZTNVI=ZDULEF (A1) O®N
K (A1 /M) T, 1~10000, FELCIE10~5000¢&
RABLIBOEBETHWVWONS,

A At Y REATIE. AT O LABIENT 514 1k
A4 o EEBOENE (A F k14 F KGN/ A5/
M) T. 0.5~20, BFELCR1I~10LUBLHIULBETHL
5N 5,

FRERTNVI=ZILEEEDHPAVONBZBEICR, EA4FHE I
Jw b MO, BEHOI~S5IVEN, FELEHBOI~2IV=E
NEeBBES5UEBTRVWON 3,

FIVRBEOFRETI (1) xFbr, (i) FEKRE= VL
EWMB LT (iil) ERB/RY VY, HBIZIELT (iv) a-F L
CTAVERBEAIESEBATR., REARIKNIE, BEEENS -2 0
~+150°C, FELIR0~120C, ES5IWFELIEO~1
00°CT. EAMOEZBATTI.8MPa (8 0kgf/em*. #¥— VE)
UT. U 045BAT4.9MPa (5 0kgtf/em?:, ¥—JFE)
UTo&#ETIIITbh 3,
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43 wherein p, q, f, g, Rerr] to Rerr] are as defined in the general

formula (Il1-a). When t he non-conjugated polyene (iii) is
represent ed by the above-described general formula (Il1l1-a), the 5
constituent units derived fromthe non-conjugated triene or tetraene
I n these unwetsassised ol efin copol yners (A and (A") hpopImSSaR216ICt Ur e
represented by the foll ow ng general formula (l111-b) [err] 10
wherein p, g, f, g, Rlerr] to Rerr] are as defined in the general

' 86

NRFIDLRMBEOEETIIC (i) =F LY, (ii) FEEREE=
NMEaHE XU (i) ERERIVZ Y, BEZBLT (V) a-
FLUI74VERESIETIBEITR. REARGR.. EREEH -
50~+100C, FELIE-830~+80C. ¥oItiFF LY
k-20~+60CT. EAHNO0%£BZT4. 9MPa (5 0kef/c
me, X—UE) UTF, T LB 0EBAT2.0MPa (2 0kef
/em?:, F—=VE) UTORBETIZITbh 3,

Aoy RMBEOFEETIC (i) xF Ly, (il) FEEREE=
Mg K¢ (i) FHEBHRY Y, BERELT () a-
FULI4VvAERBEAIEIBAICR, RESRER.,. EFEEN-
20~150C, FELLIE0~120C. SSRHFELLIRO~
100 COEBEAT, EANO0ZEA T8 0Okg/em®, HFE L CIZ0 %
BAZTH5 0kg/cm*OHHEHOEETICIARbDN 3,

(i) 2F Ly, (i) FBEHC=AEAMB X (1i1) ##
BARYZY, BEIRBET (V) a-FLI4 v, LBDOXS5 %
BElEmDo (A) AafuEt L o4 VREESE 2 (A7) Rig
MM L7 4 VRREABNBONS IO NBTESARICER D
5, SIOREXEAICBLTR., kERXEOFFERGHZHA VWS Z
ELTE B,

EEOXS LT (i) 2F by, (i) FBEKE=N{LeWE
L (iil) FEHEBFERYV V, BEICRLECT (i) a-FVbIgv
FEHEBLHIEZE, FMAMBAIL 74 VREESE (A) T3 (
A)) BBECHZ2ECESHRELTHOSNS, COBAMIZ, BE
KLORBISNRMAT VT 4 YRREAGKE I (V) 285



formula (l11-a). 15 Further, when the non-conjugated polyene (iii) is

1 epresented by the above-descri bed general formula (1V-a), t he
constituent units derived fromthe non-conjugated triene or tetraene
in these unsaturated ol efin copolyners (A) and (A') have a structure
repr esent edwewssk®sf ol | om ng 20 general fornula (IV-b) [BCTYPI8/I00216
44 wherein f, g, Rerr] , Rerr], Rerr] to Rerr] are as defined in
t he general fornula (IV-a).
87
ns,

(B) JxVvHIT LA

(B) PxVHRITLELTHR, REAXFMOVLUVRILBHAWVS
h, BB, XKRTL (NR) . A4V 7L ydL (IR), %
FLY-TH%9x3d L (SBR) ., 7%V vTL (BR)., 2
Do7LyTA (CR) . 7200=bY—-THIxyh (N
BR) &R Foh s,

RBRITLELTR, V-V 7 v ) (RARTLEFBSERGOEK
mE OERE) TIVBABAEINILRABRTLF—BRITHWVWSh 3,

Fh, AVFLYTLELTI, LEMN0.91~0.94THD,
A== =45 [MLyse (100°C) 1 #30~120TH54Y
FUUTLAR—BIZHVWSN B,

Z2FVLY =T F02 0T LELTIR, KEMN0.91~0.98Tdh
D, L—=—%E [ML+s (100C)]1AM20~120TH53
RFLVLY-—F Iy TLR—RIZAWVWSHh B,

THIVL T LELTIE, HER0.90~0.95ThHhH. L—=
— 4B [(MLive (1007C)1M20~120THBT75Vxy
TN —JICAVWSHh B,

INSOVIYRT AR, | EERTEAB 2EUERODLET
THW3I EMNTE B,
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Further, when the non-conjugated polyene (iii) is 5 represented by the
-above- descri bed general formula (V-a), the constituent units derived
from the non-conj ugat ed triene or tetraene in these unsaturated olefin
copol yners (A) and (A') have a structure represented by the follow ng
genéeral forwolod3i™sb) [err] 10 wherein f, g,Pcy/E9840216 Rlerr],
Rlerr] to Rlerr] are as defined in the general fornmula (IV-a). 15
Further, the non-conjugated triene or tetraene is represented by the
above-descri bed general formula (la), 88 (2a), (3a) or (4a), it is
assuned that the constitutent '

(C) A=K TS592&ULTR, BREIAVYHAL P =0
ERENAN RV TS5y 7 THNEFHICHBIEES, BEMIE.,
SRF. GPF. FEF, HAF. I SAF. SAF. FT. MT
REDH—FKRUT S5 I7RETFONB,

(D) mEEH

meEHl (D) &LTR, 41X 9BXCGAFT G RET SN B,

AT ELTREHICZR. KA+, ALY, 2va VA
A, BEEALBAFTY, FBEAFTITRENET SN B,

AW ELTHEENIZE, B4 FD, ZHBEAIETD, &
SGFEWMAEPRENBT NS, £, MRBETEESA TV ER
MLTmM#TE2A4F A, X EENT YV UVIRNT 4 F,

TIUWFNT 2 ) = NWIANT7 4 R, FISISAFANFOUSLIRNTD

4 R, IRVIAFVIVFUSLFINSRAANT 4 FL DAFADF
FRAUVNI VBV IVRESFERTHIENTE 5,
ThoDUMTIR, BRAAIHFEFLLAWSA B,
EMEA (D) ELTRERERICDEBERAT LI ENTE,
FREBMAEBLE ULTEFHICR, V73RV TFVF, VU-tert-
TFURVETFUER, I-tert-TF ARV LT F-3,8,5-FY 2 F
Vo 2anNFHgr, tert-TFNANI 7 I ARAEF YR, JU-tert-
T INRAMFTFUN, 25-UAFN-2,5-TU-(tert-TFARLF F
Y NFYVU-8, 25U RAFN-2,5-U- (RIS ANNRNVF F )
NFH U, 2,5-TAFN-2,5-V-(tert-TFIURNF F V) NFH
V. a, a—-ER(tert-TFARAFTF-n-4 U TOEL) RV
CU, tert-7F NV E FoRVETF Y REDOTHFAURMFTFUF



units derived fromthese nononers have respective structures
substantially represented by the following 20 general formula (Ib), (2b),
(3b) or (4b). [err] , 45 J[err]

WO 98/31745 ' PCT/IP98/00216
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B tert-T7FMRNTFITET— b, tert-TF VRN F 4
VTFUL— b, tert-TFURNFFIESL— b, tert-TF AN
WEFV=VU A VE, tert-TF VRN FFVREFH ) T — b,
tert-TF AR F IR T =, Dtert-TF VRN A F V7
FV— 1P EORNVTITFVIRAFUE PV I0AFY ) ORI F
YIFEOF P URNMTFYFEBERBETONE, Choix 1 EBE
Mgl 2BULAEDLETHVWAILNTE B,

CNSHBRBREBORHATE. 1 2FEMBEEA130~20
0CTHA2FRBBMABNEFE L, BHEHICEIY I IRV TF
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Fo I-tert-7 IRV TF Y F, tert-TF Ik FaxXibt v
RENRITFE L,

ARPTR, LROXSUBEEMEH (D) OFTH, 10 F
FRATIREAY., FICAXTDEZANWBZEEN-BHEOI 1+
AR+ - VAT LHEEDEBEIIENTEE1DFE LI,

SAXYTAFT - NVEITLHEAKY

FRPVILBI2IAVYTATF O+ - VAT LERNR. EE20 LS
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CBBIZELT(C) A=K TS5y 78kU0 /%7212 (D) MHEH
EFHLTE 3,
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5 The fact that the constituent units derived fromthe
fnion- conj ugat ed polyene (iii) have the above-described 10 structures in

t he unsaturated ol efin copolyners (A) and (A") can be confirned by
measuring [err] C-NWR spectra of the .  copolyner. Pr oduction of
unsat ur at edwWOI98B1745 copol yners (A) and (A") The urcEAPes/eREd Ol ef i n

copolyners (A) and (A') as 15 described above can be obtained by
copol yneri zati on of '

90

0/80~60/400@BEAIZHSIERTE L,

(C) H—KUTI3v 2., (A) FfafiEtL I 4 Y REES
BT (B) VUV RTLOAHEI 00 EELICH LT, &%
30~120EEM. FELIB40~100ERMW. X>F%
LSS5 0~9 0EEBOHETHAVOoh S,
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AV 74 VEEEEGERELT (B) JxVRTLOAFHEL 00
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VAR~ VATLHEBRBNSBONB T LY T4 P+ — i3,
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ethylene (i), an aromatic vinyl conpound (ii) and a non- conj ugat ed
ol yene (iii), and optionally an [err]-ol efin having 3 or nore carbon
atons (iv), in the presence of a catalyst for olefin polynerization.
46 As the catalyst for olefin polynerization, a catalyst
conposed of WOPBBE48onpound of a transition metal such as PCTAIPSAREAE um
zirconium titaniumand the |Iike and (b) an or ganoal ul m num conpound
(organoal ul m num oxy conpound) 5 and/or an ionizing ionic conpound, and
the |i ke can be used. Specifically¥l! (1) a titanium catal yst conposed
of a solid titanium catal yst conponent and an organoal ul m num
ABICHIREEDICHMAT, EXDPOTLESHMELULTHVWORT
WAHERTERAAZ. ARVOHNZHEADODRVWEREATERTSZ &
MT&E Do
COXSUBTLEAMELUTIR., KILH . M r1BF0TLH
MK BERBINY VL, BREBANIY DL, SNVT, 7V —,
UV L EORBH  BBENER Dy /R EEHERE; BRAES
BRAERALEF ; TV VBRBIEH MIBA L X CMEREEH N
bNhd, ChoOESHFE., | BEBTEAR 2EBLULEHESGDLET
AWa I EINTx3,
MARME L TR, BRTLIBEINTWHWAKRLFANLECA VS
., BHEBICR, 7ot XF AN, BEME. X374 0, HRENRS
T4V, AMTRAI77s Vb, DY VR EDORHBHKRAA; o—-0
=), A—NF—NEwFREDI—-NI—-NVREKILH : b2V
W, 7=, FF7xm. PUVELEOIEHHMAREBKMAR . P
T B, AT SOV VREOuYE; YY) -
VEE., XV IF U, ATFTYUVBAYD L, AFTY UBILY
A, T VBERL OB XUEHERIE . AHMEE. 7
YI7F 9w 2 RYTubLY, IRu /A VT U/RBREDERES
FHEZBT B LA TES, UNTHLAMBEALFILNEFZILH
o, BT obRFAMANFEUL(AVORSE, Th oDk
MoOoMARIZ. BE. FEUI VI VERESK (A) VY
FITL (B)Y LOEEHEBRLOOERIIHLT, 15 0EEHLUT.
HELSWERIO00ERBRLUTTH S,

MmRLER L UTEHENICE, -V 7 oNF U N-2-RUTFT



conpound, (2) a vanadi um catal yst conposed of a sol uble vanadi um
conpound and an organoal ul m num conpound, (3) a 10 netall ocene catal yst
conposed of a netall ocene conpound of transition netal selected from
G oup IV of Periodic Table and an organoal ul m num oxy conpound and/ or
an ioni zi ng WO93174%ni ¢ conpound, and the like. O these, ®PaTPSIRISene
catalyst is particularly preferable. The netall ocene 15 catalyst has high
activity, and the resulting unsaturated ol efin copolynmers (A and
(A") have a narrow nol ecul ar wei gh@2 di stribution and a narrow
conposi tion distribution, and further, the catal yst has high
conversi on of the)ll X I Zat amgt isc Wil Bc8pquiNe K i £ ahet. i pop-6eny ugat ed
pol yene 20 (rii). - The above-described titanium catal yst
conponent canyb¥ 7 ) —plepalb el Dy wodt Fcti OdB S Di { aNj Nrtrgnpouhnd, Lrypgresi um

conpound and el ectron donor as described below. As the
RYTFTIT=NANT 2T IFEDORNT 207 I FHRSE
9 ;
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titani um conmpound, a trivalent titaniumconpound or 25 tetraval ent

41 tanium conpound is used, and the tetraval ent titani um conpound is
preferable. The tetraval ent titanium conmpounds i nclude, for exanple,
t hose conpound represented by Ti(OR)[err] X4-]j (R is a hydrocarbon
group, X isWQBE14Fen PCT/IR93/00216

atom and O[err]j[err]4). Anong them preferred are hal ogen-

contai ning titani um conpounds, nore preferred are t et r ahal ogenat ed
titanium and particularly peferred is 93 titaniumtetrachl ori de. 5
A magnesi um conpound used for preparation of the solid titani um

cat al yst congbéknt Shay- be & adriesh dmlcot@omBE R . T F N 7 2N D F
TRNVNIVEBER, TFNV 2N DFF AN VBT, D
AFNIFFHNUNNIVBEFPMIDL, DXAFNIF A AT Y
MLy, DAFNDFFTANANIVBTFINEDODFTBRE R
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havi ng reduci ng property, or may be a magnesi um conpound havi ng no
reduci ng property. As the magnesi um conpound havi ng reduci ng
property, a magnesi um conpound having 10 rmagnesi um carbon bond and

magnesi um hydr ogen bond, and the i ke are nentioned. As the magnesi um
conpound hawe 88/3a45 reduci ng property, a conpound der ircIdrpbs/aseiét he
above- descri bed magnesi um conpound havi ng reduci ng property, a
conpound derived when a catal yst conponent is prepared, and 15 the |ike
can be used. A conplex conpound of thisgyagnesi um conmpound with

ot her netal, conposite conpound or a m xture wi th ot her netal

conpound can Al gosbp msedk THREBYEEH Y 5 LCOmRREFYDe 8 grixtare of

two or nore kinds. As the magnesi um conpound, a nagnesi um conpound

Prg\élnggl E?n red@cgggpoggﬁdgf)g?ﬁﬁwhgrﬁpﬁ%ﬂ%b%%aﬁ?ggﬁ%ul arly, rmmata%nr[bggigum
chloride, al kppag xegnesi un ghl origde @b B0y S EH W #hd 5 - &4
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chloride are preferred. As the electron donor used for preparing
a solid 25 titaniumcatalyst conponent, an organi c carboxyl ate,

pol yval ent carboxylate and the |ike are nentioned. The solid catal yst
conponent can be produced by contacting the titani um conmpound,

magnesi um cwoEsstms (or nmetal nmagnesi um PCT/IP98/00216

48 and el ectron donor as descri bed above. For producing the

solid titanium catalyst conmponent, there are adopted known met hods
for preparing a titanium catal yst conpopgnt havi ng high activity from
a titanium conpound, magnesi um conpound 5 and el ectron donor. The

above-descri begy, GREPBRENISYBIEDE = N 1L EHRBIF SN B,
ERABREGFF VUV ERBANEEBELTH, EFoFrx
CFN(AZ) TI2IV—F, 2-EROF YT OEN (X2F) TIY
V=P, 8-t FaFfyFobl (L%) T727YVL—DF, 2-t FoF
V-3-Tx)Fv-—FTobN (XF¥)TIYVL—=}F, 3-Vo-2-k
FafFy7obEN (A%) 729 0—bM TZVEYVE) (XF)
TI2YUUL—=b  RUFZYRY =TI (XF)TIVL—-b,
P RXFo-NTonvEe) (XF) 7727V —-bF, FFIAFO
— NI VE) (AF)TI2VVb—=b, TFZIF-NE) (L F)
T2V UV—=bF, RYVYZFVIVITYVI-NE) (XF) TI2YVL—-1,
2- (6-E FoFUANFH ) ANTFY) ZFAT 7V V- RED
(AF) 72V NBIAFN 10-9 Y FRy-1-F—=N, 1-+ 5 F
V=8-F =N, 2-AF ) =N NVKENVRY, EXBFIYRFLY
E FodvyzFlEoNz—FN, EFOFVTFLEZ N —F
W N-AFo-NTI2UATIR, 2-(XF) T7ubtFva
FLUVT Yy RI+RXRDz—=F, 7V YV VE)TVNZ—-FN, 7T
UATNaA—=, THYaFrxy ) =N, 2-TF/-1.4-IF— )N
BXUTZ)V eV re) TAA-NKEERBT SN B,
BR7 I/ EFRAzF L UESREBNLEEHE, 2F LV EZEE
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contacted in the presence of other reaction reagents such as silicon,
phosphorus, al um num and the |ike. As the above-descri bed
or ganoal ul m num conpound | form ng the above-described titanium
catal yst, a conpound 10 having at |east one Al -carbon bond in the
nol ecul e cawo»8/31745 used. As this conpound, there are nmepCT/oredo2as

or ganoal ul m num conpound represented by the foll ow ng general fornula
(1) (Rlerr])mAl (OR[err])[err]Herr]Xerr] (i), 15 wherein
Rlerr] and Rlerr] are each a hydrocarbogggroup havi ng usually from1
to 15, preferably from1l to 4 carbon atons, and they may be the sane
or different, X is an hal ogen atom m n, p and g are nunbers
satisfying the condition of O<nferr]3, O[err]n<3, O[err]p<3,
O[err]g<3 and mn+p+g=g;" 20 Further, a conplex al kyl conpound
conposed of a G oup \! metal and alum numis also nentioned, and can
be R?

AP, R BKREREF. *FNVEFLRBzFLVE, R® BAER
F. REFEFHI~1 2, HFELRBR1I~80T7NVFNVE, /-1
RERFHEE~12,. HFELBE6~8DY 707 AFNETH 3B,
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TUYNT IV, 22V NTIV N-XAFAT2YNLT I, NN-
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irepresented by the follow ng general formula (ii) (MAI(R[err])

(1) wherein Mis Li, Na or K, and R err] is as defined in the
general formula (i). _ For preparation of the titanium catal yst
an el ectron donor can optionally be used. As such an el ectron donor,
49 - or Wa#881'MH con conpounds are nentioned, and can bePCTAP98/00216
represented by the follow ng general fornula (iii) or (iv).

Rlerr]Si (OR)[err] (rii) . SiRerr]Rerr]mORerr])[err]

(1v) 5 In the general formula @7i), Rand R are each a
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hydr ocarbon group, n is a nunber satisfying 0O<n<4. In the gener al
formula (iv), Rerr] is a cyclopentyl group or a cycl opentyl group
havi ng an al kyl group, R err] is an al kyl group, a cycl opentyl group
or a cyclopentyl group having an 10 alkyl group, Rlerr] is a hydrocarbon
group, and woss/m74sunber satisfying O[err]nferr]2. PCT/IP98/00216AS t he
cycl opentyl group Rlerr] having an al kyl group in t he above-descri bed
general formula (iv), 2- met hyl cycl opentyl group, 3-nethyl cycl opentyl
group, 2- 15 ethylcyclopentyl group, 2g-dinethylcycl opentyl group and
the Ii ke are nentioned. In the catal yst conmponent form ng the

titanium 4 Sl YBbk 4 ar o) @ | Y/ be r:?@})@'meﬁ reg. | Q&E 487k -

prepol ymerization, it is désirable that the Terr]-olefin Is
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el

from1l to 100 g per 1 g of the catalyst for olefin pol ymeri zati on.
i*s preferable that the prepol yneri zation is conducted under mld
conditions with 25 adding an olefin and the above-descri bed cat al yst

It

conmponents to an inactive hydrocarbon nedium The [err]-olefin used
in the prepovgeesizanti on may be the sane as or PCT/IP98/00216

50 different froman [err]-olefin used for polynerization to

obtain the unsaturated ol efin copolyner (A) or (A). As the

sol ubl e vanadi um conpound formning the va@gidl um catal yst, vanadi um
conpounds represented by the foll owi ng 5 general formula (v) or (vi), and

the like are nentbonedy s )L Nl % v K, 2,5-9 A F 1-2,5-E R (t-TF 1

RUVEFFTV)ANFY U, 2,5-FXFN-2,5-FR (t-TF VRNV F
FUOIANFIU-3 LEER (t-TFARNAMTFIL I TOLN)
RYVEV. LIFEX (1-TF MRV F V) RS U—-b RUT A
WRNVEFY R A-TFARVETF IRV -, TEFALRD
TFIFECADITFYMNRMETFVIR, 75 )4 MWRMTF U R
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TUvRBEIUTA VEORBBRRICKEREE ; Y 7andHy L 2
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RRBE:, 7oWRvEY, V20XV Ey, P 2aARyE



~VQ( OR) axXb (v) V( OR) cXd (vi) In

:the general formulae (v) and (vi), Ris a hydr ocarbon group, X is a
hal ogen atom and a, b, ¢ and d 10 are nunbers respectively satisfying
O[err]alerr]3, O[err]b[err]3, 2[err]atb[err]3, O[err]c[err]4,
O[err]d[ ernyaos/Bfi4x r] c+d[ err] 4. As the sol ubl e RCINREB/GHRA6
conpound, an el ectron donor adduct of a sol ubl e vanadi um conpound
obt ai ned by contacting the both with each other can al so be used. As
15 the organoal ul mi num conpound forni hg3t he vanadi um cat al yst, t he
sanme conpound as the organoal ul m num conpound form ng the titanium

catal yst can:pe #sfiflz F L > . 7 o thek megal | BdENe eidounds &f M Bagsirtion:

netal sel ected fromGoup IV of Periodic Table form ng the
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et

Nferr]L[err] (V1) wherein Merr] is a transition netal

sel ected from Goup IV of Periodic Table, particularly, zirconium
tftaniumor 25 hafnium x is a valence of the transition metal Merr],
and is a nunber of ligands L[err] coordinated to the transition

met al , WwWEB1745 5 PCT/IP98/00216

L[err] is a ligand coordinated to the transition netal, wherei n at

| east one ligand L[err] is a ligand having a cycl opent adi enyl skel et on
whi ch may have a substituent. 10Exanpl es of the ligand L[err]
havi ng a cycl opent adi enyl 5 skel eton include cycl opentadi enyl group,

al kylor EENMOBCHEMAINS,

AfAafELA LV 74 VEREESEK V) OS5 7 VKR, 28O
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OIS LTHBIAALTY ST MEESREBRMBEST VT 4 VR E
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757 bBIE, BER0.1~50EE%. FEULIH0.2~30E
BXOHEERNIZIH 5,
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cycl oal kyl substituted cycl opent adi enyl groups such as

met hyl cycl opent adi enyl group, ethylcycl opentadi enyl group, n- or i-
ptopyl cycl opent adi enyl group, n-, i-, sec- or t-

but yl cycl opent adi enyl group, dlnethylcyclopentadlenyl 10 group,

met hyl pr opy vy esd/zpesnt adi enyl group, et hyl but yl cycl opastiragosoyds gr oup,
nmet hyl benzyl cycl opent adi enyl group and the |ike, and further, indenyl
group, 4,5,6,7-tetrahydroi ndenyl group and fluorenyl group and the

| i ke. The above-described group 15 "haWhg a cycl opent adi enyl skel eton may
be substituted by a hal ogen atom trial kylsilyl group or the like.
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substituted al kyl ene group such as isopropylidene or

di phenyl net hyl ene and the like; a silylene group or a substituted
§ilyl ene group such as dinethylsilylene group, 25 diphenylsilylene group,
met hyl phenyl si |l yl ene group and the , li ke, to forma netall ocene
conpound ofwQms/8iTes t ype. As ot her ligand L[ err]eatirnesiodiss | i gand
havi ng a cycl opent adi enyl skeleton (ligand having no

52 cycl opent adi enyl group), hydrocarbon groups having 1 to 12

carbon atons, al koxy groups, aryloxy gt@8ps, sul fonic acid-

containing group (-SOerr]Rerr] wherein Rerr] is an al kyl group,

al kyl group gmpsty P QN3 G BRIDEER] 2L BIEE &' 4l 0% DT L T & 3,
tEDOESUMWREANB. FRBFUMEF LI+ VREEAHE (A7)

10 0EEMICNLTI 1 ~20EEH. FEULIB0.2~10H8
EHOBTHWE I ENEE L,
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VYER2 VA IFEDTLASIFRIELEY DV MRV E UK
ERETON S,

ARBPAOIA YLy FRATLARPIZE., EHOTLEAH %+
METHILHLTED, COLXINBMEFMELTR, A-FK U735
v 7. BBy BEOTLMRA  KAK ; BERBIN YT L,
BEERBANYD L, FNI, 2V~ VY LEOTEHF ; MEM
EH Dy 7R BEARME ; BRUCESR ; BMEBIER ; T 8%

CRSIEE G MIBKAEENRETONE, ChOoOEAFBZI1BHREL
B2EBHLULHAGETHERT A ENTE 5,

FRFBEHNOESER. FREATMBEILV I VREXESAKE (') b
SO LV/FRITL (B) OBE 1 0 0EERICHFLT20~150
EEH. FELCR30~100ERWTHE. —MIZ. WRA A



5 aryl group substituted with a hal ogen atom or al kyl group), hal ogen

atonms or hydrogen atomand the |ike are nentioned. As the
Hydrocarbon group having 1 to 12 carbon atons (ligand L[err]), an

al kyl group, cycloal kyl group, aryl group, aral kyl group and the like
are ‘menti one9swr4d 10 specifically, alkyl groups such a®ECmaedspbigr oup,

et hyl group, n-propyl group, isopropyl group, n-butyl group,

i sobutyl group, sec-butyl group, t-butyl group, pentyl group, hexyl
group, octyl group, decyl group, dodecyliOdgroup and the like;

cycl oal kyl groups such as a cyclopentyl 15 group, cyclohexyl group and

the 1ike: ary\9nounts BIEPE. o mimiARRY( 90uPh SOBY) noypppnclst Ben | ke:
gr oups

ar al kyl such as benzyl  group neop group and e ke, are

vl g sk e (Ll o bomooo,
aryl oxy gr OuUpy 8 Et‘ﬂﬁ?@%@%ﬁ%%%'ﬂ%@&?& ment i oned.
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As the sul fonic acid-containi ng group (-SOerr]Rerr]),
nmet hanesul f onat o group, p-toluenesul fonato group,

t gi f1 uor omet hanesul f onat o group, p-chl orobenzenesul fonato group and
the like are nentioned. As the hal ogen atom 25 fluorine, chlorine, -
brom ne, i ocdvanesangs the |i ke are ment i oned. rCE®ogoll | ocene
conpound represented by the general formula (VI), where the val ence of
the transition netal is 53

for exanple 4, is nore specifically repiesented by the fol |l ow ng
general formula (VI'). Rlerr]Rerr]Rerr]Rlerr]Merr] (M")

CORBET1~3 0 HMMBT 52 EMFE L
EEMEAEER T CETRERC I OMRT 2B 1. TR
BREINTLHEBKDBIC. 0.1 ~1 0MeV, FELLCI30.3~2
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In the general formula (VI'), Merr] is a transition netal 5 as in the

general formula (VI), R2 is a group having a cycl opent adi enyl
skeleton (ligand), R3, R4 and R5 are each i ndependently a group
havi ng cycl opent adi enyl group or havi ng no cycl opent adi en group
(li-gand), RVQBS/H#S nt eger of 1 or nore, and k+l +m+n:1’43.T’-n’3%m

net al | ocene conpounds conprising two |igands havi ng a

cycl opent adi enyl skeleton in which M er % is zirconium are
exenpl i fied bel ow. bi s(cycl 8@nt adi enyl ) zi r coni um nonochl ori de
nmonohydri de, 15 bi s(cycl opent adi enyl ) zi rconi um di chl ori de,

bi s (1-nethyl - 3t BUSR/ECEAC] opent adi enyl ) zi rconi um

bi s(trifluoromethanesul fonate), bi s

i A PE e S AU T & URT (B )
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20 et hyl ene- bi s(i ndenyl ) zirconi um di chl ori de,

| sopropyl i dene(cycl opent adi enyl -fl uorenyl ) zi rconi um di chl ori de,
gi phenyl si | yl ene-bi s(i ndenyl) zi rconi um di chl ori de,

met hyl phenyl si | yl ene-bi s(i ndenyl ) zi rconi um di chl ori de, 25

rac- et hyl enWOA88{ASnet hyl - | -i ndenyl ) zi r coni um di chl oPCT/ar9s/00216
rac-di netyl silyl ene-bi s(2-nethyl-1-indenyl)zirconium di chl ori de,
54 rac-di metyl silyl ene-bis(4, 7-di met hyl - 1-

i ndenyl ) zi rconi um di chl ori de, 107
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rac-di nmetyl silylene-bis(2,4,7-trinmethyl-1- I ndenyl ) zi rconi um

di chl ori de, 5 rac-di netyl silylene-bis(2,4,6-trinethyl-1-
kndenyl ) zi rconi um di chl ori de,

rac-di metyl silyl ene-bi s(4-phenyl -1-indenyl)zirconium di chl ori de,
rac- di met yV¥@ P83134%e- bi s( 2- net hyl - 4- phenyl -1- 10 i ndenyl ) AGTHBPEA9M6

di chl ori de, rac--di netyl silyl ene-bi s(2-nethyl -4-
([err]-napht hyl)-1- i ndenyl ) zi rconi um di chl ori de,

rac-di netyl silyl ene-bi s(2-net hyl - 4- ([ et9§ - napht hyl ) - 1-
ir ggeg?llrrzetzlylr g%lniﬁugngi-ig%&i-lg’si byé‘?vﬁ QR b aFRRNE 4 iOn"@lbﬁyﬁ)?Ei tconi um
di chloride, and the I|ike. There can al so be exenplified
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r;etal Is replaced by titaniumnetal or hafniumnmetal. 20 As the

net al | ocene conpound of bridge type, net al | ocene conpounds represented
Ry the follow ng formula [ A] are menti oned.
55 [err] .
: WO 98/31745 PCT/JP98/00216
109

FHE4OCREBRLIFUYE ] 0kg/en 123 X5 BA LK,

Z0%,. EAFRNOENEZ]1 Okg/en*icBRo& S F LU %
HHEHEB U EUARARMA L LRBICLTESRIEZT » 12,
gohfzzF Ly TublLy - 2FLY - EMND#EAHK (#%
E4& (b)) . 18gTHY, zF VL UMSEMNSIHARBEL
&, ToEV U SEIMNSHEREMLEOENR] (ZF VLY /T
PLY)i2378/22Tho. mFLUyhroBEINIHBEREML Y
DbV VDA SEDINIBRBMLOAHEL, XFL VD SEDIN
ZEBR DN (ZFLY+ T DL Y/ AFL Y)Y 395
S5 THote COXREGBhOIVEMI25THYD, 1 35°C,
FhY Uy RCHMELABRBE [2] 133. 3d1/8TH » 12,

& BBl 3

1.5y PLOA—-PIV—-T2EHRTRSICERL., PV
46 0ml, RFL35n, EMND8mIZHRAANR, &5iT1-7
FUEL Tke/cn* iR B X5 ICBA LKL, RVWTHEBLENSERERN
Z40CIKARLZFUVL 21 0kg/en®iItB8 B3 K3 ICEA L,

Z0%, EAPRAOEAZE 1 Okg/ecm® iR D XSz F LU %
MG LI EUARESED 1 ERRICUVLTEARIEEZTT - 1=,
BonhfcFLY - 1-75FV - AFL Y - EMNDHEXEAK (&E
A (c) ). 15gTHD, TFLUDNSEDINIEREMLE.
-7 o oBMOABBBEMEDOEN L (ZF LY /I-TF V)
K82/18THY, ZFVUYNOHEINABMBEMLELLI-TF U
SEPNIBREMEDOSHEBEL, XF LUy OoBEINIEREA
EDENR ((FLY+H1-TFV) /JRFLV) B985 /5TH



“
<4

In the formula (A), Merr] represents a netal of Goup IV of Periodic
Tabl e, for exanple, titanium zirconium and 5 haf ni um R1 and
R2 may be the sane or different, and are each a hydr ogen atom an

al kyl group having from1 to 10, _preferably from1 to 3 carbon atons,
an al koxy QYoMSIAs/i ng from1l to 10, preferably fromECTII@IEHO2Er bon
atons, an aryl 10 group having from6 to 10, preferably from6 to 8

car bon atons, an aryloxy group having from6 to 10, preferably
from6 to 8 carbon atons, an al kenyl dridup having from2 to 10,
preferably from2 to 4 carbon atons, an arylal kyl group ‘having from?7

7 to 40, prefarduly Trem et e R o arors, an el il eryl group
Qfgimng fromd +RI4R.U 7= i FReEefak Y 1800 @19 @& cafhon atons, or hal ogen

& BB 4

L5 Yy MO P2 V—-T2ERTRBICERL, by
430ml. XAFL 3 0ml. EMNDS8ml. 1-F2725F %4 0nl%
HRAAL, ROTHEBBLANKSFZARAZS50CKERLFL V%1
0 kg/cm*iC/E B XS ICHFEA LT,

Z0®%. EATPRANOENZE]1 Okg/cn?iCE2> &5z F LU %
HEEBRE LA LUNARBERA L LRARIILTEARIGET » /<o
BohlkzF LY - 1-F 72 - RAFL Y - EMNDHEESK (3
E4# (d)) B, 198THD, =F LV U SHEDINIEREN
EVIXITFUNCEINBIHBEBEMLEDENE (ZF VY /1-F
25V) 385 /15THH, 2FLUHASEINIBREMLLL-
FI7F U0hoEDPNIBBREMNLLDEHEL, XFL VM SEDIQ
APHBRBMLLOEN] ((ZFVV+I-F2FV) /Z2F L VI B
96/ 4 ThHotco COREAKRDOIVEMIZZATHO., 135
Cs AV P TRHELLEBRHKE [7] 133. 4d1/8TH - 7=,

&5

AEMIICENT, (DAFNUert-TFALTIFE) (FFF 2

CFN-p- 7 aRVIDIZIN) VS YY VruSAKFY A
NHADOAETERLIEA V7O EYFUV-EX (A VyFZN) IN
ALY 72a) FITEELRLUARESEA | ERABICITVL., =F
Ly 7obby X5V - EMNDXEAHK (XESHK () )
AR, BohiczF LYy JobElLYy - XFLY - EMND#E



preferably chlorine atom R3 and R4 may be the sane or different,
and are each a 20 hydrogen atom a hal ogen atom preferably fluorine atom
chl orine atomor brom ne atom an al kyl group, which may be

56 hal ogenat ed, having from1 to 10, preferably from1l to 4

carbon at onswoagi@ig/! group having from6 to 10, preferabl yporgposioaym 6 t O
8 carbon atons, -NR[err], -SRerr], -CSiRerr], -SiRerr] or -PRerr]
group, where Rlerr] is a halogen atom preferably 5 chlorine atom or an
al kyl group having from1 to 10, ' pigferably from1l to 3 carbon atons,
or an aryl group having from®6 to , preferably from6 to 8 carbon

at oms. Ak (REAHK (D)) R, ZFLUhSEINBHBRBEME, 7
oLy hoEhNIBRBEMLLOENE (ZF LY/ TablLy)
275/25THhDH. 2FLUHoBHINIEBREME oYL Vv
POoBMPNIBUABENLOEHEL, RFLUVDMOEINBIEBHRE
fEDENE ((ZFLYV+TOELVY) /JRXRFLYVIEZI2/8
ThHholeo COREAUROIVERMILI 9THD, 135C. ¥4
VD UHRTHMELULBRMEE [2] X1, 7d1/8TH - 7,

EHif 1

(ML D8E)

MREAERM I I TRELAEESEK (a) . KRATL (RSS I
B(lb—V7E))., BHE, XFT7YV V. N-339H—-F
V759 (BETDS™ (BA-RUHE) ) F7F0F%F4141 (
Yot 4240™ (BEY AR ) B XUZB/ABBLEF (N-14 v
TobEN-N-22=N-p-T 2L UVDT7IV,. BRE: )75y
7810-NA™ (KAHEMETIEHLR) ) 2. 1.7V y PO UA
V= IFH-ZAWTEBHE LA, COREWMIC. 2 S5IZMBIREH
TMTM. MKREEHNOBSSIUVMEEZMA. 84y Fu—N (
Mo—)/#%o—-:65,/65C, 16/18rpm) TREEL
AMBECEETLE2BL, BB, BEAKTBLT, RATLEEEC

RV, FETLAOCRBAMUALFT-T Vo — L TEHEDL, L—=—
BB [ML,.o (100°C)] 60&U7,
*EALAHK (a) : 30EE
KARTL : TOEEL
HE: DLHEER



R3 and R4 are particularly preferably a hydrogen atom R5 and R6
may be the sanme or different, preferably the 10 sane, and have the sane
definitions as for R3 and R4 providing that Rerr] and R err] are not
a hydrogen atom R[err] and R6 are preferably an al kyl group, which
may " be hal OYOR8B3H4S having 1 to 4 carbon atons, specitcrmosgo2iaret hyl
group, et hyl group, propyl group, isopropyl group, butyl group, 15

i sobutyl group, trifluoronethyl group and the |ike, and preferably a
met hyl group. R7 is [err] 130 25

AFTYUE: 1EER
N-339 H—RUT 5wy :T5EER
FITFURETAN: 6 0ERR
B LBIEA : 1EER
MWEEAMTMTM : 0.5 EEHR
MHmREELEANOBS :1.2EER
WK 2.0 EER
FROISIELTHESHARMBOBATLEL 6 0CIZIMEAS
NEETVRAICED1I 0B MBLES ZmMmOMKT L > — P 2R
UL, L ORBREfT -7t BRERIIIRT,
E i 2
LR 1T, EESEk (a) TRAT, a2t THE
Uit EAHK (b) £V RS, EWH 1 ERABICHT -7,
HWRER1LIIERT,
£ it il 3
EF 1tV T, HELSEK (a) KRAT, 4RAICTHE
VIEXESHE (c) ZAVWRUAR, M1 ERBRICIT -2, &
REEXI1ITRT,
< 3t 7 4
EWHM 1ICH T, XESHF (a) IKRAT, P4 icTHE
LicXEAE (d) ZRAVWABA . EHH 1 ERBEIZT- -, &
REXILIIR T,
£ hti ) 5
ERF 1tV T, HEAHK (a) TRAT, AkHIS ICTRE



30 =BR[err], =AIRerr], -G-, -Sn-, -0, -S, =SSO, =Serr], =NRerr], =CO
=PR[err] or =P(O R err], where Rerr], Rerr] and Rerr] may be the sane or
5 different, and are each a hydrogen atom hal ogen atom an

al kyl group having from1 to 10, preferably from1 to 4 car bon atons,
and nore pr é“f(b?sé’d%‘? met hyl group, a fl uoroal kyl groupchapsgigadsr om 1
to 10 carbon atons, 5 preferably CF3 group, an aryl group having from®6
to 10, preferably from6 to 8 carbon atons, a fluoroaryl group

having from6 to 10 carbon atons, prefenagly

Lt%i%ﬁ(f)%mhtuﬂﬁ\%m%1&ﬁﬁﬁﬁckoﬁ
REXR1ILRT,

B pl 1

RIEH 1 CHT, £EESH (a) 2RVAVLT, 2F LY - 7
DLy -EMNDREAK (ZFLY,/ FublLy (EAH) =
6832, 3YHKML:22, 135CFHYVHFTHAETLLBRE
WHE [n] :2.2d1/8) (HEAK (e)) 210 0EBHTH
U, KM LRI o, BEEE L RT,



pent af | uor ophenyl group, an al koxy group having from1l to 10,
preferably from1l to 4 carbon atons, particularly 10 preferably nethoxy

gt oup, an al kenyl group having from2 to 10, preferably from2 to 4
carbon atons, an aryl al kyl group having from7 to 40, preferably from
7 to 10 car bwo %aBtMs, an aryl al kenyl group havi ng fr opcBiros/osds
preferably fromS8 to 12 carbon atons, or an al kylaryl group having
from7 to 15 40, preferably from7 to 12 carbon atons, and R err] and
Rerr], or Rerr] and R err] may foryntogether, with the carbon atons
to whi ch they are bonded a ring, M2 is silicon, germanium
or tin, preferably silicon or germanium 20 Rerr] is
preferably =CRlerr]Rlerr], =SiRerr]Rerr], =GeRerr]Rerr], -0,
-S-, =SSO =PRerr] or =P(ORerr]. * 1 R8 and R9 may be the sane or
different and heve—the saffe—det-a-tonrs—as—Feor—Rl-err-
: S HH 14330
1 2 3 4 5 1
g #E4H@) 30 - - - - -
E FEA D - 30 - - - -
A #E A () - - 30 - - -
|
7 HES - - - 30 - -
3k 4
Y % HKELHE) - - - - - 100
S
& HXEA W) - - - - 30 -
o e NR 70 70 70 70 70 -
VA
A=K TS vy 75 75 75 75 75 75
mEER (WE) 2.0 2.0 2.0 2.0 2.0 2.0
Ts (MPa) 16 19 20 20 14 12
Es (%) 500 600 640 580 480 500
" Hs (JIS A) 56 58 57 56 5l 55
{8 ZEU0%([a]) >108 >108 >10° >10° >10° | 45000
3
53R 80%([a]) | 35000 | 42000 | 66000 | 51000 | 34000 | 9u00
f#&3R1507([E ) | 12000 | 18000 | 35000 | 28000 | 11000 | 4100
tan § (25°C) 0.08 { 0.07 | 0.05 { 0.06 | 0.10 | 0.15




;1and n may be the sane or different, and are each 0, 25 1 or 2,
preferably 0 or 1, and mtn is O, 1 or 2, preferably Oor 1
58 Particul arly preferable netall ocene conpounds sati sfying
t he above-described conditions are represented by the foll ow ng
forrmul ae (iWO983{Msi). [err] PCT/JP98/00216

115

& B4l 6.

(FfafEF L4 Y R¥EEEAGEK (V') DES)

HHTS SURBEELZMA VS AEBD I Yy VIVRIEEES
EFTESICEBL, PV 4950l XFL Y 5al, 8-AF N
“4-xFVF-1,7-)+Ix2 (EMN) Snl%#Hd2s, #BLA
MOTF LY THAS i, RVTRAEISCRABL, A5
THI)FY Y (RIV-TI7J748, lowtX bz vEBEE) 9
mM., (I2FN (t-TFALT7IF) (FFFAFN-p%-v 0
RYEFD2ZN) V50) FH 970y F£20.03mM (0.01
mMMMVZTVER) ML, ZTFLY100NYw MU/ hr 4%
EFEAICHBLENSL40CT, 6 07HES LL, EAKRTH.,
AVTFUTHI—-N25 onl, HHKk! OnlZMI T8 0CTS3
OB MBEBHRELL. FOBAVTFATNI-NEEGORIGES
SGBo—PICBL. K25 0nT20%ES LBAkIELR, RWT
MBHMEIYy PLOAY ) —NIZHEML, RY=—%F B,
THUAERY<—%2130CT]1 2REEZEZER LI, NEBIET. 4
gETH - 7o

BohlcRfEMEF VI 4 VREESHK (RHEATL (g8)) %
BETAZFLVERFLVVEDENR] (F LV /RAFLY) iT
98/2THY, 3aVHEMI1I 8TH-»%, 135CFHY V/HT
PR LUBRISE (7] (34.5d1/8CTH >t BREEXR2ICF LD
%o

EBMT~10

BE/R-—OHRBEZR2IIFTECIREELLUALEARGE &F




]n t he above formulas (i), (ii) and (iii), Merr] is Zr or H, R err]

and R err] are each nethyl or chlorine, Rerr] and R err] are each
fret hyl, ethyl or trifluoronethyl, and Rerr], Rerr], Rerr], Rerr] 10
and Rl err] have the sane definitions as descri bed above. O the
conpounds MBIt ed by the formulae (i), (ii) and EPCTIP98/00316

foll ow ng conpounds are particularly pref erabl e.

rac-di metyl met hyl ene-bi s(i ndenyl ) zirconiumdichloride, 15

rac- di metyl met hyl ene- bi s(2- net hyl - 1-i ridényl ) zi r coni um di chl ori de,
rac- di phenyl nmet hyl ene- bi s(2-nmet hyl -1 -i ndenyl ) zirconi um

BTV, FEAEF VD 4 VRKXESHKE (XESTL (h) ~ (
k) ) 287, BREER2IIFRT,
£l ]
AADOFETERUIEALA VT oY FUv-EX (fvF=n) 9
NazZaoro) FTHBBREZEBELALIEUNBERE 6 R
ATV, AERIEA L 74 Y REESGK (RESTL (L)) %28
fo. BRER2IIRT,

x® 2
HELHTAL (g) | (h) | Cid | i) § (k) | (&)
Ea%H
ik vy (ml) | 495 480 470 400 4s0 | 495
AR F LY (ml) 5 20 30 100 50 5
HiA#y x> (mb) 5 8 5 3 - 5
RiegBE (CC) 40 30 30 30 u0 o
EIcHE () 60 75 75 75 60 60
D& (g) 7.4 | 5.2 | 50| 9.5 15 -
I L8
10y 2+by (mol) | 982 | 91,9 |88,12| 60,40 77,/23(98,/2
R®Y oM EMN|EMN{ENB|ENB| - |EMN
3 o EMH(g/100gdh) [ 18 33 22 8 0 17
BIRHE (d/g) 4.5 2.5 1.8 1.3 1.1 4.0

ENB :5-2FUYF I UFEILR Y
EMN :8-AFN-A-2FVF-1.T- )+



di chl ori de, rac- et hyl ene-bi s(2-net hyl - 1-i ndenyl ) zi rconi um 20
di chl ori de, 59
rac-di net hyl si |l yl ene- bi s(2-nmet hyl -1-i ndenyl ) zi rconi um di chl ori de,
rac-di nmet hyl sil yl ene-bi s(2-nmethyl-1-indenyl)zirconium di met hyl , 5
rac- et hyl ene¥8i%884%et hyl - 1- i ndenyl ) zi r coni um di met hyl pcT/IP98/00216
rac- phenyl (net hyl ) sil yl ene- bi s(2-net hyl - 1- I ndenyl ) zi rconi um
di chl ori de, o
17
KM 6~11, HEHl2~6
ERBIE~1 1OREATL ((g) ~(L8)) #£3F/- 3=
AREVEEL, 84V F A —Tvu—izlDBELT. 150
CT2O02MEMEL. BohlMHETLOMBEEMEL -,
TLHERLIEORRAECHBELL, T4bb, BESMEEIE
RS (Te ) Itkb, WEERIS VR-vosEictrd, 88
%Efmﬂﬁ%ﬁ(vlva#vF)HXNﬁbe~5-Ki
50CTDtandicdd, FRENVEHIZHODVWTEINY b

A—=F—=iZB550CTtandickDEEmL,




rac- di phenyl - si | yl ene-bi s(2-net hyl -1 -i ndenyl ) zi rconi um 10 dichl ori de,

rac- net hyl et hyl ene- bi s(2-net hyl - 1-i ndenyl ) zi r coni um di chl ori de, and
rrac- di met hyl si |l yl ene-bi s(2-ethyl -1-i ndenyl) zirconi um di chl ori de. These
nmet al | ocene conpounds can be produced by 15 conventionally known net hods
(see, for ewemwpBE45 Japanese Pat ent Lai d- Open Appl i cat PGHIR98B028§ No.

Hei 4-268307). In the present invention, as the bridge type

net al | ocene conpound, a transition netal conpound (met al | ocene

conpound) represented by the followingiigrnula 20 (B) can also be used.
[err] '

# 3
EAR : EEIR
E Y 24 331
6 7 8 2 3

FERIL (A ™

(g) 30 - - - -
(h) - 30 - - -
(i) - - 30 - -
(i) - - 30 -
(k) - - - - 30
EPDM *2 - - - - -
J1%Ib (B)

NR ¥31 70 70 70 70 70

SBR Wl - —~ - - -
=£77397 ¥ 45 ) 45 us U5
ghenEE 2 2 2 2 2
AF 7 1.5 1.5 1.5 1.5 1.5
BRI H *6 1.2 1.2 1.2 1.2 1.2
i

Ts (MPa) 237 228 192 188 175

FVE-VEEEE 0.0u9} 0.0%0| 0.057] 0.063] 0.088
tang (0°C) *7| 0.28 0.30 0.31 0.48 0.1
tang (50°C) *8| 0.055} 0.061| 0.066| 0.15 0.13




60 In the formula (B), Merr] is a transition netal atom of

G oup 4 of the periodic table, specifically, titanium zi rconi um or
haf ni um Rlerr] and Rlerr] may be the sane or different, and are
each 5 hydrogen, a hal ogen atom a hydrocarbon group of 1 to 20

car bon at onwp 9%3174% ogenat ed hydrocarbon group of 1 to 20 PCT/IPs/a82b&N

atons, a silicon-containing group, an oxygen- contai ning group, a
sul fur-containing group, a nitrogen- containing group or a
phosphor us- cont ai ni ng group. 10 118xanpl es of the hal ogen atons
i ncl ude fluorine, chlorine, brom ne and i odine. Exanpl es
of the hydrocarbon groups of 1 to 20 carbon atons i ncl ude al kyl
groups, such as nethyl, ethyl, propg#, 4 butyl, hexyl, cyclohexyl,
octyl, nonyl, dodecyl, eicosyl, 15 norbornyl anE&&En@EEy; al kenyl
groups, such @s—vrnyts
KHEH 2440
9 10 11 4 5 6
FHEAIL (M) *
(g> 20 - - - - -
(h) - 20 - - - -
(i) - - — - - 60 -
¢id - - - - - -
(k) - - - - - -
2) - - 30 - - -
EPDM w2 - - - - - 30
917%3h (B)
NR *3| 50 50 70 100 40 70
SBR *i 30 30 - | - ~ -
h-£77547 ¥l U5 u5 u5 u5 5 us
AR 2 2 2 2 2 2
A7 1.5 1.5 1.5 1.5 1.5 1.5
AR ER) *% 1 1.2 1.2 1.2 1.2 1.2 1.2
ik
Tse (MPa) 252 246 235 220 181 18
V- VEEFE 0.046 ) 0.047) 0.050| 0.051| 0.075} 0.085
tangd (0°C) *7| 0.32 | 0.34 | 0.29 | O.14 | 0.53 | O.14
tang (50°C) *8| 0.045) 0.047) 0.056| 0.0U5) 0.095) 0.060




propenyl and cycl ohexenyl; arylal kyl groups, such as benzyl ,

phenyl et hyl and phenylpropyl and aryl groups, such as phenyl, tolyl,
di net hyl phenyl , trlnethylphenyl, et hyl phenyl , propyl phenyl, biphenyl,
napht hyl , 20 neta%lnaphthyl, ant hracenyl and phenant hryl .

Exanpl es of ¥ genat ed hydrocarbon groups incl ude PCTVIP88/00216
above-exenpllfled hydr ocar bon groups which are substituted with

hal ogen at ons. . Exanpl es of the silicon-containing groups |nclude
25 nonohydrocar bon-substituted silyls,1&uch as nethylsilyl and

phenyl silyl; di hydrocarbon-substituted silyls, such as di-nmet hyl si | yl
and diphenylsiliﬂ 3 trEhydbgtar bon- substi t ut ed silyls, such as

trimethylsilyl, triethylsilyl,
L BHpfl6e~1 188

2 FLY-ToblLy -V vHBELSDT A

¥3 RARTL, RSS#3

M ATV TV VHBEATL, BRART L () =
vy - 1502 (FHE)

¥ N3 39, Mh-Rom, mE

¥6 N-t-TFN-2-RVIVFFTINARNTI2VT IR

X7 tan6(0@)@@ﬁk%h&87v—*ﬁﬁﬁtﬁhéo
¥ tand (50°C) DERNIWVEEERDER I/ & 1 1=
HREICEN S,



él tripropylsilyl, tricyclohexylsilyl, trlphenyI5|IyI,
di met hyl phenyl silyl, neth IdlpheirIS|IyI trltonIS|I and

tri naphthylsilyl; silyl ethers Hl IMWIj‘ﬁUHHmmEbst i 1:5ut leg I silyls, )
al kyl groups, such as

such as trinethylsilyl ether
trinethylsi WRBLH§ : and silicon- "substituted aryl BEDIPSOOMGCh as
trimethylsililphenyl. Exanpl es of t.he oxygen-containi ng groups

i ncl ude hydr oxy groups; al koxy groups, such as nethoxy, ethoxy,
propoxy and butoxy; aryloxy groups, sudRias phenoxy, 10 nethyl phenoxy,

di et hyl phenoxy and napht hoxy; and aryl al koxy groups, such as
phenyl met hoxy and phenyl et hoxy. Exanpl es of the

sul fur-containing groups i ncl aog tFdSe &> HEer 8H oxygen is replaced with
sul fur in th? above- exenplified oxygen-containing group.

(A) (i) =FL ik,

(ii) FEBRE= VAW L.

(iti) FEXEBFERYV V&, BEEIZIEUT

(iv) REEFHEPKIUEDa -V 4 v E
roFoh, FVY (i) DoEIIIBREMLEERREFHN
SULEDa—-FVo4r (iv) DoBELNIBREMLOELHY (
(i) /() HR100/°0~40/6 0HBIZHH, =FL
v (i) DoBINAIABRBMLRERFENRIUELEDa-F LY
4 Y (iv) POoBOINI3BREMLLOAFEL. FFEKRE =S
¥ (i) bpoBIrhrBREMEDENE ( { (i) + () } /
(ii) ) X9 8,/2~60 /4 00@WHEICHD, 135CFHY Y
MTHELULBREE (2] 281, 0~6. 0d1/g0o@BEICH D, 3
RERL1 0~5 0DEAICHLIFfAaTMET LI+ VREESK. &
X U
(B) VX VHRITLEGHELTRBIILERBRETEIAVYY AN
D — VAT LEERY,
2.
Wi () FERE= VA8, TE—/KX (1) TEEh 3
FBERE-NELAMTHABROWHE | HuRBELEOY ¥ K
T+ — VAT LHEEY



i5 Exanpl es of the nitrogen-containing groups include am no
group; al kyl am no groups, such as nethyl am no, di net hyl am no,
di et hyl am no, di propyl am no, dibutylam no and di cycl ohexyl am no; and
arylam no or al kyl aryl am no groups, such as phenyl am no,
di phenyl amWa28/3745l| yl am no, 20 di napht hyl am no and net hyRGIAERAS/A0216i no.
Exanpl es of the phosphorus-containing groups include phosphi no groups,
such as di net hyl phosphi no and di phenyl phosphi no. O these,
Rlerr] is preferably a hydrocarbon grogpz 25 particularly preferably a
hydr ocarbon group of 1 to 3 carbon atons (nethyl, ethyl or propyl).
Rlerr] is preferably hydr ogen or a hydrocarbon group, particularly
preferably

Ri

|

CH.=CH c

I (R3®)n

R? /m . ( I )

(KXW, R! $XUR: B, BVWRRA—THRT->-TWTH XL,
KERFELRBREFRFENLLI~8O7NFNVEEZRL. R® &,
REBRTFHEP L ~B8OTNFNE, TV FVE, AIVFEFUIVE,
TIONTFVE TYNFTFBEBRTNVENE, KBREZ /B o
HYUOBREFERL, mBO~5 D08, nB0~20KHTH S, )

3.

Bt (A) FfafEA LV 74 VREESGAKSIT (B) YV %
TLaMAT&ESI, (C)Y =Ry T 3w 2k /%t (D)
MRAMEEF LRSI ILERBLTS>ARODEHE 1 HE 23S
SHIIERDODYA VYA P+ — VAT LEKY,

4,

BRARMET VI 4 VREESE (A) 3LV UVRTL (
B) OAHE1 0 0EEHIcH LT, TRAELT LY 4 VRHES
k(A OFHENR20~8 0EEBRTHDL, YV Uy FRITL (B)
DEFEN20~80EERTHIFEKROHEHEB 1 AL WUE 3 H
TONWTHRHACBROIAVTY A VI r—VETLERY.

5.

BiE (iii) EXRBRY &, TR ([1-a) TR O,
NOBEXBRRIZ Uy oBINABEBAARATE KX (II-b)

TREINAEAPBXT. TR (I11-2) TERZHh, HOH

A RO



62 hydrogen or a hydrocarbon group of 1 to 3 carbon atons
(methyl, ethyl or propyl). Rlerr], Rerr], Rerr] and Rerr] my
be the sane or different, and are each hydrogen, a hal ogen atom a
hydr ocarbon group of 1 to 5 20 carbon atons or a hal ogenat ed hydrocarbon
group of 1 WQ9831745 20 carbon atons. O these, preferred iRCHIPS$AQPHN, t he
hydr ocar bon group or the hal ogenated hydrocarbon group. At | east one
conbi nation of Rlerr] and Rlerr], Rerr] and Rlerr], or Rerr] and Rl err]
may formtogether with the carbon atong23o which they are 10 bonded a
nonocyclic aromatic ring. When there are two or nore hydrocarbon
groups or hal ogenat ed hydrocarbon groups, excluding the groups for
form ng the Jadbiatk & o ngd S8 niay3 g 5% Ehfieit Tdteadl =t (¢11-b) TFE forma
ring. When R6 is a substituent other than the
ENSEEBHroRBIENIDABCCES 1 BOFEXBRIMPI Vv EF

FINZZUVTHARROBWHAE | HAW LB L4HOWT O ICER
DALY ALF Y+ — VAT LERY

R! R® R RS
LT
H,C=CH-CH: C C cC=¢C [ CR"=CR8R?®
1 LI \ gl !
CH R2/f Ré/g

CHs /p - (II-a)

(AP, pH IR, BVWICH—THRE->TWVWTH XL, 0 &
7221 THy (BL, pEltqldRRIZOTERAN) ( f30~50
BETHY (AL, pagHIL 1 OBARKOTIREWL) | gl
~6DEHTHH, R', R*, R*, R*, R, R® ¥$XUR"
. BEVWICR—TRL->TWVTd &L, AKRFEFEHRIRERETF
BR1I~507NVFNVEEZFRL, R RKERFELRERTETFH
NI~5D07NFNEEARL, R* BAEEF,. REEFHEMN1 ~
SOTNFNEEIE—- (CH:) .,.—CR!'"=CRR"*TEXh
PE (IZT. nRI~5D0EHTHD, RUBXUR"E, BEV
KA—THRBL->TWTDEIL. KREFELRBRERFHES1L ~
" S5DOTNFNEERL, RVPBRRFEFENRI~50T7AFNVESE
RY) 27T (BLU. plaBRIT1DBE. R* BAFEREFEL
BRREEFENI~5D0TVFNVETHB) , )

I



15 aromatic group, it is preferably hydrogen. Exanples of the

hal ogen at ons, the hydrocarbon groups of 1 to 20 carbon atons and the
kal ogenat ed hydrocarbon groups of 1 to 20 carbon atons are those
described for Rerr] and Rerr]. _ As the ligand which contains a
nmonocycl i c WP9RAIME 20 ring formed by at | east one conbi nBET/HSBRIE] err ]
and Rlerr], Rerr] and Rlerr], or Rerr] and Rlerr], as nentioned
above, and is coordinated to Merr], there can be nentioned the
followi ng ones. [err] 124 63
O these, preferred is the ligand represented by the formula (1).
—{H,C-CH)— ( R‘) ( R® R* R3
| | I | |
CH: +— C \ C c=¢C c CR"=CR®R?
i l.)\ al |
CH R%/f R¢/g
l
CHia/p - (II-B)

(ﬂqﬂ\ P. 9. f\ g. R] ~R9 ‘i\ ﬁﬁ%ﬂdmﬂ (Il-a) a)%
ALRALEBE%TH S, )

( R R® R® RS
AEENE
[:Ej“"CHz c \ c C=C¢C C—+ CR7=CR®R®
i L;)\ al |
CH R2/f R® /g

CHi/p - (I11-2)

(&, p. g, f. g, R! ~R* &, WE—KK (1[-a) 0
BELRAULE%RTH 3, )

Rl R3 Rh RS
\ ( | ) ( I n
CH. 4 C C C=¢C C—+ CR7=CR®R®
i ln)\ gl i
CH R2)f RS /g

CHs/p - (ITII-b)

" (K. p. g. f. g. R' ~R® it. WE—EX (I1-2) OB
BERAUERTHB. )
6.

WRE—E® (11-2) CRENIEE/MNIZVELRT 52y
i, FTE—@®E ([V-2) TEEN, pOBEER NIV ER T

* [ L M s *



The aromatic ring nmentioned above nay be substituted wi th a hal ogen
atom a hydrocarbon group of 1 to 20 carbon 5 atons or a hal ogenat ed
fiydrocarbon group of 1 to 20 carbon at ons. Exanpl es of the
hal ogen atons, the hydrocarbon groups of 1 to 20 carbon atons and the
hal ogenat e WO 983134¢5ar bon groups of 1 to 20 carbon at QI/X¥Po8/00216
substituting the 1 0 aromatic ring are those described for R err] and
Rlerr]. Xerr] and X err] may be the sanme or different, and are
each hydr ogen, a hal ogen atom al2b/drocarbon group of 1 to 20

carbon atons, a hal ogenated hydrocarbon group of 1 to 20 '~ carbon

at ons, an oxygen-containing group or a sulfur- 15 containing group.-
Exanpl es of It Bexhad hyerfatanss # BBt oeatbenk gl oUps-b) T ok A 3$4L20
carbon atons, the hal ogenated hydrocarbon groups of 1 to 20 carbon
atons and t K@y geh- coma@i-nifliglogl blpsa) TEINBZFERF PV v £ 12

BRFrFxv@3, TREHBRX (V-2) TREHh, HDOEHFEXZ MY
TVERRF PSS UDSEDINIBBEBANTE KX (V-b)
TRINBEEDTHARAKRDOBEAESHICHRBOII VI A
+— VR ITLEHEKY ;

Hz C=CH‘CH2 —C (
bl

CHj -- (IV-3a)

(X, fRO~5DBHETHD. g1 ~6DEEHTHH, R,
R, R% RV EUR'™M. BWRKA—TbRAE-THTH <.
KEERFELRREEFEN L ~S507NVFNEERL, R® FXK
FEFTLBREFEFEL1I~50T7NVFNEZEZFL, R® 12KkFE
BF. REBEFERI~507NVFNVEFHE—- (CH:)-.—CR
MW=CR'""R'*TZaNhB3HE (T, nid1 ~5DEETHOH,
RI"EXUR'"'B, BVWRKRA—T&RAL->TWHLTH &L, kEREF
FRRREFRETFERI~507VFNEEZRL, RIIBEERFY
NI ~5D0T7TNVFNEERT) 257Fo )
Rt R

CH, — C c C-—C =C-R®
|
L) |

i |
CH R? Re/g
|

CH; =+ (IV-b)

mmy



are those described for Rlerr] and Rlerr]. 20 Exanpl es of the

sul fur-contai ning groups include those described for R err] and
R err]; and further sulfonato groups, such as net hyl sul f onat o,
trifluoronethanesul f onat o, phenyl sul f onat o, benzyl sul f onat o,

p-t ol uenes O 2BAUF45, tri nmet hyl benzenesul f onat o, PCT/JP98/00216
triisobutyl benzenesul fonato, p- 25 chl or obenzenesul f onat o and

pent af | uor obenzenesul f onat o; and ) sul finato groups, such as

net hyl sul fi nato, phenyl sul finato, 12®enzyl sul fi nat o,

p-tol uenesul finato, tri met hyl benzenesul fi nato and

pent af | uor obenzenesul fi nat o. 64

Y is a dival éat H#hydrfocagbonRgr auR 6f 1R & 20RcariBan B it — &= (1V-a)
DBEELERULEBERTH 5, )

CH; - (V-2)

(X, f. g. R . R?({ R?* ~R*®* iz, wiad—i&=L (IV-a)
DHERLAULE®RTH 5. )

LA
P i

R2

CHs = (V-b)

(X, f,. g. R'" ., R?2 . R® ~R*® &, Wig@—#H&=X (IV-a)
DHEAELALERTH B, )

7.

iR (i) SEEBEY vk, WE—BN (II-a) TEZh,
POBERBERYV U SEMINIBRBEUNEEL —&R (11-b)
TRINZLEDLOBENZI DRI LD I BOFXERMNI U F
TRF IV THLERODHEBAR I BAINWLEL4HOWT AN
BBOIAI YIS P+ —NVHITLEBTD

8.

MR — X ([[-a) TRENHIFHRIMNIZVELBTF ISV
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atons, a dival ent hal ogenated hydrocarbon group of 1 to 20 car bon
atons, a divalent silicon-containing group, a di val ent

ger mani um cont ai ni ng group, a divalent tin- 5 contai ning group, -0,
-CO, -S, -SO, -S(err]-, -NRerr]- -P(Rerr])-, -P(O(Rerr])-
-BRl err]- owo9BsRf®rr] - mhere R[err] i's hydrogen, apdEirogiemiat om a
hydr ocar bon group of 1 to 20 carbon atons or a hal ogenat ed
hydrocarbon group of 1 to 20 carbon atons. Exanpl es of the

di val ent hydrocarbon groups of 1 to 201220 carbon atons include al kyl ene
groups, such as nethyl ene, di et hyl net hyl ene, 1, 2-ethylene,

di met hyl -1, 2- et hyl ene, 1, 3-trinmethylene, 1,4-tetranethylene,

12demmem®M&ﬂ(WM%W%@%ﬂﬁ@%W%&%@@&%@@WB
such as di phenyl net hyl ene and di phenyl -1, 2-et hyl ene. 15

EXArpl €5 of H1% xR ber Bk a8 vSIDES NS [V bt cuged ese the
which are haa@genad @XMV B L 1 BOHEXTR I Vv ELBRF FF
VCHLIBROBES THIIRBOIA VYA Py +— VAT LM
Ko
9.

Wi (B) YV VRITAE, RRTL, 41V TV YyTLA, XF L
V=TI T LEICT IV T LSRN EEIORIEINS
DB EH 1 BOTLTHIEROBHAE 1 BTV LESEHEOWT
NHOhICRBRBOIA VY S FO+r— VAT LHEEKED.

10.
(A') (i) =FVv e,
(ii) FEERE=- VL& &,
(iii) FEHEBERIZ V& BBIZREUT
(iv) RERTFEMNIUEDa-FL T4V L
roBoh, =F LY (i) rhoBrhhIBEREMERERFHEMN
3UEDa—-F V74V (iv) »oFBINIBREBEMLLDODENE (

(i) /G IH100/0~40/60D@BBITHD, =FL
V(i) hoBIMIBREMNEREBEFENIULEDa~F LT

YUY DB IBHRBMLLOAHEL, FEKRE- NS
B (ii) ho#EIhIHBERBEMEOoELE ( { (i) + (v} /
(i) ) 2899,/1~85/150HBICHIREMELTL I 4 v
REEEREK, LU
(Bjyly%jA%ﬁé\

AN O A



as chl or onet hyl ene. Exanpl es of the divalent silicon-containing

groups 20 I ncl ude al kyl silylene, alkylarylsilylene and aryl silyl ene
groups, such as nethylsilyl ene, dinethylsilylene, di et hyl si |l yl ene,

di (n-propyl)silylene, di(i-propyl) ) silyl ene, di(cyclohexyl)silylene,
met hyl phenyweiss/gizese, di phenyl silyl ene, di(p-tolyl)spt¢wimsenzand di (p-
25 chl or ophenyl ) silyl ene; and al kyl di silyl ene, al kyl aryl di silyl ene
and aryl disilylene groups, such as tetramet iyl - 1, 2-di sil yl ene and

t et raphenyl - 1, 2-di si | yl ene. 128 65

Exanpl es of the dival ent germani um contai ni ng groups
ABHMETLV I VREESE (V) VT /RTLHL (B) EDE
B CW) /7 (BY)YHR1,/99~50/50TH355%4¥rL
vy FRAT L@, '
11.

MEAEMET VI 4 YV R{EEAKB (M) D1 35CDFHY Y
BEPTHELLEBREE () 81 ~10d41/gTH % #EKDHEH
F10BIEHROII VYL FAITLHEBY.

1 2.

BEEAfEMEL L7+ VRAERE (M) OFITHRMEA1~50
THHRXKOWHE | 0 RFALRB1l 1 BHXEH#BOISI PPV y F
AT Ll
1 3.

BIEEAEAEA V7 4 VREESE (A) 2B T H5FHARKRY
v (iii) BRAEKKRDO MV 2V AR F ISV THBIERD
BRBAE1OEAZAWLEL 2HOWThAHARCEKDII VYUY FH
TLEKY.

1 4.

BEAfEELT VY 4 VHREEAEK (A) ZBRTIEERRY

x v (iii) e — 8k (I1-a) £783 (Ill-a) TRahsHkk
THBREPVIVERRTFPSIUTCHIEAROEHEE 1 0HBLLLEL

2EHOWThAMICRBEOY AP Ly FRITLAMKY,

15.

BEAamEL V74 VREESHE (A) ZHERT SFFEHREKERY
v (iii) @R —&RA (IV-a) £7/2@ (V-a) TRINBFHEHK
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include those wherein silicon is replaced with germani umin t he

above-nentioned dival ent silicon-containing groups. Exanpl es of
the dival ent tin-containing groups include 5 those wherein silicon is
replaced with tin in the above- ment i oned dival ent silicon-containing
gr oups. wo098/31745s Rl err] is a halogen atom a hydrocar bonpgu/yregonis 1 to 20
carbon atons or a hal ogenated hydrocarbon group of 1 to 20 car bon
atons, exanples of which are those described for Rerr] 10 and R2.
Of the above groups, preferred are divakent silicon- cont ai ni ng
groups, dival ent germani um contai ni ng groups and di val ent
tin-containing group, and nore preferred are di val ent
si | i con- contf hi ngr.gr cifs is &F M Hesel paptsd G #i BRLE [ po aRdrned & q
al kyl silyl ene, alkylarylsilylene and aryl silyl ene. Li sted
bel ow are ex@rfl @4 o 1 ite il Edlsdt ot wekdl v FAI I L KM,

16.

WHRIEXE NIV ELR TIPS VR, —FFFiIcdEhse
CTORF-RE_ERGTHELL2TORRBEFEEREESLT
WAKEEFOARHNIMULOELR YTV ELBF STy
THLIBROWHEE 1 SHAVWLE I SHEOWThARKERO Y 1
YUy FRATLHERY.

1 7.

MV v/ RTL (B) B, RRITL, 4AVTVTL, RF VL
VTV VRERATL, TIIVL VT LEFLRINASORAEY
THHBROBBELE L 0BELWLEL SHOWThACREKROY 1
YhLy FEATLERY.
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conpounds repgqsgp%ed by the formula (B).

66 [err] ~ R err] R err] R[erf] Rlerr] Rerr] Rerr]
R'err] R[errf.“’{%YA X[ err] X[ err] M H H H H H
H H H Si Me[err] d a zr CH err] H H H H H H
H Si Me[err] d a zr CH err] H H H HH _ H
Si MePh  d d Zr CH err] H H HHHH H Si Ph[ err]
d d Zr TIRE RUBBER COMPOSITION
BACKGROUND OF THE T ION
Field of the Invention
: 5 The present invention relates to a rubber composition

for a tire, and more particularly, a rubber composition
: ' suitable for a tire side wall and a rubber composition

suitable for a tire tread.

10 : Description of the Related Art
It is said that the role of a side wall part of a

pneumatic tire is protection of a carcass part and
relaxation of stress or strain of a tire tread part during
driving using the tire, and especialiy, the role of a side

15 wall part of a radial tire is more important than that of a
bias tire. As properties required for the side wall part
for the protection of a carcass part, weather resistance,
scratch resistance during driving on a bad road and
adhesion to a carcass part are listed. As a property of

20 the side wall required for the relaxation of stress and
strain of a tread part, bending FéSistance is mentioned.
Namely, the pneumatic tire is required to have various
properties as described above since it is used under
various circumstances and conditions. Of the above-

25 described properties, the scratch resistance, bending

resistance and weather resistance are highly required in

particular, since maintenance of a road has improved and



CH err] H H H HHH H Si(p-tolyl)[err] d d Zr CH err]
H HHHH H S (pdPh)[err] d d Zr CH err] H H
H HHH H Cerr]Herr] d d Zr CH err] H H H
H HH H GeMe[ err] d a  zr CH err] H H H H
H H SnMe[ err] a d Zr 2 CHerr] H H H H H

Si Me[err] Br Br Zr CH err] H H H H H H H

Si Me[err] €1 r &S] £ rlLHtrser] frtheHeebhlated! withl sprddding Bf H

Si Me[err] A Sqerr]CHerr] zr CH err] H H H HHH H
Si Me[err] thdialltirde. CHerr] H H HHHH H

Si Me[err] d a H dJderr]jHerr] H H H HHH H

Si Me[err] c Ch tiZe otdjer rtidf[derrt]tﬂelreHarel—prob{lems described below

H
H H
H

Sive[err] d O zZr Ph H H HHH H
Si Me[err] @om @ne vigw podMte of] apgﬂ[aéanq:e kNamelar t$inge @ dijene

Si Me[err Zr CH err] .CHerr H HH H H

Si Ph[errlf3 Ulbbeﬂausezi‘ in m@m Sléﬁ[ Hﬁi%l h@i[%’ﬁl}fflq-}ef}q w&rather H
S"V‘B[e”] Chlert] H H H_H ange”] a
a cn{%ﬂ?tan‘he' aéiH - ﬁ"-dHanHlO:ﬂld?Pt Paxg it maK

g a% :{ { % the :lll%ﬁnr 4 er rn}_{adged E]owE'ver, ascﬁmeeﬁl% 'Ve]:[ err] CIZr d

cHerr]  HEoBPRIR W e g bpmea pRt ISR oy e rﬁgffl& —

CC:IH[ er rZ]r CH:l_lh%'Eﬁ?féﬂf&t%' rt'Jha@H[tﬁrer kmkhetﬁoalé‘ad %@féz}:ﬁfdfx{ﬂ ]cir %al}.‘%.[f% CFL] ZrCI

1. Reor] i &asdd qute otzort@h@d sth&ééhWQEHeé 1&pdOrdn 351fzdeV%.nd”EHEer ed
ring. Me: nethyl; Et: ethyl; Ph: phenyl
surface discolors to red to lower commercial value, and the
amine-based antioxidant or paraffin wax is diffused during
driving, and ozone crack is formed on the surface of a
tire, and the like. For a formulation with which an
15 antioxidant and the like are not compounded, there is known
application of EPT having high ozone resistance. However,
a tire side wall comprising this EPT and a diene rubber has
to further be improved in strength properties.
To solve the above-described problems, a rubber
20 composition comprising natural rubber and EPDM using
peroxide vulcanization has also been developed. However,
such a perokide vulcanization provides poor crack growth
resistance required as property of a tire side wall, and
provides not excellent bending resistance, and therefore,
25 it should be further improved.
Therefore, there is required a rubber material for a

tire side wall, which is excellent in strength property and

bending resistance and provides low fuel consumption.



67 [err] Rlerr] Rerr] Rerr] Rl err] Rlerr] Rerr]
Rlerr] Rerr] Y Xerr] Xerr] M H H H H H H  H H

SiMve[err] O O Zr- CHerr] H H H H H H H SiwmM2d d Zr
CHerr] H H H H H H H SiPhlerr] d d Zr CH err]

CH err] H H H H H H SiMgerr] A A Zr CHerr] H

CH err] H H H H H SiM[err] d d Zr CHerr] H CHerr]

CHerr] H Fhrthélr, é%ﬁ@%ﬁ%fﬂuégdﬂgkezﬁo 1GRES! Hibbét {gﬁ[err]*[err]
CH err]*[err] CH[err]*[err] H CH err]*[err] SiMe[err] O O
CHerr] H C&ﬂ[féﬁtionﬁi[ﬁrﬂﬂed@é[&fubbeeroH ti€hl eredd SSivedrerr] CI a zr
automobile (rubber for a tire tread part). However, a tire
tread.comprising as a rubber component solely
§ styrene/butadiene copolymef rubber has problems that
rolling resistance is high and abrasion resistance is poor
since impact resilience at from 50 to 70°C is low, though
braking ability on wet road surface (wet skid) is
rélatively excellent.

10 Therefore, as a rubber material for a tire tread of an
automobile, a blend of styrene/butadiene copolymer rubber
with natural rubber is generally uséd. However, there is
desired a tire having excellent balance from viewpoint of
safety, namely having high braking ability even on wet road

15 surface, in addition to lower fuel consumption and abrasion
resistance accompanying recent energy conservation, and the
conventional blend of styrene/futadiene copolymer rubber
with natural rubber can not satisfy these abilities.

As a rubber composition which can improve abrasion

20 resistance of a tire and braking ability of an automobile
in wet condition and can lower golllng resistance, raw
material rubber for a tire tread, comprising a blend of
polybutadiene and halogen-containing
polyisobutyrene/isoprene rubber is described in Japanese

25 Patent Laid-Open Application (JP-A) No. 56-93738. However,
even when the above-described blend is used, abrasion
resistance, braking ability and rolling resistance are not

satisfactory.



o

*é: Rlerr] and Rlerr], and Rlerr] and Rerr] are bonded to each other to

forma five-nmenebered ring, respectively. Me: nethyl; Ph:  phenyl
68 [err] Rlerr] Rerr] Rerr] HRerr]
Y Xerr] Xerr] M '

4

Therefore, a rubber material for a tire tread is
required, which has eﬁcellent abrasion resistance
equivalent to or more than that of natural rubber and is
excellent in strength property, further, has more excellent

5  braking property than that of natural rubber, and has low

rolling resistance and can improve fuel consumption.

DISCLOSURE QOF THE INVENTION
The rﬁbber composition for a tire side wail of the
10 present invention comprises
(A) an unsaturated olefin copolymer prepared from
(i) ethylene,
(ii) an aromatic vinyl compound,
(iii) a non-conjugated polyene, and optionally
15 (iv) an o-olefin having 3 or more carbon atoms,
in which the molar ratio [(i)[(iv)] of constituent units
derived from ethylene (i) to constituent units derived from
the o-olefin having 3 or more carbon atoms (iv) is in the
range of from 100/0 to 40/60, the molar ratio
20  [((1)+(iv))/(ii)] of the sum of constituent units derived

from ethylene (i) and constituent units derived from the o-
olefin having 3 or more carbon atoms (iv) to constituent
units derived from the aromatic vinyl compound (ii) is in
the range of from 98/2 to 60/40, the intrinsic viscosity

25 [n] measured in decalin at 135°C is in the range of from
1.0 to 6.0 d1/g, and the iodine number is in the range of
from 10 to 50; and |

(B) a diene rubber.



H H H H Si Me[err] d a zr H

CHerr] H H Si Me[err] d a zr H
CHerr] H CH err] SiMferr] d a zr H
CH err] CHerr] CHerr] SiMe[err] d a zr

CH err] CHerr] H H Sive[eggr] A a zr

CHerr] CHerr] H CHerr] SiMe[err] d a zr

CHerr] CHerr] H enel pfEbeRt] i R IBIES abote-@bscribed (ii

Me: met hyl . 5 P A splerr%ﬁya%} etqlen tr?e i nygﬁtr%_oﬁ a_élel)t ransition
met al GRTRAYRNESvIRET eédn ﬁmmy?ﬂeierr@wlgcaﬁ Wbhatid apiym or

haf nium i n the above-nenti oned conpounds. The transition netal
conpounds nerbmpbetddabepeeserted by udrd ANedhy gefietl® formald (mcem c

nodi fication as the ol efin polynerization catal yst conmponent, but
t hey can be used also in the formof R type or S type. -
The® i ndene derivative ligands for the transition netal conpounds can

be synthd®ized in accordance with ordinary 15 organic synthesis through,
for exanple, the reaction r ullzé
o CH, = CH c
1'22 m (R3)n

wherein R! and R2 may be the same or different and are each

(1)

a hydrogen atom or an alkyl group of 1 to 8 carbon atoms;
10 R3 is an alkyl group having 1 to 8 carbon atoms, alkoxy
group, carboxyl group, acyloxy group, acyloxy-substituted
alkyl group, hydroxyl group or halogen atom; m is an
integer of from O.FO 5; and n is an integer of from 0 to 2.
The rubber composition for a tire side wall of the
15 present invention may further'cbmprise {C) carbon black
and/or (D) a vulcanizing agent in addition to the above-
described unsaturated olefin copolymer (A) and the diene
rubber (B).
In the rubber composition for a tire side wall of the
20 present invention, it is preferable that the content of the
unsaturated olefin éopolymef (a) is from 20 to 80 parts by
weight and the content of the diene rubber (B) is from 20
to 80 parts by weight based on 100 parts by weight of the
total amount of the above-described unsaturated olefin

25 copolymer (A) and the diene rubber (B).
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descri bed bel ow. 69 [err]

10

15

20

25
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In the present invention, as the above-described non-
conjugated polyene (iii), there can be mentioned at least
one non-conjugated triene or tetraene selected from
compoﬁnds represented by the following general formula (II-
a) wherein constituent units derived from said non-
conjugated polyene are represented by the following general
formula (ITI-b) and compounds represented by the following
general formula (III-a) wherein constltuent units derived
from said non—conjugated polyene are represented by the

following general formula (III-b).

[F\ (¥ ¥) [¥)

| ] | i

H,C = CH - CH, 4 C—)\ Ic " C=Cvg c’:
1]

CH \R2/f \Rﬁ/g

i
CH; /p

CR’ = CR%R’®

(II-a)

wherein p and g may be the saﬁe'as or different from each
other, and are each 0 or 1, with the proviso that each of p
and g is not 0 at the same time; £ is an integer of 0 to 5,
with the proviso that £ is not 0 when p and q are each 1; g
is an integer of 1 to 6; R%, RZ,-§§:~R4, R5, RS® and R’ may be
the same or different and are each a hydrogen atom or an
alkyl group of 1 to 5 carbon atoms; R® ig a hydrogen atom
or an alkyl group of 1 to 5§ carbon.atoms; and R? is a
hydrogen atom, an alkyl group of 1 to 5 carbon atoms or a
group represented by - (CH,),-CR9=CR1IR12 (n is an integer of
1 to 5, RY and R!! may be the same or different and are

each a hydrogen atom or an alkyl group of 1 to 5 carbon



wherein A, B, C are each hal ogen. The transition netal
conpounds used in the invention 5 can be synthesized fromthese i ndene

derivatives in accordance with conventionally known processes, for
exanpl e, described in Japanese Patent Laid-Open Publication No.
268307/ 1992. In the present ifavention, a bridge type transition

atoms, and R1? is an alkyl group of 1 to 5 carbon atoms),

with the proviso that when p and q are each 1, R? is a

hydrogen atom or an alkyl group of 1 to 5 carbon atoms.

g (D)
' 7 8p9
CH ¢ \/ \(I:/ CR’ =CR*R

('ZH £ R%/ ¢

5 CH; /p (II-b)

wherein p, ¢, £, g, and R! to R® have the same meanings as

in the formula (II-a).

O e : \/R‘\ (¥ ){ }

CH '
10 3/P (III-a)
wherein p, g, £, g, and R! to R® have the same meanings as
in the formula (II-a). .
/R‘\ (R3 RY [R’
i o T
‘:D-CH2 C— CH—C=C+g C CR" =CR%R’
I
2 6
CH \R/f R°/g
15 CH,3 p

(III-b)

wherein p, q, £, g, and R! to R? have the same meanings as

in the formula (II-a).



10 netal conpound (netal |l ocene conpound) represented by the
followng formula (C) is al so enpl oyabl e.

70 J[err]
Rerr],

10

15

20

25

Rerr],

In the formula (C, M Rerr],

have
8

Rl err] and Rl err]

The non-conjugated triene or tetraene represented by
the general formula (II-a) is preferably a compound
represented by the following general formula (IV-a) wherein
constituent units derived from said non-conjugated triene
or tetraene are represented by the following general
formula (IV-b), and the non-conjugated triene or tetraene
represented by the general formula (III-a) is preferably a
compound represented by the following general formula (V-a)
wherein constituent units derived from said non-conjugated
triene or tetraene are represented by the following general

formula (V-b).

H,C = CH - CH, — C —~(
H

2
i\,

CH,

(IV-a)

wherein £ is an integer of 0 to 5; g is an integer of 1 to
6; R, R2, R5, R and R’ may be the same or different and
are each a hydrogen atom or an alkyl group of 1 to 5 carbon
atoms; R® is a hydrogen atom or an alkyl group of 1 to 5
carbon atoms; and R? is a hydrogen atom, an alkyl group of
1l to 5 carbon atoms or a group represented by - {(CHj) -
CR10=CR!1R12 (n is an integer of 1 to 5, R0 and R!! may be
the same as or different from each other and are each a

hydrogen atom or an alkyl group of 1 to 5 carbon atoms, and

R12 ig an alkyl group of 1 to 5 carbon atoms).

Rerr],



5 the sane neani ngs described for those in the aforesaid fornmula (B).
O Rerr], Rerr], Rerr] and Rlerr], two groups including Rerr] are
preferably al kyl groups, and it is nore preferred that Rerr] - and
Rlerr], or Rerr] and Rlerr] are al kyl groups. These al kyl groups 10 are
prefer abI y secondary or tertiary al kyl9groups, and may be substituted
wi th hal ogen atoms or silicon-containing groups. As the hal ogen atons
and the sil |c_g@1 @:ortt:ﬁgnl ng /Rt hgge can be nentioned those

substituents escr ifbed\f err]] and Rerr]. 15 O the
groups R err], R[er(m]i—Rf C=a+®? groups than the al kyl
groups are each preferablﬁg hygdy o eh6 Exanpl es of the hydrocarbon
groups of 1 to 20 carbo gncl ude strai ght chain and branched
chai n al kyl . group nd cyclic al kyl groups, such as nethyl, ethyl, n-

20 propyl, i-propyl, n- ¥l, i-butyl, sec-butyl, tert-buti¥-b)

wherein £, g, R!, R2, and R5 to R® have the same meanings as

in the formula (IV-a).

S AV E T
@— i \RJ \R6/ —

(V-a)

wherein £, g, R!, R2, and R® to R® have the same meanings as

in the formula (IV-a).

10
/ R’\ / RS\ R’ R®
@-CHz—(": (:: (:: (’::E-R9
CH \Rz/ f \R"’/ g
CH, (V-b)
wherein f, g, R, R?, and R5 to R? have the same meanings as
in the formula (IV-a}.
15 In the present invention, the aboye—described non-

conjugated polvene (iii) is preferably at least one non-
conjugated triene or tetraene selected from compounds
represented by the general formula (II-a) wherein

constituent units derived from said non-conjugated polyene



pentyl, hexyl, cyclohexyl, heptyl, octyl, nonyl, dodecyl, ei cosyl,
nor bornyl and adamantyl; and aryl al kyl groups,

71 such as benzyl, phenyl ethyl, phenyl propyl and tolyl nethyl.

These groups may contain a double bondjgr a triple bond. Two
groups selected fromRerr], Rerr], Rerr] and Rerr] may be bonded
to each ot heradd fPri@s2n¥REOGYCLhE §EndPaY ChidinhLla (TN 06aHPON ring ot her
than the aromatic ring. anpl es of the hal ogen atons are those
descri bed forparticulBrakt,] igangrBFersbly at least on¥ eidnl-coXfagaledY and

Rl err] have the sane neani ngs described for those in the aforesaid

formula (B). triene or tetraene selected from compounds represented by
the general formula (IV-a) wherein constituent units
5 derived from said non—conjugaéed polyene are represented by
the general formula (IV-b).

In the present invention, the above—described diene
rubber (B) is preferably at least one rubber selected from
the group consisting of natural rubber, isoprene rubber,

10 styrene-butadiene rubber and butadiene rubber.

The rubber composition for a tire side wall of the
present invention is formed into given shapes, then
subjected to vulcanization to obtain a tire side wall.

Examples of the rubber composition for a tire tread of

15 the present invention include the following compositions:

(1) A rubber composition for a tire tread wall
comprising
(A') an unsaturated olefin copolymer prepared from

(i) ethylene,
20 (ii) an aromatic vinyl compound,
(iii) a non~conjugated polyene, and optionally
{iv) an o-olefin having 3 or more carbon atoms,
in which the molar ratio [(i)/(iv)] of constituent units
derived from ethylene (i) to constituent units derived from
25 the o-olefin having 3 or more carbon atoms (iv) is in the
range of from 100/0 to 40/60, and the molar ratio

[({(1)Y+(iv))/(1i1i)] of the sum of constituent units derived

from ethylene (i} and constituent units derived from the o-



10 Li sted bel ow are exanpl es of the netall ocene conpounds

(transition netal conpounds) represented by the fornula (O
rac- Di nmet hyl sil yl ene-bi s(4, 7-di met hyl - 1- i ndenyl ) zi r coni um

di chloride, 15 rac-Di net hyl silyl ene-bis(2,4,7-trinethyl-1-

I ndenyl ) zi-rconi um di chl ori de, 11

rac-Di net hyl sil yl ene-bis(2,4,6-trinethyl-1- I ndenyl ) zi rconi um

dichloride, olefin havid@C RB:eidpd TahWotNatbing§(2i®) 6cd redmituekht 20
i ndenyl ) zi rconi um di chl ori de,

rac- Di net hyl ahi gé efer bired ZXrand dirdaitianetihyll - dompound {(iideryd )iz red@ni um
di chl ori de, rac- Di net hyl sil yl ene-bi s(2, 4,5, 6, 7- pent anet hyl - 1-
i ndenyl ) zi r coangen of cfiran iyl t2685/15, and
rac- Di met hyl si |l yl ene- bi s(2-net hyl - 4-n-propyl - 7- met hyl -

{(B) a diene rubber, . :

5 wherein the weight ratio [(A')/(B)] of the unsaturated

olefin copolymer (A') to the diene rubber (B) is from 1/99

to 50/50.

(2) The rubber composition for a tire tread according
to the above-described (1), wherein the intrinsic viscosity

10 [m] of the unsaturated olefin copolymer (A') measured in
decalin at 135°C is from 1 to 10 dl/g.

(3) The rubber composition for a tire tread according
to the above-described (1) or (2), wherein the iodine
number of the unsaturated olefin copolymer (A') is from 1

15 to 50.

(4) The rubber composition for a tire tread according
to any of the above-described (1) to (3}, wherein the non-
conjugated polyene (iii) constituting the unsaturated
olefin copolymer (A') is a triene or tetraene of a

20 Thydrocarbon. L

(5) The rubber composition for a tire tread according
to any of the above-described (1) to (3), wherein the non-
conjugated polyene (iii) constituting the unsaturated
61efin copolymer (A') is a non-conjugated triene or

25 tetraene represented by the above-described general formula
(IT-a) or (III-a).

(6) The rubber composition for a tire tread according

to any of the above-described (1) to (3), wherein the non-



1-indenyl ) zirconiumdichl oride,

rac- Di net hyl sil yl ene-bi s(4-i-propyl-7-nethyl-1- I ndenyl ) zi rconi um
di chl ori de, 72

rac- Di net hyl si |l yl ene-bi s(2-nethyl -4-i-propyl -7-met hyl -

1-indenyl ) zirconiumdichl oride, 12

rac- D met hyl silyl ene-bi s(2-nmethyl -4-i-propyl -6-nmethyl -

1-indenyl) zi pga@, 4 &4 dde, . N .
rac- EhnethyIS|I§I%ne bﬁ@%g§neth§}l%} ORI ERE NG, She unsaturated

1- 'ndeny|)2|6@@EFHanb6i§ﬁéfd€A )} is a non-con ugated triene or

rac- Di net hyl si |l yl ene-bi s(2-net hyl -4-i -propyl - 5-net hyl -

1-i ndenyl ) zi ceopaene dreptesdrttaed by the above-described general formula
(IV-ai or (V-a).

5 (7) The rubber composition for a tire tread according
to any of the above-described (4) to (6), wherein the
above-described non-conjugated triene or tetraene is a non-
conjugated triene or tetraene having a total of 9 or more
hydrogen atoms directly bonded to all the.carbon_atoms

10 adjacent to all the carbon-carbon double bonds in one
molecule.
(8) The rubber composition for a tire tread according
to any of the above-described (1) to (7), wherein the diene
rubber (B) is natural rubber, isoprene rubber,

15 styrene/butadiene copolymer rubber, butadiene rubber or a

mixture thereof.

BEST MODE FOR CARRYING OUT THE T T1O

The rubber composition for a tire side wall of the
20 present invention comprises (A) a&fpecific unsaturated
olefin copolymer and (B) diene rubber, and optiocnally (C)
cérbon black and/oxr (D)} a wvulcanizing agent.
The rubber composition for a tire tread of the present
invention contains (A') a specific unsaturated olefin
25 copolymer and (B) diene rubber.
First, respective components used in the rubber

composition for a tire side wall and the rubber composition

for a tire tread of the present invention are explained.



rac- Di met hyl si |l yl ene-bi s(2-nethyl-4,6-di(i-propyl)-1- 10
i ndenyl ) zi rconi um di chl ori de,

rac- Di met hyl si |l yl ene-bi s(2-nethyl -4, 6-di (i-propyl)-7-

met hyl - 1-i ndenyl ) zi rconi um di chl ori de,q 3

rac- Di met hyl si |l yl ene-bi s(2-nethyl -4-i-butyl -7-nethyl -

1'ind?nyl)Zirponiu”‘diphggrkﬂéatuiéted olefin copolvmer and
rac- Di met hyl silyl ene-bi s(Z-fethyl - 4-sec-butyl-7-

net hyl - 1-i ndenyl) zi r coni unpdh chhest é€ated olefin copolymer
rac- Di met hyl si |l yl ene-bi s(2-nethyl -4, 6-di (sec-butyl)-1-

i ndenyl ) zi r coni ummgieChlaQr LHBaturated olefin copolymer and (A')

rac- Di met hyl si |l yl ene-bi s(2-nethyl-4-tert-butyl-7- 20

met hyl - 1- i ndemghbtaracedi ohefithtopodener are each a random copolymer of

rac- Di met hyl si |l yl ene-bi s(2-net hyl - 4-cycl ohexyl - 7-

met hyl - 1-% nddiiyl exhydeneum( ii thdmwradmatic vinyl compound and (iii) a

rac- Di net hyl si | yl ene-bi s(2- net hyl - 4- benzyl - 7- et hyl - 1- .

i‘ndenyl ) zi r cowogrdivgrbeddeolyene, or a random copolymer of (i)
ethylene, (ii) an aromatic vinyl compound, (iii) a non-
conjugated polyene and (iv) an o-olefin having 3 or more

carbon atoms.
10 (ii) Aromatic vinvl compound
As the aromatic vinyl compound (ii), a compound
represented by the following general formula (I) is
specifically used.
Rl

CHy; = CH C

! 3
(R°)p
15 RZ2/m (T)

wherein R! and R? may be the same or different and are each

a hydrogen atom or an alkyl group having 1 to 8 carbon

atoms, preferably a hydrogen atom or an alkyl group having
20 1 to 3 carbon atoms;

R3 is an alkyl group having 1 to 8 carbon atoms,
alkoxy group, carboxyl group, acyloxy group, acyloxy-
substituted alkyl group, hydroxyl group or halogen atom,

m is an integer of from 0 to 5, preferably from 0 to

25 3; and

n is an integer of from 0 to 2, preferably 0 or 1.



25 rac- Di met hyl si |l yl ene- bi s(2-net hyl - 4- phenyl et hyl - 7-

met hyl - 1-i ndenyl ) zi rconi um di chl ori de,

73 _ rac- Di met hyl si | yl ene- bi s(2- net hyl - 4-

phenyl di chl or onet hyl - 7- net hyl - 1-i ndenyl ) zi r coni um di chl ori de,
rac- Di met hyl si | yl ene-bi s(2- et hyl - 4- ciplgor onret hyl - 7- 5

nmet hyl - 1-i ndenyl ) zi rconi um di chl ori de,

rac- Di met hyl si |yl & oMY larbmatic vinyl compounds as described

trimethylsilylmethyl-7-methyl-1-indenyl)zirconium di chl ori de,

rac- Di met hyl sbhdvyé eirec Ridd tiRiehy;- iono- or polyalkylstyrenes such as
methylstyrene, dimethylstyrene, ethylstyrene and the like;
functional group-containing styrene derivatives such as

5 methoxystyrene, ethoxystyrene, vinylbenzoic acid, methyl

vinylbenzoate, vinylbenzyl acetate, hydroxystyrene,
chlorostyrene, divinylbenzene and the like; and phenyl-
substituted alkenes such as allyl benzene, 4-phenylbutene-
i, i—phenylbutene—l, 4- (4-methylphenyl)butene-1, 4-(3-

10 methylphenyl)butene-1, 4-(2-methylphenyl)butene-1, 4-(4-
ethylphenyl)butene-1, 4-(4-butylphenyl)butene-1l, 5-
phenylpentene-1, 4-phenylpentene-1, 3-phenylpentene-1, 5-
(4-methylphenyl)pentene-1, 4-(2-methylphenyl)pentene-1, 3-
(4-methylphenyl)pentene-1l, 6-phenylhexene-1l, 5-

15 phenylhexene-1, 4-phenylhexene-1, 3-phenylhexene-1, 6-(4-
methylphenyl) hexene-1, 5-(2—m§thy1phenl)hexene—l, 4~ (4-
methylphenl)hexene-1, 3-(2-methylphenl)hexene-1, 7-
phenylheptene-1l, 6-phenylheptene-1, 5-phenylheptene-1l, 4-
prhenylheptene-1l, 8-phenyloctene-l, 7-phenyloctene-1l, 6-

20 phenyloctene-1, S—phenyloctene—%c~§fphenyloctene—l, 3-
phenyloctene-1, 10-phenyldecene-1 and the like. Of these
aromatic vinyl compounds, styrene, allylbenzene, 4-
phenylbutene-1 are preferable, and particularly, styrene is
preferably used. The aromatic vinyl compounds can be used

25 alone or in combination of two or more kinds.

(iii) Non-coniudgated polvene
Examples of the non-conjugated polyene (iii) include

diene compounds such as dicyclopentadiene, 1,4-hexadiene,



10 trinethylsiloxynethyl-7-nmethyl-1-indenyl)zirconium di chl ori de,
rac-Di et hyl silyl ene-bi s(2-nmethyl -4-i-propyl-7-methyl -
1-i ndenyl ) zi.r coni um di chl ori de, _ _
rac-Di (i-propyl)silylene-bis(2-methyl-4-i-propyl-7- 15 nethyl-1-indenyl)
zi rconiumdi chl ori de, 15
rac-Di (n-butyl)silyl ene-bis(2-nethyl-4-i-propyl-7- .
met hyl - 1- i ndesyd Doddee@iicn®, dmethol bfénorbornene, etgylidenenorbornene,
rac-Di (cycl ohexyl)silyl ene-bi s(2-net hyl -4-i-propyl -7-
met hyl - 1- i ndeviylriordmrnemedi Chleth@®r-1, BJocatadiene and the like, non-
rac- Met hyl phenyl si |l yl ene-bi s (2-nethyl-4-i-propyl-7-
met hyl - 1- i ndegyrijudateghitoniedieshbor tderaenes having one vinyl group in
rac- Di phenyl si |l yl ene-bi s(2-nethyl -4-i-propyl -7-net hyl -
1-i ndenyl ) zi r&hinghegiudig: opidenon-conjugated trienes or tetraenes
rac- Di phepyl si | y| ene- bi s(2-nmet hyl -4-di (i -propyl )-1- 25 I ndenyl ) zi rconi um
dichloPidSy haegng one Sgnorbor%ene—z—él é;oéglgn one molecule. The
' total carbon atom number of this non-conjugated triene or
tetraene (when two or more non-conjugated trienes or
.tetraenes are present, average carbon atom number) is not
specifically limited, and it is desirable that the number
10 is preferably from 9 to 30, more preferably from 10 to 25,
and particularly preferably from 10 to 22. A non-
conjugated triene or tetraene of which carbon atom number
is in such a range is advantageous since handling thereof
such as purification and the like is easy. In this
15 specification the term "triene" indicates a hydrocarbon
compound having 3 carbon—carbon'double bonds (C=C) in one
molecule, and the term "tetraene" indicates a hydrocarbon
compound having 4 carbon-carbon double bonds (C=C) in one
molecule. This carbon-carbon double bond inciude a carbon-
20 carbon double bond of a vinyl group and a carbon-carbon
double bond of a S—norbornene—z—YI group. When the non-
conjugated triene or tetraene as described above is used,
there is obtained a rubber composition for a tire tread
more excellent in abrasion resistance, braking property,
25 rolling resistance and strength.
The non-conjugated triene or tetraene contains 3 (in

the case of triene) or 4 (in the case of tetraene) carbon-

carbon double bonds (C=C) including a vinyl group or 5-



rac-Di (p-tolyl)silylene-bis(2-nethyl-4-i-propyl-

nmet hyl - 1-i ndenyl ) zi rconi um di chl ori de,

7% rac- Di (p-chl orophenyl)silyl ene-bi s(2-nethyl -4-i -
propyl - 7- net hyl - 1-i ndenyl ) zi r coni um di chl ori de,

rac- Di met hyl silyl ene-bi s(2-nethyl -4-i - opyl - 7- et hyl -

1-i ndenyl) zirconi um di brom de, 5

rac- Di met hyl %b'r)bb%ﬂ@n@l-ﬁ(-ﬁl NBE&N - 4-itP AL fulBeRYbf hydrogen atoms
1-indenyl ) zirconi um di met

rac- Di net hyl giiksbeng- bbﬁﬁadn&b hyhe ddrifrdPRiomé- BEGBY¥ENt to all the
1-i ndenyl) zirconi um net hyl chl ori de,
rac- Di et hyl sarpoareabbsh 2douitly | bahds pamadinédmhhphe molecule of
this ﬁon—conjugated triene or tetraene is not specifically
5 1limited, and it is desirable that the number is preferably
from 9 to 33, more preferably from 12 to 33, and
particularly preferably from 14 to 33. It is preferable
that the total number of hydrogen atoms is in this range,
since a copolymer having high croés—linking reaction rate
10 is obtained. Further, when the total number of hydrogen
atoms is in this range, a rubber composition for a tire
side wall or a rubber composition for a tire tread
excellent in strength property is obtained. When the non-
conjugated triene or tetraene used is a mixture of two or
15 rmore, this hydrogen atom number is represented by an
average value of these hydrogep.atom numpers.

The counting method of "the number of hydrogen atoms"
as described above is explained specifically. In the
following compound, there are four carbon-carbon double

20 bonds in total, namely a 1-2 carbon bond (vinyl group), 4-5
carbon bond, 12-14 carbon bond and 16-17 carbon bond. The
carbon atoms adjacent to these carbon-carbon double bonds
are number 3, 6, 7, 11, 13, 15 and 18 carbons (excluding
Nos. 8, 9, 10 and 19 carbons). Therefore, the sum of

25 Thydrogen atoms bonded to all the carbon atoms adjacent to

all the carbon—carbbn double bonds is 16 since there are

two hydrogen atoms on No. 3 carbon atom, three on No. 6,



<

10 1-indenyl)zirconi um bi s(net hanesul f onat o),

rac- Di met hyl silyl ene-bi s(2-nethyl -4-i-propyl -7-met hyl -

1-i ndenyl ) zi rconi um bi s( p- phenyl sul fi nat o),

rac- Di et hyl si | yl ene-bi s(2-net hyl - 3- net hyl -4-i - propyl -

6- met hyl - 1-i ndenyl ) zi rconi um di chl orideg 15

rac- Di net hyl sil yl ene-bi s(2-ethyl -4-i-propyl -6-net hyl -

1-indenyl) zi kganoHMNEL il Ofdlesn @ 11, three on No. 13, two on No.
rac- Di net hyl si |l yl ene- bi s(2-phenyl -4-i-propyl -6-net hyl -

1-i ndenyl) zi n6onkada twvehberisle.18. Al so enpl oyable in the invention
are transition netal 20 conpounds wherein zirconiumis replaced with
titani um netal or hafniumnmetal in the above-nentioned conmpounds.

The transition metal conpoundg mentioned above are used generally in
the formof racem c nodificatyon, -but they can be used also in the
formof R type or S type. 3 The ihaene deﬁbvative | i gands for the
transiti éh netal 2 1 TR 19

~

A compound represented by the following formula (5-

10 ethylidene-2-norbornene) has two carbon-carbon double

bonds, namely, a 2-3 carbon bond and a 5-8 carbon bond.

The carbon atoms adjacent to these carbon-carbon double

bonds are Nos. 1, 4, 6 and 9 carbon atoms (excluding No. 7

carbon atom). Therefore, the sum of hydrogen atoms bonded
15 to all the carbon atoms adjacent to all the carbon-carbon

double bonds is 7 since there_are one hydrogen atom on No.

1 carbon atom, one on No. 4, two on No. 6, and three on No.

9.

20

25

In the present invention, of the non-conjugated

trienes or tetraenes, a non-conjugated triene or tetraene



conmpounds can be synthesized in accordance with ordinary organi c

synt hesis through, for exanple, the aforenentioned reaction route.
75 The transition netal conpounds (netallocene conpounds)
represented by the formula (C) can be synthesized from t hese i ndene
derivatives in accordance with conventignally known. processes, for

exanpl e, described in Japanese Patent 5 Lai d- Qpen Publication No.

motal compounit (TR ke 1a eo BYRpeRERER Ghbhn el RS rARSGRRITH | O
formula (D) |i&tahs Mgl €o kebhlkbon atom adjacent to a vinyl group
or 5-norbornene-2-yl group is preferred. Namely, a non-
conjuéated triene or tetraene in which a vinyl group or 5-
5 norbornene-2-yl group are bonded to a methylene group (-
CHz-) is preferred.
Of these non-conjugated trienes or tetraenes,

compounds represented by the following general formulae

(IT-a) or (III-a) are preferred.

o [V (EF
H,C=CH-CH, c =CR%R’
o )\

|
CH; /p

10

(IT-a)
In the above formula, p and g may be the same or
different, and are each 0 or i, with the proviso that each
15 of p and g is not 0 at the same time.
f is an integer of 0 to 5, preferably 0 or an integer
of 1 or 2, with the proviso that £ is not 0 when p and q

are each 1.
g is an integer of 1 to 6, preferably an integer of 1
20 to 3.

R!, R?, R3}, R%, RS, RS and R? may be the same as or
different from each other, and they are each a hydrogen
atom or an alkyl group of 1 to 5 carbon atoms, preferably
they are each.a hydrogen atom or an alkyl group of 1 to 3

25 carbon atoms, and more preferably R!, R2, R3, R4, R5 and R6



10 In the formula (D), Merr], Rerr], Xerr], Xerr] and Y
have the sane nmeani ngs as described for those in the aforesaid formul a
¢¢B) or (C. 15 Rlerr] is preferably a hydrocarbon group, nore
preferably a hydrocarbon group of 1 to 4 carbon atons, e.g., nethyl,

et hyl, propyl and butyl. X[?gr] and X[err] are each preferably a
hal ogen atom or a hydr ocarbon group of 1 to 20 carbon atons.

are each a hydrogen atom and R’? is a hydrogen atom or an
alkyl group of 1 to 3 carbon atoms.

R® is a hydrogen atom or an alkyl group of 1 to 5
carbon atoms, preferably a hydrogen atom or an alkyl group

5 of 1 to 3 carbon atoms, more preferably an alkyl group of 1
to 3 carbon atoms.

R? is a hydrogen atom, an alkyl group of 1 to 5 carbon
atoms or a group represented by - (CHy),-CR0=CR11R12 (n is an
integer of 1 to 5, R0 and R may be the same as or

10 different from each other and are each a hydrogen atom or
an alkyl group of 1 to 5 carbon atoms, and R!2 ig an alkyl
group of 1 to 5 carbon atoms), preferably a hydrogen atom,
an alkyl group of 1 to 3 carbon atoms or a group _
represented by -(CHy),-CR0=CR11R12 (n is an integer of 1 to

15 3, R0 and R!! may be the same as or different from each
other and are each a hydrogen ’ai;om or an alkyl group of 1
to 3 carbon atoms, and R12 is an alkyl group of 1 to 3
carbon atoms), with the proviso that when p and g are each
1, R® is a hydrogen atom or an alkyl group of 1 to 5 carbon

20 atoms.

CH
3/p (III-a)

wherein p, q, £, g, and R! to R? have the same meanings as

25 in the above formula (II-a).



20 Rlerr] is an aryl group of 6 to 16 carbon atons, for exanpl e,
phenyl, [err]-naphthyl, [err]-naphthyl, anthracenyl, phenant hryl ,
pyrenyl, acenapht hyl, phenal enyl (peri napht henyl) or aceanthryl enyl.
O these, phenyl or 76

naphthyl is preferred. These aryl gro%gp may be substituted with

hal ogen at ons, hydrocarbon groups of 20 carbon atons or

hal ogenat ed hydrowg%gr&fp_%&jj .f{ggg Qg{?pnlgtap such as

descri bed for R1. Li st’e eIo exanpl es of e transition

net al @@mw@&i (fElctld QrereteaBRAUPES) cE8REES WY hd e -

formula (D).
described general formula (II-a) or (IXII-a), the

composition has higher vulcanization rate, and a tire side
5 wall and tire tread obtained from the composition has
excellent strength property.
Specific examples of the non-conjugated triene or
tetraene represented by the above-described general formula

(IT-a) include the following compounds.

10
CH, CH,
H,C=CH-CH,-CH,-CH=C-CH, - CH,- CH=C-CH;

6,10-dimethyl-1,5,9-undecatriene (DMUT)

cw o
H,C=CH-CH,-CH=C-CH,-CH, - CH=C - CH,

15 5,9-dimethyl-1,4,8-decatriene (DMDT)
. ?H3 FH3
H,C=CH-CH,;-CH,-CH=C-CH, -CH=C-CHj4

6,9-dimethyl-1,5, 8-decatriene

CH;§ CH3 CH3
59 H,C=CH-CH,-CH,-CH= C- CH, - C=cC- CH,

6,8,9-trimethyl-1,5, 8-decatriene

(|:H3 CH; CH;
| i
H)C=CH-CH,;-CH;-CH=C-CH,;-CH;-CH=C-CH;-CH; -CH=C-CHj;

6,10,14-trimethyl-1,5, 9, 13-pentadecatetraene
25



rac-Di nethylsiIerne-bis(4-phenyI-1-indenyl)zirconiun1" di chl ori de,

rac- Di net hyl si |l yl ene- bi s(2- net hyl - 4- phenyl - 1- I ndenyl ) zi rconi um
di chl ori de, rac- Di met hyl si |l yl ene- bi s(2- et hyl -
([err]-naphthyl)-1- i ndenyl ) zi rconi um di chl ori de,

rac- D met hyl si | yl ene-bi s(2-nmethyl -4-(pgyr]-naphthyl)-1- 15
i ndenyl ) zi r coni um di chl ori de,

rac- Di met hyl si | yl ene-bi s(2- net hyl ¢d¢f 1- ant hr acenydgy- 1-

i ndenyl ) zi rconi um di chl ori de, |21[-fs P

rac- Di met hyl $1,04 €hle- GHs ¢ CHae 0l £-C1- CH, afihr- &m0 ) CH;

I ndenyl ) zi rconium di chl oride, 20

rac- Di met hyl gikyhghel biméehypthd -ArFeadichiagenyl ) - 1-

i ndenyl ) zi rconi um-di chl ori de,

rac- Di net hyl si |l yl ene- bi s( 2- nethyl=4-(9-phenanthry|)-1-
|ndenyl)2|rconlun1d|chlorQHCH3 H; CH3

H,C =CH-CH, - C- (CH,),-CH=C-(CH,),- CH=C- CH,

. ' 5 4-ethylidene-8, 12-dimethyl-1,7,11-tridecatriene (EDT)

Specific examples of the non-conjugated triene or
tetraene represented by the above-described general formula
(ITI-a) include compounds in which a vinyl group of the

10 compounds exemplified as the non-conjugated triene or
tetraene represented by the above-described general formula
(IT-a) is substituted by a 5-norbornene-2-yl group.

Of the non-conjugated trienes or tetraenes represented
by the aboVe—descfibed general formula (II-a), non-

15 conjugated trienes or tetraenes represented by the
following general formula (IV-a) are preferred. These non-
cbnjugated trienes or tetraenes are compounds corresponding
to the non-conjugated trienes or tetraenes represented by
the above-described general formula  (II-a), wherein p is 1,

20 and g is 0.

Of the non—coﬁjugated trienes or tetraenes represented
by the above-described general formula (III-a), non-
conjugated trienes or tetraenes represented by the
following general formula (V-a) are preferred. These non-

25 conjugated trienes or tetraenes are compounds corresponding

to the non-conjugated trienes or tetraenes represented by

10



rac- Di met hyl si |l yl ene-bi s(2-nethyl -4-(p-fluorophenyl)- 25

1-i ndenyl ) zirconium dichl ori de,

r'ac- Di met hyl si | yl ene- bi s(2- net hyl -

(pent af | uor ophenyl ) - 1- |ndenyl)2|rconlunldichloride,

77 rac- Di net hyl si | yl ene- bi $(&2- net hyl - 4- (p-chl or ophenyl ) -
1-i ndenyl) zirconiumdichl ori de,

rac- Di ”Ethy|%hEYEEB€ebﬁééé%iﬁ%éﬂﬂeﬁ%r%ﬁ?QQ&%&QQh?@Ytla), wherein p is
1-indenyl)zirconiumdichlorid

rac- Di met hyl gi, | gh&ang- b& s¢ 2- nethyl 4 (p-chl orophenyl) -

1-i ndenyl) zirconiumdichl ori de,

rac-Di nethyIS|Ierne bi s(2- et hyl - 4- (o, p-

| H,C=CH-CH,— / RI\ / RS\ if_ R
e \k/, \k

C CH3 (IV-a)
5
In the above formula, £ is an integer of 0 to 5,
preferably 0 or an integer of 1 or 2.. '
g is an integer of 1 to 6, preferably an integer of 1
to 3.
10 Rl, R2, R5, R® and R7 may be the same or different, and

they are each the same as in the formula (II-a), preferably

they are each a hy_'_drogen atom or an alkyl group of 1 to 3

carbon atoms, and more preferably R!, R?2, RS and R® are each

a hydrogen atom and R7 is a hydfogen atom or an alkyl group
15 of 1 to 3 carbon atoms.

R® is the same as in the formula (II-a), preferably a
hydrogen atom or an alkyl group of 1 to 3 carbon atoms,
more preferably an alkyl group of 1 to 3 carbon atoms.

R? is the same as in the formula (II-a), preferably a

20 hydrogen atom or an alkyl group of 1 to 3 carbon atoms.

CH / \ / Rs\ f:lf-w
e ol

CH3 (V-a)




di chl or ophenyl ) phenyl - 1-i ndenyl ) zi rconi um di chl ori de,
rac- Di net hyl si |l yl ene- bi s(2-net hyl -4-(p-bronophenyl)-1- 10
.i'ndenyl ) zi rconi um di chl ori de,

rac- Di net hyl sil yl ene-bi s(2-nethyl -4-(p-tolyl)-1- i ndenyl ) zi rconi um
di chl ori de, rac- Di met hyl si lgy ene-bi s(2-nmethyl -4-(mtolyl)-1-

I ndenyl ) zi rconium di chl oride, 15 '

rac- Di met hyl si |l yl.ene-bi s(2-nmethyl -4-(o-tolyl)-1- i ndenyl ) zi rconi um
di chl ori de, rac- Di met hyl si | yl ene-bi s(2-nethyl-4-(o,0'-

di met hyl phenyl) - 1-inn@@ey bbatecesimm4ll chl q5,i &8, R2, and R5 to R? have
rac- Di net hyl si |l yl ene-bi s(2-net hyl -4-(p-ethyl phenyl)-1- 20

i ndenyl ) zi r cehieUgatieCbenifigs as in the formula (IV-a). _

rac- Di net hyl sil yl ene-bi s(2-net hyl -4-(p-i- propyl phenyl ) - 1-i ndenyl)
zi rconi um di chl or wthen the non-conjugated polyene (iii) is a non-

rac-Di net hyl si |l yl ene- bi s(2-net hyl - 4- (p-benzyl phenyl) -

5 conjugated triene or tetraene represented by the above-
described general formula (IV-a) or (V-a), the composition
has higher vulcanization rate, and a tire side wall and
tire tread obtained from the composition has excellent
strength property.

10 Specific examples of the non-conjugated triene or
tetraene represented by the above-described general formula
(IV-a) or (V-a) include non-conjugated trienes represented
by the following general formula (la) or (2a) or non-
conjugated trienes represented by the following general

15 formula (3a) or (4a). Of these compounds, non-conjugated
trienes or tetraenes, wherein R!, R2, R3 and R® all are a
hydrogen atom, are preferred. Wwhen R}, R?, R> and R6 all
are a hydrogen atom, there are obtained unsaturated olefin
compounds (A) and (A') excellent in polymerization

20 reactivity and further excellent in wvulcanization rate and
thermal stability. Examples of non-conjugated trienes,

wherein R, R2, RS and R® all are a hydrogen atom, are

represented by the following general formula (5a) or {(6a).

I I [
H,C=CH-CH; _|(|: (I: (I: C=C- (CHz)n'(CRll)Rl2
CH \ Rz/ f \Rs/ g

! 1
25 CHs o




1-indenyl)zirconiumdichloride, 25

rac- D met hyl si | yl ene-bi s(2- et hyl - 4- (p- bi phenyl ) - 1- I ndenyl ) zi rconi um
di'chl ori de, rac- Di net hyl si |l yl ene- bi s(2-net hyl - 4- (m bi phenyl ) - 1-
i ndenyl ) zi rconi um di chl ori de, 78

rac- Di met hyl si |l yl ene-bi s(2-net hyl -4-(
trimethylsilyl phenyl)-1-indenyl)zirconliumdichloride,
rac- D met hyl silyl ene-bi s(2-nethyl -4-(m

trinmethyl silyl phenyl)-1-indeny ﬁ rc -ptﬁsorl 5
rac- Di met hyl s@_ene bi s(2-et Y\(l ;/ﬁg\l - [ ndenyl ) zi rconi um

di chl ori de, CH,— C= C (CHZ),,-(CR“)RIZ
cu \ /f g

) : )
CH, (2a)
) /R‘\ /R5\ R? R®
' I i P
H2C=CH-CH2—(": « Ic C=C-R°
CH \Rz/ £ \R6/ g
! (3a)
CH,
/R]\ /RS\ R7 R8
l I I
@_ CH,—C ? C C=C- R9
] |
b \it), \ke/
, f g (4a)
CH,
i R’ R®
I
H,C = CH - CH,—C - (CHp)- (CH,),- C=C-R®
1}
CH
' 5
CH, (5a)
R7 R8
' T D
@— CH2—<"3 - (CHy)- (CHp)y- C=C-R’°
CH (62)
10 CH,

In the general formula (la) or (2a), £ is an integer
of from 0 to 5, g is an integer from 1 to 6, Rl, R2, RS, R6
and R7 are each a hydrogen atom or an alkyl group having 1

15 to 5 carbon atoms, R8 is an alkyl group having 1 to 5



rac- Di phenyl sil yl ene- bi s(2-et hyl -4-phenyl - 1- I ndenyl ) zi rconi um

di chl ori de, rac- Di net hyl si |l yl ene- bi s(2-phenyl -4-phenyl -1- 10
i'ndenyl ) zi rconi um di chl ori de,

rac- Di net hyl si |l yl ene- bi s(2-n-propyl -4-phenyl - 1- i ndenyl ) zi rconi um
di chl ori de, rac-Di et hyI si | plsene- bi s(2- met hyl - 4- phenyl -

I ndenyl ) zi rconi um di chl ori de,

rac-Di - (i-pr [ e-Di e 1 medgpyl zirconi um
di chl ori de ERbat! é&’é@ Ip Jg %xﬁ'ih@é )eél le g%!émblls%Z rretlihyl 4&p enyl -

'ndeny|)z'r08féuéﬁéhca” dﬁB&en atom or an alkyl ro hav1n 1tob
rac- Di cycl ohexyl si | yl er}g{ bi s(2- met hyl - 4- phenk1v g | ndegnyl ) zi rconi um

dichl oride, carbon atomd ,a(R%&BYEﬁhéﬂui/Eiéﬂé@Qréﬂﬁ(gz Amebhyl c4rpbgny! -
i ndenyl ) zi rconi um di chl ori de,
atoms. In the general formula (3a) or (4a), £ is an

5 integer of from 0 to 5, g is an integer of from 1 to 6, R1,
ﬁz, R5, R® and R7 are each a hydrogen atom or an alkyl group
having 1 to 5 carbon atoms, R® is an alkyl group having 1
to 5 carbon atoms, and R9 is an alkyl group having 1 to 5
carbon atoms. In the general formula (5a) or (62), £, g,

10 R7 and R® are as defined in the general formula (3a) or
(4a) . Preferable definitions of R7 and R® are the same as
in the general formula (IV-a) or (V-a). R? is a hydrogen
atom or an alkyl group having 1 to 5 carbon atomsg,
preferably having 1 to 3 carbon atoms.

15 Specific examples of the hon—conjugated triene or
tetraene represented by the above-described general formula
(IV-a) include the following compounds. Of these
compounds, compounds (5), (&), (9), (11}, (14), (19) and
(20) are preferred.

20
(1)

. H
H3C=CH~CH,;—C—CHj —CH=<
il

CH;
CH (CH3)

4-ethylidene-1, 6-octadiene

(2)

CH
HgC-CH—CHz—C—-CHg —CH= < 3

25 CH(CH3)



rac- Di phenyl sil yl ene-bi s(2-net hyl - 4- phenyl - 1- I ndenyl ) zi rconi um
dichloride, 25 rac-Di (p-tolyl)silyl ene-bis(2-nethyl-4-phenyl-1-
i'ndenyl ) zi rconi um di chl ori de,

rac- Di (p-chl orophenyl)silyl ene-bi s(2-nethyl -4-phenyl -

1-indenyl ) zirconiumdichl oride, 26 79
rac- Met hyl ene- bi s(2- net hyl - 4- phenyl - 1- I ndenyl ) zi rconi um di chl ori de,
rac- Et hyl ene7 bhaf Ry 1ot hed indt isheeiadl-, 5~badaaykh&i r coni um di chl ori de,
5 rac- Di met hyl ger nyl ene- bi s(2- net hyl - 4- phenyl - 1-
(3)
CH,

H,C=CH-CH,—C—CH,-CH={

1l C3Hs
CH (CH3)

7-methyl-4-ethylidene-1, 6-nonadiene

5 (4)

CoHg
HoC=CH—CH;~—C-—CH,~CH=

I C2Hs
CH{CH;)

7-ethyl-4-ethylidene-1, 6-nonadiene

(5)

CH;
HyC=CH~CH;—~C—~CH,-C (CH;3) =<
I CH;
CH (CH3)

10 6,7—dimethyl—4—ethylidene—l,6—octadiené

(6)

CH;
H2C=CH—CH;—C—CH3-C (CH3) =

] CoHg
CH(CH;)

6,7-dimethyl-4-ethylidene-1, 6-nonadiene

(7)

H
HyC=CH—CH;—C—CH; —CH=<
H] CH,CH,CH;
15 CH (CH;3)

4-ethylidene-1, 6-decadiene

(8)



i ndeny! ) zi r coni um di chl ori de,

rac- Di net hyl st annyl ene- bi s(2- net hyl - 4- phenyl - 1- i ndenyl ) zi rconi um
ditchl ori de, rac- Di met hyl si | yl ene- bi s(2- et hyl - 4-phenyl -1- 10
i ndenyl ) zi rconi um di br om de,

rac- Di net hyl si |l yl ene- bi s(2- net hyl - 4- phenyl - 1- i ndenyl ) zi rconi um

di net hyl , rac- Di net hyl si |l yl ene- bi s(2-net hyl - 4- phenyl - 1-

i ndenyl ) zi rconi um net hyl chl ori de, éﬁ%}

rac- Di et hyl syl ytemech)-s(-CHECHEC 4- pheny] - 1- i ndenyl ) zi rconi um
chloride S err] M, andli CH,CH,CHa

rac- D met hyl si | yl ene- bi €g2Cligd hyl - 4- phenyl - 1- i ndenyl ) zi rconi um

chloride OGS err . . . Al 5o _enmployable in the invention are
transition ne%é?éggiﬁ’QRﬁﬁﬂﬁﬁﬁﬂ?qﬁﬁérérﬁgfﬁﬁégﬁsun1is replaced with titanium

met al or hafniumnetal in the above-nenti oned conpounds.
) (9)

CH;
. H,C=CH—CH,;—C—CH;~-C (CH2CH,CH3) =<
i I CH;
CH(CH3)

5 7-methyl-6-propyl-4-ethylidene-1,6-octadiene

(10)

H
H, C=CH—CH2—C—CH2CH2-CH=<
I CH;
CH (CH3)

4-ethylidene-1, 7-nonadiene

(11)

- CH;
H,C=CH~CH;—C—CH,CH; —CH=<
i CH

3
10 CH (CHs)

8-methyl-4-ethylidene-1, 7-nonadiene (EMN)

(12)

H
Hy C=CH—CH2—C—CH2CH2-CH=< s
1 CH,CH,CHaA
CH (CH3)

4-ethylidene-1, 7-undecadiene

15 (13)

CH;
H;C=CH—CH;—C—CH,CH; -CH=< .
It CH;CH,CHz;
CH(CH3) :

8-methyl-4-ethylidene-1, 7-undecadiene



The transition netal conpounds represented by the formula (D) can be
prepared in accordance with "Journal of Organonetal lic Chem ",
288(1985), pp. 63-67, and European 25 Patent Publication No. 0, 320, 762
(specification and exanpl es), for exanple, in the follow ng manner.
2H err]Rlerr] + 2-butyl-Li ---> 2HR{ erphlLi [err]

80 HR[err]-Y-Rerr]H [err] LiR[err]-Y-Rerr]Li [err]
[err] (14)

CHj
HaC=CH—CH—C—~CH,CH;-C (CH3) =< :
I CH

3
CH(CH3)

7,8~-dimethyl-4-ethylidene-1, 7-nonadiene

(15)

CHj3

H2C=CH-CH2—C—‘CH2CH2 -C (CH3 ) =<
I CyHs

5 CH(CH;3) '
7,8-dimethyl-4-ethylidene-1, 7-decadiene

(16)

CH,
Hy C=CH—CH,—C—CH,CH, ~C (CH;) =<

I CH,CH,CHa
CH (CH3)

7,8-dimethyl-4-ethylidene-1, 7-undecadiene,

10 (17)
CH3
HyC=CH—~CH;—C—CHCH,-C (CyHs) =<
]

CH,CH,CHa
CH(CHs)

8-methyl-7-ethyl-4-ethylidene-1, 7-undecadiene

(18)

CaHs
HyC=CH—CH;—C—CH3CH»-C (CyHg) =
i C2Hs

CH(CH3)

15 7,8-dimethyl-4-ethylidene-1, 7-decadiene

(19)

CH;
HoC=CH—CH;—C—CH,;CH,;CH; —CH=<
! CHj3
CH (CHa,)

9-methyl-4-ethylidene-~-1, 8-decadiene



5 wherein Zis d, Br, | or o-tosyl, and Herr]Rerr] is
[err] The transition netal conpounds (D) are used
generally 10 in the formof racenic nodification, but they can be used
also in the formof R type or S type. In the present invention
conpound represented by the follg@ ng fornula (VI1) can be al so
enpl oyed as the net al | ocene conpound.

(20)

CH;
HyC=CH—CH;—C—CH;CH2CH;-C (CH3) =<
i CH;
CH (CHa,)

8,9-dimethyl-4-ethylidene-1, 8-decadiene

(21)

il
5 . CH (CH3)

CH;
HoC=CH—CH>—C—CHCH,CH;CH; —CH=<
CHs

10-methyl-4-ethylidene-1, 9-undecadiene,
(22)

CH3
H;C=CH—CH,;—C—CHCH,CH,CH,;—C (CH3) =<
il CHs,
CH(CH3)

9,10-dimethyl-4-ethylidene-1, 9-undecadiene

10 (23)
.2 CHs
H2C=CH—CH2—C~CH2CH2CH2CH2CH2—CH=<
|| CH;
CH(CH;3)

1ll-methyl-4-ethylidene-1, 10-dodecadiene

(24)

CH
H,C=CH—CH,~C—CH,CH, CH,CH,CH,—C (CH3) =€

N CH;
CH (CHs)

15 10,11-dimethyl-4-ethylidene-1,10-dodecadiene

Specific examples of the non-conjugated triene or
tetraene represented by the above-described general formula
(V-a) include compounds in which a vinyl group of the

20 compounds exemplified as the non-conjugated triene or

a



lé Llerr]Merr] X err] (Vi)

wherein, Merr] is a netal of Goup 4 of the periodic table or a netal
of | ant hani de seri es; L[err] is a derivative of delocalization
[err] bond group and i nparts restraint geonetrical shape to the netal
Merr] active 20 site; and 30 81

the X's may be the sane or different, and are each hydr ogen, halogen,
a hydrocarbo f&%ﬁ eﬁ&h ugR,,0 hel 20
or Yess carbgﬁQHS| ﬁ%%ﬁ rggngéagﬂ¥n%%?d%?%ﬁ%ﬁégéegﬁyﬁapggneggi ﬁe conpounds

of the fornul @ M)l )is RuBLRLEAEed/ By a 5-norbornene-2-yl group.
In the present invention, the non-conjugated polyene
(iii)lis preferably a compound represented by the above-

5 described general formula (II-a), more preferably a
dompound represented by the above-described general formula
(IVv-a) or (v-a), ané particularly preferably a compound
represented by the above-described general formula (IV-a).

When the non-conjugated polyene (iii) is a non-

10 conjugated triene or tetraene represented by the above-
described general formula (II-a), the composition has
higher vulcanization rate, and a tire side wall and tire
tread obtained from the composition has excellent strength
property.

15 It is preferable that the non-conjugated polyene (iii)
is a non-conjugated triene oratetraene represented by the
above-described general formula (IV-a) from the viewpoints
of mechanical strength, thermal stability and low
temperature property, and when it is a non-conjugated

20 triene or tetraene represented by the above-described
general formula (IV-a), a tire side wall and tire tread
obtained from the composition are particularly excellent in
cold resistance, low temperature property and vulcanization
strength of vulcanized products.

25 The above-described non-conjugated triene or tetraene
may be a mixture.of a trans body and cis body or may be a

single trans body or a single cis body. The structural



-

conpounds represented by the following formula (VMII"). [err]

10 wherein Merr] is titanium zirconiumor hafnium X is the sane as

descri bed above; Cp is a substituted cycl opent adi enyl group which

is [err]- bonded to Merr] and has a substituent Z Zis

oxygen, sulfur, boron or an elenent og4Goup 14 15 of the periodic table

(e.g., silicon, germaniumor tin); Y is a ligand containing

ni trogen, PheSPREINSin OMY e bpeci £Fi¥%atiWn Woes@A8e limit the steric
structure.

These non-conjugated polyénes {(iii) may be used alone
or in combination of two or more kinds. For example, a
5 non-conjugated triene or tetraene represented by the above-
described general formula (II-a) or (III-a) may be used in
combination of two or more kinds, a non-conjugated tetraene
represented by the above-described general formula (la) and
a non-conjugated triene represented by the above-described

10 general formula (3a) or (5a) may be used in combination,
and a non-conjugated tetraene represented by the above-
described general formula (1@) and a non-conjugated triene
represented by the above-described general formula (4a) may
be used in combination.

15 Structure of -a non-conjugated triene or tetraene can
be determined by measuring mass spectrum, infrared
absorption spectrum, protone NMR spectrum and the like.

A non-conjugated triene or tetraene represented by the
above-described general formula (II-a) or (III-a) can be

20 prepared, for example, by convquigpally known methods as
disclosed in EP0691354A1 and WO096/20150.

Specifically, a vinyl-containing halogenated compound
(for example, halogenated allyl or halogenated vinyl) is
first reacted with metal Mg to prepare a Grignard reagent

25 (allyl-MgX or vinyl-MgX), then, this Grignard reagent is
reacted with a halogenated compound of a non-conjugated
double bond-containing hydrocarbon (for example,

halogenated geranyl) to produce a non-conjugated triene or



Z and Y may formtogether a condensed ring. Exanpl es of the
conpounds represented by the formula 20 (VII') include

(di nmet hyl (t-butyl am de) (tetranethyl-[err]-

cycl opent adi enyl ) si |l ane) titani um di chlgsi de and

((t-butylam de)(tetranmethyl-[err]-cycl opentadi enyl)-1, 2-

et hanedi yl ) tidanidandi e %E@%bﬂ%ed by the above-described general formula.

The netal | ocene conpoun
(II-a) or (INTehSr eBdouEh ad | Pehe-fDMRAURGeRbasent ed by the

conbi nati on.

s nmentioned above can be used singly or

formula (M1) or (VI1') contains a titaniumas a center 5 netal .

10

15

20

A non-conjugated triene or tetraene represented by the
above-described general formula (IV-a) can be prepared, for
example, by a method disclosed in Japanese Patent Laid-Open
Application (JP-A) No. Hei 6-154952 applied by the present
applicant, namely, it can be synthesized by reacting
ethylene with a conjugated diene compound represented by

the following general formula (IV-a’') or (IV-a'').

=[5 / AT
H2C=CH-CH2— \ c c R’
Ry/ R
f g (IvV-a)
R’ R®"
I ]
Hz(f =C - (CHz)f - (CHz)g -C=C- R9
CH
" (Iv-a")
CH?
In the general formulae (IV-a‘) and (IV-a''), £, g,

Rl, R2 and R> to RY are as defined in the general formulae
(IV-a).

Examples of non-conjugated diene compounds represented
by the general formulae (IV-a'') include the following
compounds.

3-methylene-1, 5-heptadiene, 6-methyl-3-methylene-1,5-
heptadiene, 6-methyl-3-methylene-1,5-octadiene, 6-ethyl-3-

methylene-1,5-octadiene, 5,6-dimethyl-3-methylene-1,5-

in
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O the above-nentioned various netall ocene conpounds, particularly

preferred is the netall ocene conpound represented by the formul a
(VI1) or (VI1"). The net al | ocene conpound can be used by being
10 supported on a particulate carrier. Exanpl es of the
particulate carriers include inorganigs carriers, such as SiJerr],
Alferr]Oerr], Blerr](Jerr], MO ZrJerr], CaO Tigerr], Zn0,

snQlerr], BaQuapaaloR: %‘%-Qiﬁﬁiﬁl’ﬁrlc?:f-ﬁ\b% §1eﬁ@JCb 8Soctadied®) Yiet hyl ene,
polypropylene pol y- 1- but ene, pol y- 4- net hy 1-pentene and a

styrene/ di vi ngtheneeeel cHpinddElene, Themethyl -3 PRethelbméel G riers can be

used singly or in conbination. Next, the organoal um num
oxy- conpoundnéha@jemnd §-heethyl-5-padipyilh(-methel enepb Bicherdtiaeii eney, m3t-he
met al | ocene catal ysts are described. 20 The or ganoal um num

oxy- conpoundme¢bhplemeayl be-eittdtbiene, 7-matbyilndxmeehybenerltiénal |y known or
a benzene-insol ubl e
octadiene, 3-methylene-1,6-decadiene, 7-methyl-3-methylene-
1,6-decadiene, 6,7-dimethyl-3-methylene-1,6-decadiene, 6,7-
dimethyl-3-methylene-1, 6-nonadiene, 6,7-dimethyl-3-
methylene—l,§-decadiene, 7-methyl-6~ethyl-3-methylene-1, 6-
| decadiene, 6,7-diethyl-3-methylene-1,6-nonadiene, 8-methyl-

10 3-methylene-1,7-nonadiene, 7,8-dimethyl-3-methylene-1,7-
nonadiene, 9-methyl-3-methylene-1,8-decadiene, 8,9-
dimethyl-3-methylene-1, 8-decadiene, 10-methyl-3-methylene-
1,9-undecadiene and 9,10-dimethyl-3-methylene-1,9-
undecadiene.

15 The reaction -of a conjugated diene compound with
ethylene is conducted, though; it varies depending on the
kind of the conjugated diene compound, at a temperature
usually of from 50 to 200°C, preferably from 70 to 150°C,
at an ethylene pressure of 0.049 to 9.8 Mpa (0.5 to 100

20 kgf/cm?, gage pressure), prefera?%X_O.SS to 9.8 Mpa (1 to
100 kgf/cm?, gage pressure), more preferably 0.49 to 6.9
Mpa (5 to 70 kgf/cm?, gage pressure), for 0.5 to 30 hours.
Ethylene may be added to a reaction vessel continuously or
intermittently.

25 This reaction may be conducted in an inert gas
atmosphere such as nitrogen and argon. Though this

reaction can be conducted without using a solvent, it can

also be conducted in the presence of an inert hydrocarbon



or ganoal um num oxy- conpound exenplified in Japanese Patent
Publ i cati on No. 78687/ 1990.

is specifically 25 represented by the follow ng formnul a:
Rl err]-Al-
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[err]

10

15

20

25

(OAl-)[err]- OALR err] |

Lai d- Open
The conventionally known al um noxane

R

wherein R is a hydeggarbon group, such as nethyl, ethyl,

type solvent such as hexane, heptane, octane, nonane,
decane, undecane, dodecane, tridecane, toluene, xylene and
the like.

In the above-described reaction, an intended non-
conjugated triene or tetraene is usually obtained in the
form of a mixture of a trans body and cis body, however,
one steric isomer may be obtained singularly. The mixture
can be sgparated into the trans body and the cis body by
distillation. Further, both bodies can be subjected to
polvmerization without separation. |

The reaction of a conjugated diene compound with
ethylene is usually conducted in the.presence of a
catalyst. Especially when this reaction is conducted in
the presence of a catalyst composed of a transition metal
compound and an organocalulminum compound, an intended non-
conjugated triene or tetraene.is efficiently obtained.

Further, the non-conjugated triene or tetraene
represented by the general formula {(IV-a) obtained as
described above is reacted with dicylopentadiene through
Diels-Alder reaction to obtain gwqu—conjugated triene or
tetraene represented by the general formula (V-a).

Examples of other non-conjugated polyene than the

above-described non-conjugated triene or tetraene include

aliphatic non-conjugated dienes or alicyclic non-conjugated

dienes having one copolymerizable carbon-carbon double bond

in one molecule, non-conjugated dienes having two
copolymerizable carbon-carbon double bonds in one molecule,

and the like. These non-conjugated dienes can be used



propyl or butyl, preferably nethyl or ethyl, particularly 5 preferably
met hyl ; and mis an integer of 2 or nore, preferably an integer
of 5 to 40. The al um noxane may be forned from m xed

al kyl oxyal um num units consisting of al kyl oxyal um numunits 10
represented by the fornula (OQAl (Rlerr]3k and al kyl oxyal um num units
represented by the formula (OAl (Rl err])) (wherein R err] and R err]

are each the Wrﬁp%amn%@ea 8% €RsCHE iRskd Airls, or cepwiBkarr] and
Rlerr] are different fromeach other). The or ganoal um num

oXxy- conmpound Byh CEHY aibbve-SeRlc-ibé8 néfbushjedated dgatie oczontpawradnet
ot her netal than al um num Exanpl es of the ionizing ionic

conpounds i ncl udesExampldew s tae dboventiescoiiped nalkiphmrianecenpounds and
car bor ane conpounds. The Lewis acid is, for exanple, a
Conpound r eprestiiugated diene include 1,4-hexadiene, 1,5- -heptadiene,
5 1,6-ocatadiene, 1,7-nonadiene, 1,8-decadiene, 1,12-
tetradecadiene,
3-methyl-1,4-hexadiene, 4-methyl-1,4-hexadiene, 5-

methyl-1, 4-hexadiene, 4-ethyl-1,4-hexadiene, 3,3-dimethyl-

1,4-hexadiene,

10 5-methyl-1, 4-heptadiene, 5-ethyl-1,4-heptadiene, 5-
methyl-1,5-heptadiene, 6-methyl-1,5-heptadiene, 5-ethyl-
1,5-heptadiene,

4-methyl-1, 4-octadiene, S5-methyl-1,4-octadiene, 4-
ethyl-1,4-octadiene, 5-ethyl-1,4-octadiene, 5-methyl-1,5-

15 octadiene, 6-methyl-1,5-octadiene, 5-ethyl-1,5-octadiene,
6-ethyl-1,5-octadiene, 6—methylfl(6—octadiene, 7-methyl-
1, 6-octadiene, 6-ethyl-1,6-octadiene, 6-propyl-1,6-
octadiene, 6-butyl-1l,6-octadiene, 7-methyl-1,6-octadiene,

4-methyl-1, 4-nonadiene, 5-methyl-1,4-nonadiene, 4-

20 ethyli-1,4-nonadiene, 5-ethyl-1,4-nonadiene, 5-methyl-1,5-
nonadiene, 6-methyl-1,5-nonadiene, 5-ethyl-1,5-nonadiene,
6-ethyl-1,5-nonadiene, 6-methyl-1,6-nonadiene, 7-methyl-
1, 6-nonadiene, 6-ethyl-1, 6-nonadiene, 7-ethyl-1,6-
nonadiene, 7-methyl-1,7-nonadiene, 8-methyl-1,7-nonadiene,

25 7-ethyl-1,7-nonadiene,

5-methyl-1,4-decadiene, 5-ethyl-1,4-decadiene, 5-
methyl-1, 5-decadiene, 6—methyl-1,5—décadiene, 5-ethyl-1,5-

decadiene, 6-ethyl-1,5-decadiene, 6-methyl-1,6-decadiene,



20 by the fornmula BR3 (where each R is a phenyl group which may have
a substituent such as fluorine, nethyl or trifluoronethyl, or a
flruori ne atom. Exanples of such conmpounds include trifluoroboron,

tri phenyl boron, tris(4- f | uor ophenyl ) bor on, -
tris(3,5-difluorophenyl)boron, tris(4-3625 fluoromnethylphenyl)boron,
tris(pentafl uorophenyl) boron, 84

tris(p-tolyl) 5%§ﬁkﬁffjéﬁa%b%%hghéggzgﬂ?@ﬂgllijig&%é%diene, 7-ethyl-1,6-

di met hyl phenyl) npl es” of the 1onic conpounds include

trialkyl-  gecaiisid ! Ui gl cRPT0RI H0nSahE Send) N-mili@lky13ni-bebbaiesal t s,

5 di al kyl ammonium salts and tri aryl phosphoni um salts.
7-ethyl-1,7-decadiene, 8-ethyl-1,7-decadiene, 8-methyl-1,8-
decadiene, 9—methy1—ir8—decadiene, 8-ethyl-1, 8-decadiene,

5 6-methyl-1, 6-undecadiene, 9-methyl-1,8-undecadiene,
and the like. Of the compounds, 7-methyl-1,6-octadiene and
the like are preferred. These may be used alone or in
combination of two or more kinds.

Exampies of the above-described alicyclic non-

10 conjugated diene include 5-ethylidene-2-norbornene, 5-
propylidene-2-norbornene, 5-butylidene-2-norbornene, 2-
methyl-2,5-norbornadiene, 2-ethyl-2,5-norbornadiene and the
like. Of these compounds, 5-ethylidene-2-norbornene is
preferred. These may be used alone or in combination of

15 two or more kinds.

Examples of the above—de;c:ibed non-conjugated diene
having two carbon-carbon double bonds in one molecule
include 5-alkenyl-2-norbornenes such as 5-vinyl-2-
norbornene, 5-allyl-2-norbornene and the like; alicyclic

20 dienes such as 2,S—norbornadiengL~§icyclopentadiene,
norbornadiene, tetracyclo[4.4.0.12.5,17.10]deca-3,8-diene
and the like; «,®-dienes such as 1,7-octadiene, 1,3-
decadiene, and the like. Of these compounds, 5-alkenyl-2-
norbornenes, dicyclopentadiene, 2,5-norbornadiene, 1,7-

25 octadiene, 1,9-decadiene and the like are preferred, and 5-
vinyl-2-norbornene is particularly preferred. These may be

used alone or in combination of two or more kinds.



Particul ar exanples of the trial kyl-substituted amoni um salts
I ncl ude triethyl ammoni unt etra(phenyl ) boron,

tti propyl anmoni unt et ra( phenyl ) boron and tri (n-

but yl ) anmoni unt et r a( phenyl ) boron. Particul ar exanples of 10 the
di al kyl ammoni um salts i nclude di (1- 7
propyl)annnniuntetra(pentafluoropheny?)boron and

d|cyclohexylannoniﬂnkﬁéh§%§$ TP R oTel on”Ahip6pgﬁ%8¥?PgﬁlgsthyE)5#4“3I oni c

conmpounds are carbeniuntetrakis uor ophen orat e,

N, N 15 di HShhMbﬁ?béétE‘é&”E&Méﬂ‘é 51(90%”&1%?1' HQﬁ?HQQE&J&)@P{éﬁé &hd

ferroceni unt etraki s{pent af 'uorophenyl ) bor at e. Exanpl es of the
borane conpodadgakbné! g66m the wiRGHIIMREObrocessability

bi s[tri(n-butyl)ammoni um nonabor at e,

bi s[tri (n-but{ylh)aambzatidrecatmr alre] sanéngaht afoér metihddn za 2ibn,bahane

ani‘ons such as bis[tri(n-

but yl ) am¥oni thibnei dooeiais/ited gedosmealicr at epn-conjugated triene or
tetraene represented by the above-described general formula
{({II-a) or (III-a) from the above-described two viewpoints,
and further that the non-conjugated polyene is a non-
conjugated triene or tetraeﬁe represented by the above-

10 described general formula (IV-a) or (V-a). Further, it is
preferable that the non-conjugated polyene is a non-
conjugated triene or tetraene represented by the above-
described general formula (V-a) from the viewpoints of cold
resistance, low temperature property and mechanical

15 strength.
(iv) o-olefin having 3 or more carbon atoms

Specific examples of the o-olefin having 3 or more
carbon atoms (iv) include oO-olefins having 3 to 20 carbon
atoms such as propvlene, l-butene, l-pentene, l-hexene, 3-

20 methyl-1-butene, 3—methy1—1—pen;§g§, 3-ethyl-l-pentene, 4-
methyl-1l-pentene, 4-methyl-1l-hexene, 4,4-dimethyl-l-hexene,
4,4-dimethyl-1-pentene, 4-ethyl-l-hexene, 3-ethyl-l-hexene,
l-octene, l-decene, l-dodecene, l-tetradecene, 1-
hexadecene, l-octadecene, l-eicocene and the like.

25 For the unsaturated olefin copolymer (A), oO-olefins
having 4 or more carbon atoms among them are preferred, and
l-butene, l-hexene, l-octene, l-decene are particularly

preferred.



ni ckel ate(l11).

Exanpl es of the carborane conpounds include 4-

car banonaborane(14), 1, 3-di carbanonaborane(13), and salts 25 of netallic
car borane ani ons such as bis[tri(n-

but yl ) anmoni um bi s(undecahydri do- 7-

85
singly or

i n conbi nati on.

The ionizing ionic conp@@ds nenti oned above can be

ionizing ionic For €REPOSHEGHETdE J1SFd DY-oboilHHiesUPROY | 6sk&i 1diRe,

aforesai d

10

15

20

25

5 particulate carrier.
l1-butene, l-hexene, 4-methyl-l-pentene, l-octene and 1-

decene are preferred among them.

fhese o~olefins can be used alone or in combination of
two or more kinds.

The unsaturated olefin copolymer (A) and unsaturated
olefin copolymer (A') used in the present invention can
contain other copolymerizable monomers in addition to the
above-described monomers in a range not prejudicial to the
object of the present invention.

The unsaturated olefin copolymer (A} and unsaturated
olefin copolymer (A') are a copolymer in which constituent
units derived from ethylene (i), constituent units derived
from an aromatic vinyl compound (ii) and constituent units
derived from a non-conjugated polyene (iii) are randomly
arranged and bonded, a branch structure derived from the
non-conjugated polyene (iii) is contained, and the main
chain has substantially 1inér structure, or a copolymer in
which constituent units derived from ethylene (i),
constituent units derived from an aromatic vinyl compound

(ii), constituent units derived from a non-conjugated
polvene (iii) and constituent units derived from an o-
olefin having 3 or more carbon atoms (iv) are randomly
arranged and bonded, a branch structure derived from the
non—conjugafed polyene (iii) is contained. The fact that
this copolymer has a substantially linear structure and
contains substantially no gell crosslinked polymer can be

confirmed by the fact that the copolymer is dissolved in an

car baundecabor at e) ni ckel ate(1V).

used

The or ganoal um num oxy- conpound or the



In the preparation of the catalyst, the above- ment i oned
or ganoal um num conpounds for formng the titanium catal yst may be used
t dget her with the organoal um num oxy- conmpound or the ionizing ionic

conmpound. 10

The unsaturated ol efin copolynmers (A and (A")

enpl oyable in the invention can be usupyly obtained by copol yneri zi ng

et hyl ene (i),

an aromatic vinyl conpound (ii1) and a non-conjugated

pol yene ("')ofﬁ&ﬁld'%oﬂ%%ﬁ%sﬁﬁ& containéﬂbﬁbéﬁéﬂﬂfélﬁpy%o'En&gfuﬂigsence of

t he above catalyst for 15 olefin po

ymeri zation hi's case

hydr ocar bon rfligélent. TkScHANBEALbNFUSREN, Dtr akaanlel LY FRY Bhse be

used as the

medi um The copol yneri zation can also be perfornmed by any

met hod, such wmtbaheh copblignieandls cotipletosly rEidulved in decalafica®f
perforn1ng the gopol ynerization by using the batch 20 nmethod, the above
catalyst i s UskCi vhemethe| fnwrinpic V1S99$@¢Ntdaﬂlaﬁ measured.

5

In the unsaturated olefin copolymer (A) used in the

rubber composition for a tire side wall, it is desirable

that the molar ratio [(1i)/(iv)] of constituent units

derived from ethylene (i) to constituent units derived from

the 0-olefin having 3 or more carbon atoms (iv) is in the

10 range from 100/0 to 40/60, preferably from 95/5 to 55/45,

more preferably from 90/10 to 60/40, and further preferably

from 80/20 to 60/40, and the molar ratio [((i)+(iv))/(ii)]

of the sum of constituent units derived from ethylene (i)

and constituent units derived from the oa-olefin having 3 or

15 more carbon atoms -(iv) to constituent units derived from

the aromatic vinyl compound (ii} is in the range from 98/2

to 60/40, preferably from 97/3 to 70/30, and more

preferably from 96/4 to 80/20.

When the molar ratio [{(1)/(iv)] of constituent units

20 derived from ethylene (i) to constituent units derived from

the o-olefin having 3 or more carbon atoms (iv) is within

the range from 95/5 to 55/45, a tire side wall obtained .

from the rubber composition for tire side wall of the

present invention is excellent in low temperature property.

25 Further, when the ratio of constituent units derived from

an aromatic vinyl compound (ii) is less than the above-

described range, a tire side wall obtained from the rubber

composition for tire side wall of the present invention may



When a titanium catal yst conprising a solid titanium cat al yst

solid titani
about 0.001
of titanium
t he organoal

conponent and an organoal um num conpound i s used as the catal yst, the
um cat al yst conponent is 25 wused in an anount of usually
to 1.0 mmol, preferably about 0.005 to 0.5 mml, in terns.

atom per liter of thggpolynerization volune. Furthernore,

um num conpound is used in an anount of usually

86 ab QdfmekOi ey @%O*E'f'erl%eiﬁré@ifé{tgﬁ f%?&%ﬁ&' HRRainge! al

atomin the organoal um num conpound per
solid titanixyBicaalast vaeraensat reﬂ\b@ﬂa@@e, and i egld othdenganis used,

Is used in an anount of usually

10

15

20

25

when the ratio of the constitutent units derived from an

aromatic vinyl compound (ii) is over the above-described

range, the tire side wall may sometimes be inferior in
Istrength property, low temperature property and the like.

In the unsaturated olefin copolvmer (A), it is
desirable that the content of constituent units derived
from a non—cohjugated polyene (iii) is usually from 0.01 to
30% by mol, preferably from 0.05 to 25% by mol, more
preferably from 0.1 to 20% by mol.

Further, it is desirable that the iodine number of the
unsaturated olefin copolymer (A) is usually from 10 to 50,
preferably from 15 to 40, more preferably from 20 to 35.
When the iodine number of the unsaturated olefin bopolymer
(A) is within the above-described range, the rubber
composition for a tire side wall has high vulcanization
rate and the resulted tire side wall has excellent thermal
resistance.

It is desirable that the uqﬁqurated olefin copolymer
(A) has an intrinsic viscosity [1n] measured in decalin at
135°C is within the range of usually from 1.0 to 6.0 dl/g,
preferably from 2.0 to 5.5 dl/g, more preferably from 3.0
to 5.0 dl/g. When the intrinsic viscosity [M] of the
unsaturated olefin copolymer (a) is within the above-
described range, the copolymer (A) is excellent in kneading
property with the diene rubber (B), and the resulted tire

side wall is excellent in strength property.

titani um atomin the

it



&

5 about 0.001 to 10 nol, preferably about 0.01 to 2 nol,
preferably about 0.05 to 1 nol, per nol of netal ato

particularly
min the

or ganoal um num conpound. When a vanadi um cat al yst conprising a
sol ubl e vanadi um conpound and an organoal um num conmpound i s used as

the 10 catalyst, the concentration gff the sol ubl e vanadi

um conpound

in the polynerization systemis usually 0.01 to 5 mol , preferably

0.05 to 3 nmmol, peh théeaingdtided olefldl YERbILYALEO(AY O
vanadi um conpound is preferably fed in a concentrati

Ehe seRlrubl e
on of 10 tines or

| ess, 15 prifesabion,]l ito ik drafesabler ehpeeber bbayt lone® &f tthemolafr

the concentration of the sol ubl e vanadi um conpound in the

pol ymer i zat i Bat 59 sek rrorHel Wiesdn GRILESi nthec drpbimeic svisepsity [Mlnaadnol ar

ratio (Al/V, alum numatomto vanadi um atomin the(g

system) of 2the hedine prutarisy withdn ghe abovendescpiks

ol yneri zation
rgzige, 3and 20.

5 more preferably two or more of them are within the above-

described ranges, and particularly, it is preferable that

all the molar ratio of constituent units, the intrinsic

viscosity [N] and the iodine number are within the above-

described ranges.

10 In the unsaturated olefin copolymer (A') used in the

rubber composition for a tire tread rubber, the

molar ratio

[(1)/(iv)] of constituent units derived from ethylene (i)

to constituent units derived from the a-olefin having 3 or

more carbon atoms (iv) is in the range of from 100/0 to

15 40/60, preferably -from 100/0 to 55/45, more preferably from

100/0 to 70/30, and particularly preferably from 100/0 to

90/10, and the molar ratio [((i)+(iv))/(ii)] of

constituent units derived from ethylene (i) and

the sum of

constituent

units derived from the a-olefin having 3 or more carbon

20 atoms (iv) to constituent units derived from the aromatic

vinyl compound (ii) is in the range of from 99/1 to 85/15,

preferably from 29/1 to 90/10, and particularly
from 99/1 to 95/5. When the molar ratio of the

constituent units derived from ethylene (i} and

preferably
sum of

constituent

25 units derived from the o-olefin having 3 or more carbon

atoms (iv) to constituent units derived from the aromatic

vinyl compound (ii) is within the above-described range,

the unsaturated olefin copolymer (A').excellent

in



The sol ubl e vanadi um conpound and or ganoal um num

fed after diluting wth the above

et hyl ene, a-olefin and

hydr ocar bon sol vent and/ or
non- conj ugat ed pol yene.

conpound are usually
liquid

In this case, the

sol ubl e vanadi um 25
concentrati on,

conpound is desirably diluted to the above
but the organoal ugpnum conpound is desirably fed after

adj usting to any concentrati on,

e.g. 50 times or

| ess of t he

concentrail(ﬁbdﬁaﬂﬂaﬁlp%E!@EP
87 When the neta

thabhQNaBYSLEHR resistance is obtained,
| ocene catalyst is used as the catalyst

t he netal | ocane

Re 1Yy, t BerRObYHREAE b biskheS e Dliemit in  Used in an

anmount of wusually 0.00005 to 0.1 mol,

10

15

20

mechanical strength and abrasion resistance is obtained.
The above—described molar ratios and the following moncomer
contents are obtained by measuring 13C-NMR spectra.

It is desirable that the content of the non-conjugated
polyene (iii) of the unsaturated olefin copolymer (A') is
from 9.01 to 30% by mol, preferably from 0.05 to 25% by
mol, and particularly preferably from 0.1 to 20%'by mol,
and the iodine number is from 1 to 50, preferably from 3 to
50, and particularly preferably from 5 to 40. These
characteristic values are criteria when the unsaturated
olefin copolymer (A') is wvulcanized using sulfur or a
peroxide.

When the non-conjugated polyene (iii) is represented
by the above-described general formula (IT-a) in these
unsaturated olefin copolymers (A) and (A'), the constituent
units derived from the non-conjugated triene or tetraene in

these copolymers (A) and (A') have a structure represented

by the following general formula (II-b)

~me-guy ) (PE) [
CH,/C— C——C=Crgq( € CR” = CR®R®
it
CH \RZ/ £ R%/ g

(II-b)



preferably 0.0001 to 0.05 mmol, per liter of the 5 polynerization vol une.
The or ganoal um num conpound i s used in anolar ratio (Al/M al um num
atom (Al) to transition nmetal atom (M in the netall ocene conpound)
of 1 to 10000, preferably 10 to 5000. The ionizing ionic
conpound is used in a molar ratio 10440f ionizing ionic conpound to

net al | ocene conpound (ioni zing ionic conpound/ netall ocene conpound)
of 0.5 1to r ef erabl itp 1 uni num
conmpound i s usedg& ‘1'9 e& @ d, k eonﬁzna%ennausntdeffm\ués%ﬁg Igﬁgbégﬁgggifo 5
mol , pref er alyaBbo gﬁ 0 to 2 mol, per liter of the polynerization
volunel en ethylene (i), an aromatic vinyl conmpound (ii) and
a non- conj ugat ed wRéY efige (hdnJcoiithgatiedgetseacy (ian) [ 88 I'fepresented ef i n
(iv) are copolynerized in the presence of a titanium catal yst, the
copol yner i zaby otheé salperd-alemct iledeyehbeal formula (III-a), the

5 constituent units derived from the non-conjugated triene or
tetraene in these unsaturated olefin copolymers (A) and

{(A') have a structure represented by the following general

formula (III-b)

10
R\ /R RY /R
':D—CHZ f :c <|:=|c g c:: CR’ = CR®R’®
CH R/ ¢ R¢/ ¢
CHs /p (III-b)
wherein p, g, £, g, R! to R9 are as defined in the general
formula (II-a). -
15 Further, when the non-conjugated polyene (iii) is

represented by the above-described general formula (IV-a),
the constituent units derived from the non-conjugated

triene or tetraene in these unsaéﬁrated olefin copolymers
(A} and (A') have a structure represented by the following

20 general formula (IV-b)

—(H,C - CHy- / RI\ /R5\ R’ R®
CH,— c c R®
CH\ / f \Ré/ g

CH3

(IV-b)



20 condltlons of a tenperature of usually -20 to +150[err]C,

preferably 0 to 120 C, nore preferably O to 100[err]C, and a pressure
of usually nore than 0 and not nore than 7.8 MPa (80 kgf/cn2, gauge
pressure), preferably nore than 0 and not nore than 4.9 MPa (50
kgf/cnR2, gauge pressure). 25 en ethylene (i), an aromatic vinyl
conpound (ii) and a non-conjugated polyene (iii) and, if necessary,
an a- olefin (iv) are copolynerized in the presence of a vanadi um
catal yst, the copolynerization is performed under the

88 conghbions Of & tmeRral uge Qf ABUald Yo alrifed 100l €&l C
preferably -30 to +80[err]C nore preferably -20 to +60[err]C, and

general formula (IV-a).
Further, when the non-conjugated polyene (iii) is
5 represented by the above-described general formula (V-a),
the constituent units derived from the non-conjugated
triene or tetraene in these unsaturated olefin copolymers
(A) and (A') have a structure represented by the following

general formula (V-b)

10
SN ATE
| | i {
@—CHZ——C ¢ lc C=C-R°
1
CH \Rz/ £ \R6/ g
I
CH; (V-b)
wherein £, g, R1 , R2, R6 to R9 are as defined in the
general formula (IV-a). '
15 Further, the non-conjugated triene or tetraene is

repregented by the above-described general formula (la),
{2a), (3a) or (4a), it is assumed that the constitutent
units derived from these monomers have respective
structures substantially represented by the following

20 general formula (1b), (2b), (3b) or (4b).

—EH,C-CH )— /Rl\\ /RS\ R’ R8
CHZ—C

- \ / \ c c ((:Hza—cR“’—(CR“)R‘2
2
CH RY ¢ g

CH,

(1b)



o

a- pressure of usually nore than 0 and not nore than 4.9 MPa (50
kgf/cnferr], gauge pressure), preferably nore than 0 and 5 not nore than
2.0 MPa (20 kgf/cnferr], gauge pressure). When et hylene (i), an
aromatic. vinyl conpound (ii) and a non-conjugated polyene (iii) and,

I f necessary, an [err]- olefin figv) are copolynerized in the presence
of a net al | ocene catal yst, the copol ynerization is perfornmed 10
under the conditions of a tenperature of usually -20 to 150[err] C,

preferably 0 to 120[err]C, no 1prefﬁg nyRQ ® 100[err]C, and a

pressure ofn$f§iLly nore tha nd oty noj'e Than 80 kgf/ cnt,

preferably hen, L £h 58 - - kgf (M £rERIR 15

Et hyl ene (i), an aroﬁauic Vi ;F orpouryd (?i)CaS%Ha%fbﬁ gg;g%njugated
RY/ an\Réplefin (iv) are fed to the

polyene (iii) and, if rM&dess
pol ymeri zation systemil such amounts t hat the unsaturat @bl efin
copol ymer (A) or unsat (s ed

. —¢H,C-CH 3~ / Rl\ / RS\ R’ R®
n |
CH,—C C C

| |
I | i C=C-®R’
CH \R2/ f \Rs/ g

CH,4 (3)
5
EANOATNY
i i | |
p:L CH,~C c ¢ C=C-R°
(I:H \Rz/ f \.Rs/ g
CH; (4b)

The fact that the constitugnt units derived from the
non-conjugated polyene (iii) ﬁave the above-described
10 structures in the unsaturated olefin copolymers (A) and
(a') can be confirmed by measuring.13C—NMR spectra of the
copolymer.
Production of unsaturated olefih copolvmers (A) and (A')
The unsaturated olefin copolymers (A) and (A') as
15 described above can be obtained by copolymerization of
ethylene (i), an aromatic vinyl compound (ii) and a non-
conjugated polyene (iii), and optionélly an o-olefin having
3 or more carbon atoms (iv), in the presence of a catalyst

for olefin polymerization.



al efin copolynmer (A) having a specific conmposition as 20 described above
can be obtained. |In the copol ynerization, a nol ecul ar wei ght

nodi fi er such as hydrogen can al so be used. When t he
ethylene (i), aromatic vinyl conmpound (ii) and non-conj ugat ed pol yene
(iii) and, if necessary, [err]- 25 pgefin (iv) are copolynerized as
descri bed above, the unsaturated ol efin copolyner (A) or unsaturated

Ot g« ne AL (AL SUsEl Y I s AT cathiger

89 NOldBpIERld e (RHCREBYMBRNA: % tHRHIRAW #eed10k8Eh Nas
vanadium, zirconium, titanium and the like and (b) an
organcalulminum compound {(organcalulminum-oxy compound)

5 and/or an ionizing ionic compound, and the like can be
used. Specifically, (1) a titanium catalyst composed of a
solid titanium catalyst component and an organocalulminum
compound, (2) a vanadium catalyst composed of a soluble
vanadium compound and an organocalulminum compound, (3) a

10 metallocene catalyst composed of a metallocene compound of
transition metal selected from Group IV of Periodic Table
and an organoalulminum oxy compound and/or an ionizing
ionic compound, and the like. Of these, a metallocene
catalyst is particularly preferable. The metallocene

15 catalyst has high activity, and the resulting unsaturated
olefin copolymers (A) and (A') have a narrow molecular
weight distribution and a narrow composition distribution,
and further, the catalyst has high conversion of the
aromatic vinyl compound (ii) and the non-conjugated polyene

20 (did). .

The above~-described titanium catalyst component can be
prepared by contacting a titanium compound, magnesium
compound and electron donor as described below. As the
titanium compound, a trivalent titanium compound or

25 tetravalent titanium compound is used, and the tetravalent
titanium compound is preferable. The tetravalent titanium
compounds include, for example, those compound represented

by Ti(OR)4X4-4 (R is a hydrocarbon group, X is a halogen



copolynmer (A) or (A). (B) Diene rubber 5
The di ene rubber (B) for use in the invention is a conventional diene
rubber, and exanpl es thereof include nat ural rubber (NR), isoprene
rubber (IR, st yrene/ but adi ene rubber (SBR), butadi ene rubber (BR),
chl oroprene rubber (CR) and acryl onityid e/ butadi ene rubber 10 (NBR) .

As the natural rubber (NR), natural rubber st andardi zed by "G een

Book™ (standgﬁgmof &tﬁgjggy on%hong theﬁ?2#¥g¥ EP%%yedgqgﬁﬁgbéH: nat ur al

rubber of varrous classes) gener y enp As the
| soprene rubpghrhlRng | SORIEN rdé%%hnﬁév'ﬁgré prefersREGdd ¢ gravity of

0.91 to 0.94 and a Mooney viscosity [M_[err](100[err]C] of 30 to 120
I's general | yrgtphiyPogenated titanifh,t BAGSHYECDEL DA B miTevredbak (SBR),
titanium tetrachloride.

5 A magnesium compound used for preparation of the solid
titanium catalyst component may be a magnesium compound
having reducing property, or may be a magnesium compound
having no reducing property. As the magnesium compound
having reducing property, a magnesium compound ha&ing

10 magnesium-carbon bond and magnesium-hydrogen bond, and the
like are mentioned. As the magnesium compound having no
reducing property, a compound derived from the above-
described magnesium compound having reducing property, a
compound derived when a catalyst component is prepared, and

15" the like can be used. A complex compound of this magnesium
compound with other metal, composite compound or a mixture
with other metal compound can also be used. The magnesium
compound may be a mixture of two or more kinds. As the
magnesium compound, a magnesium compound having no reducing

20 property is preferable, and a h@}ggen—containing magnesium
compound is further preferable, and particularly, magnesium
chloride, alkoxy magnesium chloride and aryloxy magnesium
chloride are preferred.

As the electron donor used for preparing a solid

25 titanium catalyst component, an organic carboxylate,
polyvalent carboxylate and the like are mentioned. The
solid catalyst component can be produced by contacting the

titanium compound, magnesium compound {or metal magnesium)



st&rene/butadiene rubber having a specific gravity of 0.91 20

and a Mooney viscosity [MJ]err](100C)] of 20 to 120

a specific gravity of 0.90 to 0.95 and a Mboney viscosity
[M[err] (100[err]C)] of 20 to 120 is gqurally enpl oyed.
di ene rubbers can be used singly or in
Ki nds.

to 0.98

I's generally
erpl oyed. As t he butadi ene rubber (BR), butadi ene rubber having

25

These

conbi nati on of two or nore

above

. 90 ok th
di ene rubber s,anpdr _eef:Le‘-:r’c<'§1-‘5lo3r/1 8‘888%?% descrlkl’%%parbeo%e t yggrr EEBS}‘SngyEH‘& good
bal ance of MechaiLdlitanium ShEEDFLE: cORNG e NAIHEAR UPRAELRBE kAGM €ne

r ubber .

methods for preparing a titanium catalyst component having

high activity from a titanium compound, magnesium compound

5 and electron donor. The above-described components may be

contacted in the presence of other reaction reagents such

as silicon, phosphorus, aluminum and the like.

As the above-described organocalulminum compound:

forming the above-described titanium catalyst, a compound

10 Thaving at least one Al-carbon bond in the molecule can be

used. As this compound, there are mentioned an

organocalulminum compound represented by the following

general formula (i)

(R1) pAl (OR2?) jH Xy (1),

15 wherein R! and R2 are each a hydrocarbon group having

usually from 1 to 15, preferably from 1 to 4 carbon atoms,

and they may be the same or different, X is an halogen

atom, m, n, p and ¢ are numbers satisfying the conditions

of 0<m<3, 0<n<3, 0<p<3, 0<g<3 and m+n+p+g=3.

20 Further, a complex alkyl compound composed of a Group

I metal and aluminum is also mentioned, and can be

represented by the following general formula (ii)

(M)Al (R1) (ii)

wherein M is Li, Na or K, and Rl is as defined in the

25 general formula (i).

For preparation of the titanium catalyst, an electron

donor can optionally be used. As such an electron donor,



(?3 Car bon bl ack 5 As the carbon black (C), carbon black generally

Used for tire side wall can be used in the invention w thout

specific limtation, and exanples thereof include SRF, GPF, FEF, HAF,
| SAF, SAF, FT and M. (D) Vul cani zi ng agent 10
The vul cani zi ng agent (D) enpl oyabl e hg t he invention Is, for

exanpl e, sulfur or a sul fur conpound. Exanpl es of sul fur include
powder ed sul f

‘o i pitated | fur, | | gi dal | fur,
PoUBT 2, U] s 1 B R S e SOMLD! B o o
the sulfur SOOI LOGNIRSYLh g cShLOL] dForsild U diclicoride and

hi gh- nol ecular €es. 50”%e |'e”are su
which rel gasegct),ve sul fur agiihe vul canizing tenperature to
vul cani ze the conposition such as norpholine disulfide,
SiRIR2,, (OR3) 3 - {iv)
5 In the general formula (iii), R and R' are each a

hydrocarbon group, n is a number satisfying O<n<4. In the
general formula (iv), R! is a cyclopentyl group or a
cyclopentyl group'having an alkyl group, R? is an alkyl
group, a cyclopentyl group or a cyclopentyl group having an
10 alkyl group, R3 is a hydrocarbon group, and m is a number
satisfying 0<m<L2.
As the cyclopentyl group R! having an alkyl group in
the above-described general formula (iv), 2-
methylcyclopentyl group, 3-methylcycleopentyl group, 2-
15 ethylcyclopentyl group, 2,3-dimethylcyclopentyl group and
the like are mentiocned.

In the catalyst component forming the titanium

catalyst, an O-olefin may be prepolymerized. In the

prepolymerization, it is desirable that the o-olefin is
20 prepolymerized in an amount of from 0.1 to 500 g,

preferably from 6.3 to 300 g, and particularly preferably

from 1 to 100 g per 1 g of the catalyst for olefin

polymerization. It is preferable that the

prepolymerization is conducted under mild conditions with
25 adding an olefin and the above-described catalyst

components to an inactive hydrocarbon medium. The o-olefin

used in the prepolymerization may be the same as or



i

20 al kyl phenol disul fide, tetramethylthiuram disulfide,
di pent anet hyl enet hi uram tetrasul fi de and sel eni um '

di met hyl di t hi ocar bonat e. O these, powdered sulfur is preferably
enpl oyed. An organic peroxide is also enployable as the 25

vul cani zi ng agent (D). Exanples of tlgg)organic peroxides I ncl ude

al kyl peroxi des, such as dicunyl peroxide, di-tert- butyl peroxide,

e DU RRLOXN SR an 01 SALA" AN BUY QBTYRNRs ALELLE 0K Y! 0T cuny
per oxi de, 2

2L o e A B AR o v

As the soluble vanadium compound forming the vanadium

. catalyst, vanadium compounds represented by the following
5 general formula (v) or (vi), and the like are mentioned.
VO(OR)aXp (v)
V(OR) c%g (vi)

In the general formulae (v) and (vi), R is a

hydrocarbon group, X is a halogen atom, and a, b, ¢ and d
10 are numbers respectively satisfying 0<a<3, 0<b<3, 2Za+b<3,
0<c<4, 0=d<4, 3=<c+d<4.

As the soluble vanadium compound, an electron donor
adduct of a soluble vanadium compound ocbtained by
contacting the both with each 6ther can also be used. As

15 the organocalulminum compound forming the vanadium catalyst,
the same compound as the organocalulminum compound forming
the titanium catalyst can be used.

The ﬁetallocene compound of transition metal selected
from Group IV of Periodic Table forming the metallocene

20 catalyst is specifically represented by the following
formala (VI).
Minl, (VI)
wherein Ml is a transition metal selected from Group IV of
Periodic Table, particularly, zirconium, titanium or
25 hafnium, x is a valence of the transition metal M!, and is
a number of ligands LI coordinated to the transition metal,

and



Z?Srdi(tert-butylperoxy)hexane, [err], [err]-bis(tert-butyl peroxy-m
| sopropyl ) benzene and tert-butyl hydroperoxide; peroxy 5 esters, such as

tert-butyl peroxyacetate, tert-butyl per oxyi sobutyrate, tert-butyl
per oxypi val ate, tert-butyl per oxynal eate, tert-butyl

per oxyneodecanoate, tert-butyl pgqoxybenzoate and di-tert-butyl
per oxypht hal ate; and ket one peroXides, such as dicycl ohexanone

ide. Th . ' [ d_si.nal.y. '
Eg;r‘g?(lnatei on. ese o lsoragg‘nilgf%ﬁieirgfgg %ﬁ?ﬁ%@dggr gﬁerté’g?fl Pl%%lé%ﬁe&?sl'havi ng a
. eor e Orge .
t enper at ”re’wﬂ‘éfgﬂcgﬁ: e deldyd g.ll &%yr ed; L h&ggféaﬂé P%ﬁ‘ln-gt a. mnute, of

130 to 200 [err for ‘exanple, per oxiI but yl
PO eyt o SR bt eI PR ke
hydr oper oxi de. Examples & e MRYairl31VHLG RG24 NGyEDSFE s 488 Rinyaned
above, sul fur or the sul fur conpound, especially sulfer, is
5 skeleton include cyclopentadienyl group, alkyl or
cycloalkyl substituted cyclopehtadienyl groups such as
methylcyclopentadienyl group, ethylcyclopentadienyl group,
n- or i- propylcyclopentadienyl group, n-, i-, sec- or t-
butylcyclopentadienyl group, dimethylcyclopentadienyl
10 group, methylpropylcyclopentadienyl group,
.methylbutylcyclopentadienyl group,
methylbenzylcyclopentadienyl group and the like, and
further, indenyl group, 4,5,6,7-tetrahydroindenyl group and
fluorenyl group and the like. The above-described group
15 having a cyclopentadienyl skeleton may be substituted by a
halogen atom, trialkylsilyl group or the like.
When the compound represented by the general formula
(VI) contains two or more groups having a cyclopentadienyl
skeleton as the ligand L!, two of the groups having a
20 cyclopentadienyl group may be connected via an alkylene
group such as ethylene, propylene and the like; a
substituted alkylene group such as isopropylidene or
diphenylmethylene and the like; a silylene group or a
substituted silvlene group such as dimethylsilylene group,
25 diphenylsilylene group, methylphenylsilylene group and the
like, to form a metallocene compound of bridge type.
As other ligand ! than the ligénd having a

cyclopentadienyl skeleton (ligand having no



pfeferabl e as the vul cani zi ng agent (D), because a rubber 20 conposition

for a tire side wall having excellent properties can be obtai ned.
Rubber conposition for tire side wall The rubber conposition for
tire side wall according to t he invention conprises the unsaturated
ol efin copolyner 25 (A), the diene5r bber (B), and optionally, carbon

bl ack (O and/ or the vul cani zi ng¥agent (D). In the rubber

conposi t1 0N o BPoEREl BlPH P hyaroBARBbTBEOLAL AMilSS deenly T ubber
in aratio [EAVAED)debis Wed B Plgre¥l80 594884 ¢0groups, sulfonic acid-
containing group (-SO3R2 wherein R2 is an alkyl group,
alkyl group substituted with a halogen atom, aryl group, or
5 aryl group substituted with a halogen atom or alkyl group),
halogen atoms or hydrogen atom and the like are mentioned.
As the hydrocarbon group having 1 toc 12 carbon atoms
(ligand L1), an alkyl group, cycloalkyl group, aryl group,
aralkyl group and the like are mentioned. More
10 specifically, alkyl groups such as methyl group, ethyl
group, n-propyl group, isopropvl group, n-butyl group,
isobutyl group, sec-butyl group, t-butyl group, pentyl
group, hexyl group, octyl group, decyl group, dodecyl group
and the like; cycloalkyl groups such as a cyclopentyl
15 group, cyclohexyl 'group and the like; aryl groups such as
phenyl group, tolyl group and the like; aralkyl groups such
as benzyl group, neophil group and the like, are mentioned.
As the alkoxy group (ligand L1l), methoxy group, ethoxy
group, n-propoxy group and the like are mentioned. As the
20 aryvloxy group, a phenoxy group and _the like are mentioned.
As the sulfonic acid-containing group (-SO3R23),
methanesulfonato group, p-tcoluenesulfonato group,
trifluoromethanesulfonato group, p-chlorobenzenesulfonato
group and the like are mentioned. As the halogen atom,
25 fluorine, chlorine, bromine, iodine and the like are
mentioned.
The metallocene compound represented by the general

formula (VI), where the valence of the transition metal is



preferably 20/80 to 70/30, nore preferably 20/80 to 60/ 40. The
carbon black (C) is used in an anount of usually 30 to 120 parts by
wei ght, preferably 40 to 100 parts by 5 weight, nore preferably 50 to 90
parts by wei ght, based on 100 parts by weight of the total anount of
t he unsaturated ol efin copol yrre?gA) and the di ene rubber (B).

When t he vul cani zing agent (D) is sulfur or the sulfur conpound, the

vul cani zi ng n |, Sq U ' ] 10 parts
by wei ght, p?g e%}é yl%.45' ts%dédd}é% pa??gagy%ym%?%ﬁ%%&g‘%gd%n]tﬂﬁo parts by

wei ght of theoldéaing %ene@m)%m@flat herupsat urated ol efin copol ymer (A)

and t he - di ene rubber (B). When t he vul cani zi ng agent (D)
is an organi c RRHRAGRSMES the(volani zing agent (D) is used in an anount
of usually 0.05 to 15 parts by weight, preferably 0.15 to 5 parts by

wei ght, based on 1fi0thargendmaleiaghtulel (Wi )t oMl iamn@urtamdition metal
5 as in the general formula (VI), R? is a group having a
cyclopentadienyl skeleton (ligand), R3, R4 and R5 are each
independently a group having cyclopentadienyl group or
having no cyclopentadienyl group (1ig§nd), k is an integer
of 1 or more, and k+l+min=4.

10 The metallocene compounds comprising two ligands
having a cyclopentadienyl skeleton in which M! is zirconium
are exemplified below.

bis{(cyclopentadienyl)zirconium monochloride
monohydride,

15 bis(cyclopentadienyl) zirconium dichloride,

bis(l—methyl—B—butylcyclqpentadienyl)zirconium
bis{trifluoromethanesulfonate),

bis (1, 3-dimethylcyvclopentadienyl) zirconium dichloride,

ethylene-bis (indenyl)dimethylzirconium,

20 ethylene—bis(indenyl)zirconig@_dichloride,

isopropylidene(cyclopentédienyl—fluorenyl)zirconium
dichloride,

diphenvlsilylene-bis (indenyl)zirconium dichloride,

methylphenylsilylene-bis (indenyl)zirconium dichloride,

25 rac-ethylene-bis (2-methyl-1-indenyl) zirconium
dichloride,

rac-dimetylsilylene-bis (2-methyl-1-indenyl)zirconium

dichloride,



the unsaturated ol efin copolymer (A) and the di ene rubber (B). 20

I f the anobunt of the unsaturated ol efin copolyner is I n the above
range, ozone crack hardly takes place in the tire side wall forned
fromthe resulting conposition and mechani cal strength hi gh enough
for tire can be maintained. 4If the carbon black (C) is used in
t he above-nentioned 25 anount, the ?lre side wall obtained fromthe
resul ting r ek, 0S4t J.an _has cel | i on resistance and
dynam c fatigue r%%?% %ﬁéﬁ?ﬁ 11§1éﬁe—%1s?ﬁ,9—d?ﬂétﬁ§{9f— 93

The rubber Cfﬁﬁ%ﬁ?ﬁféﬁkééﬂidﬁ @Ecﬁhgﬁiﬁﬁll according to
rac-dimetylsilylene—bis(2,4,7—trimethyl—1—
indenyl)zirconium dichloride,
5 rac-dimetylsilylene-bis (2,4, 6-trimethyl-1-
indenyl)zirconium dichloride,

rac-dimetylsilylene-bis (4-phenyl-1-indenyl)zirconium
dichloride,

rac-dimetylsilylene-bis (2-methyl-4-phenyl-1-

10 indenyl)zirconium dichloride,
rac-dimetylsilylene-bis (2-methyl-4- {¢-naphthyl)-1-
indenyl) zirconium dichloride,
rac-dimetylsilylene-bis (2-methyl-4- (p-naphthyl)-1-
indenyl) zirconium dichloride,
15 rac-dimetylsilylene-bis (2-methyl-4-(l-anthryl)-1-
indenyl) zirconium dichloride, and the like.

There can also be exemplified metallocene compounds
wherein in the above-described compounds, the zirconium
metal is replaced by titanium metal or hafnium metal.

20 As the metallocene compound of bridge type,
metallocene compounds represented by the following formula

[A] are mentioned.



tthe invention can be prepared by mixing the unsaturated olefin

copol yner

(A), the diene rubber (B), the carbon bl ack (C) and the

vul cani zi ng agent (D) in accordance with 5 a conventional m xi ng et hod
for rubber-like polyners, for exanpl e, using a mxer such as a
Banbury m xer. In the present iggention, various ingredients known as

r ubber

above- nention
of the preseg
i ngredients i

as finely

i ght, cal cium_.g

conpoundi ng i ngredients can be used in addition to the

snft?@ﬁqgaagents; rubber reinforcing agents,
ded silicic aci&?

waxes; binder Resilns; zinc oxide; antistatic agents; ozone crack

i nhi bitors; pradessi ng ass%stanng and

These conpoundiqg i hgredi 8nts l
2
. R :;4\6 (CR8R9)n

10

15

20

(A)

In the formula (A), M! represents a metal of Group IV
of Periodic Table, for example, titanium, zirconium and
hafnium.

Rl and R2 may be the same or different, and are each a
hydrogen atom, an alkyl group having from 1 to 10,
preferably from 1 to 3 carbon atoms, an alkoxy group having
from 1 to 10, preferably from 1 to 3_carbon atoms, an aryl
group having from 6 to 10, preferably from 6 to 8 carbon
atoms, an aryloxy group having from 6 to 10, preferably
ffom 6 to 8 éérbon atoms, an alkenyl group having from 2 to
10, preferably from 2 to 4 carbon atoms, an arylalkyl group
having from 7 to 40, preferably -7-to 10 carbon atoms, an
alkylaryl group having from 7 to 40, preferably from 7 to
12 carbon atoms, an arylalkenyl group having from 8 to 40,
preferably from 8 to 12 carbon atoms, or halogen atom,
preferably chlorine atom. |

R3 and R% may be the same or different, and are each a
hydrogen atom, a halogen atom, preferably fluorine atom,

chlorine atom or bromine atom, an alkyl group, which may be

onponents, within limts not prejudicial 10 to the object
venti on. Exanpl es of the rubber conpoundi ng

such

fillers, such as cal cium carbonate
nase heavy,|talc, clay and silica; 15 tackifiers;

vul cani zati on accel erators.



can be used singly or in conbination of two or nore kinds.

the softening agents, those generally used for 20 rubbers can be w dely

used. Exanpl es thereof include petrol eum type soften
as process oil, | ubricating oil, paraffin, |iquid par
asphalt and vaseline; coal tar type safgening agents, such
and coal tar pitch; fatty oil type softening 25 agents,

ano fat

As

ng agents, suc

h

affin, petrol eum

as coal
such as castor

ty acids and

O s, | 15eed1 R bochaPESSafldy b 1 cLARNUBLLaRif! Lrlhls fogf i ce:

waxes, such as eswax, car nauba wax “and

fatty acid sghtBon atom§PC£hE§&§i‘ﬁﬂBﬂﬁﬂH%v%%bdﬁrBﬁggiEbcl@FiﬁhefE¥dB¥9

st ear at e,

from 6 to 8 carbon atoms, -NR10;, -SR10, -0SiRrl03;, -giRr10;

or -PR10; group, where.R10 is a halogen atom, preferably

5 chlorine atom, or an alkyl group having from 1 to 10,

preferably from 1 to 3 carbon atoms, or an aryl

group

having from 6 to 10, preferably from 6 to 8 carbon atoms.

R3 and R? are particularly preferably a hydrogen atom.

R3 and R® may be the same or different, preferably the

10 same, and have the same definitions as for R3 and R%

providing that R®> and R® are not a hydrogen atom. RS and

R® are preferably an alkyl group, which may be halogenated,

having 1 to 4 carbon atoms, specifically, methyl group,

ethyl group, propyl group, isopropyl group, butyl group,

15 isobutyl group, trifluoromethyl group and the like, and

preferably a methyl group.

R7 is
r1l1 rllgll g1l
20 I | :
M-, 2-M2- ~M2—(CR213)-
I | ] |
Rl2 R12R12 Rlz
rl1 r11 r11
25 | | |
—o—n|42—o— . —?— , —o—n|42- ,
r12 r12 r12

30 =Brl, =alRY, -Ge-, -Sn-, -0-, -S-, =S0, =S0;, =NR, =CoO,

=PR11 or =P(0O)R!!, where R11l, R!2 and R!3 may be the same or

tar



cdl ciumstearate and zinc |laurate; and synthetic polyner material s,
such as petroleumresins, atactic pol ypropyl ene and counar one-i ndene
resins. O these, petroleumtype softening agents are preferably
used, and process oil is 5 particularly preferably used. The softening
agent can be used in an anount oézusually not nore than 150 parts by
wei ght, preferably not nore than 100 parts by wei ght, based on 100

b f f d ql efi
Doy " B L ol S8 A 8] rASgoen ac MM RLEY I
vul cani zati on ?ﬁgflﬂﬁrpr}ﬁae# Ltq_%m . suH)én rgflé}%g%n{:cim%uqu such

as N-cyclohexy Zot hi azo B de

N- oxydi et hyl e t bepszp ¢ i(%?a
N, N—d||soprop€ Thon a omsbenzohﬁiazokgfégk%eggﬁ%gﬁy P& thiazole
conpounds, susbuaisog:c @m&lﬁl #£68MC1 to 1o(é§3iaon atoms,

2-(2, 4- d|n|trophenyl)nercaptobenzot azole, 2-(2,6
5 preferably CF3 group, an aryl group having from 6 to 10,
preferably from 6 to 8 carbon atoms, a fluorocaryl group
having from 6 to 10 carbon atoms, pfeferably
pentafluorophenyl group, an alkoxy group having from 1 to
10, preferably from 1 to 4 carbon atoms, particularly
10 preferably methoxy group, an alkenyl group having from 2 to
10, preferably from 2 to 4 carbon atoms, an arylalkyl group
having from 7 to 40, preferably from 7 to 10 carbon atoms,
an arylalkenyl group having from 8 to 40, preferably from 8
to 12 carbon atoms, or an alkylaryl group having from 7 to
15 40, preferably from 7 to 12 carbon atoms, and R}l and R1Z2,
or R1l and R12 may form together with the carbon atoms to
which they are bonded a ring,
M2 is silicon, germanium or tin, preferably silicon or
germanium.
20 R? is preferably =CR!1R12, =girllr12, =GeRrl1R12, -0-,
-S-, =S0, =PR!l or =P(O)RLI. .
R8 and R? may be the same or different and have the
same definitions as for RI1.
m and n may be the same or different, and are each 0,
25 1 or 2, preferably 0 or 1, and m+n is 0, 1 or 2, preferably

0 or 1.



di et hyl - 4- mor phol i not hi 0) benzot hi azol e and di benzot hi azyl di sul fi de;
guani di ne conpounds, such as di phenyl guani dine, 20 triphenyl guanidi ne,
diorthonitril eguanidine, orthonitrile bi guani de and di phenyl guani di ne
pht hal at e; al dehyde am ne conpounds or al dehyde ammoni a
conmpounds, such as acetal dehyde-ani | i gg condensate,

but yl al dehyde-ani | i ne condensat e, hexanet hyl enetetramne 25 and

acet al dehyde ammFlgéticularly prefdB3%O 1S 14 3MRAUNESmpSteds S
2- mer capt oi m dazol I ne; _ o 95
t hi ourea conpguRdsyifyCth@Sabd\rcRiRMNHdad@onditions are represented

by the following formulae (i) to (iii).

rllgl2Cc | R? /\ | R? | R
,/ RG R12 _/RG R12 /RG
5 (i) (ii) (iii)

In the above formulas (i), (ii) and (iii), M! is Zr or
Hf, R! and R? are each methyl or chlorine, R5 and RS are
each methyl, ethyl or trifluoromethyl, and RS, R?, R10, Rl

10 and R!2 have the same definitibﬁs as described above.

Of the compounds represented by the formulae (i), (ii)
and (iii), the following compounds are particularly
preferable.

rac—dimetylmethylene-bis(iﬁaé;yl)zirconium dichloride,

15 rac-dimetylmethylene-bis (2-methyl-1-indenyl)zirconium
dichloride,

rac-diphenylmethylene-bis(2-methyl-1-indenyl) zirconium
dichloride,

rac-ethylene-bis(2-methyl-1-indenyl)zirconium

20 dichloride,



di et hyl t hi ourea, dubutylthiourea, trinethylthiourea and

di ort hot ol yl t hi our ea; t hi uram conpounds, such as
tetranethylthiuram 5 nonosulfide (TMIM, tetranethylthiuramdisulfide
(TMID), tetraet hyl thiuramdi sul fide, tetrabutylthiuramdisulfide
and di pent armet hyl enet hi uram tetrasul fgde (DPTT); dithio acid
salt conpounds, such as zinc di net hyl di t hi ocar bamate, zinc
diet hyl di t hi ocar bAJRl sndd i o 11 eflle= B3 U VIAL B OF AL RARIG 22
et hyl phenyl di t hi ocar barrnét eng st Q; e% nclgxt y*nphe?yl di t hi oca?b%rrat e,lu“'tsnodi um
di met hyl di t hgperdayad e, sel eni um di net hyl di t hi ocar bamat e and
tel lurium di net hyl di t hi ocar banat e; xant hat e conpounds, such as
zi nc di but yl xant hga€-daiethyllsilylene-8iBeR-RETRPUATISinda1BA )as reiond uwhi t €.
The vul cani zation accel erator can be used in an anount of 0.1 to 20
parts by weidghtetipyeferably 0.2 to 10 parts by

5 rac-ethylene-bis(2-methyl-l-indenyl)zirconium

dimethyl,

rac-phenyl (methyl)silylene-bis(2-methyl-1-
indenyl) zirconium dichlofide,
rac—diphenyl—silylene-bis(2—methf1—1—indenyl)zirconiﬁm
10 dichloride,
rac-methylethylene-bis (2-methyl-1-indenyl)zirconium
dichloride, and
rac-dimethylsilylene-bis (2-ethyl-1-indenyl) zirconium
dichloride. These metallocene. compounds can be produced by
15 conventionally known methods (see, for example, Japanese
Patent Laid-Open Application (JE—A) No. Heli 4-268307).
In the present invention, as the bridge type
metallocene compound, a transition metal compound
(metallocene compound) represented by the following formula

20 (B) can also be used.

2
Xl X
AN
R} g2 Mt gz R’
4
R4 R
Rl R!
5 RS
R 6



wei ght, based on 100 parts by weight of the total anopunt of | t he
unsaturated ol efin copolyner (A) and the diene rubber 20 (B)

For preparing a vul cani zed rubber (tire side wall) fromthe rubber
conposition for tire side wall according to the invention, the rubber
conposi ti on obtai ned as above is nol ded into a desired shape and then
vul cani zed. 25 There is no sﬂégific limtation on the process for

reparing the vul cani.zed. rubher. For_ex le, the . fol |Lowi n thod is
gnpﬁoyabge. In the formula (B), M& ?gpa tran31t1qa5metal atom of , 4

m xer such a&rc?upBadq%LlrJ’ %hrg )f)%rrioEiE].g nggyré%eegifically, titanium,
zirconium or hafnium.

Rl and R? may be the same or different, and are each

5  hydrogen, a halogen atom, a hydrocarbon group of 1 to 20
carbon atoms, a halogenated hydrocarbon group of 1 to 20
carbon atoms, a silicon-containing group, an oxygen-
containing group, a sulfur-containing group, a nitrogen-
containing group or a phosphorus-containing group.

10 Examples of the halogen atoms include fluorine,
chlorine, bromine and iodine.

Examples of the hydrécarbon groups of 1 to 20 carbon
atoms include alkyl groups, such as methyl, ethyl, propvl,
butyl, hexyl, cyclohexyl, octyl, nonyl, dodecyl, eicosyl,

15 norbornyl and adamantyl; alkenyl groups, such as vinyl,
propenyl and cyclohexenyl; arylalkyl groups, such as
benzyl, phenylethyl and phenvlpropyl; and aryl groups, such
as phenyl, toiyl, dimethylphenyl, trimethylphenyl,
ethylphenyl, propylphenyl, biphenyl, naphthyl,

20 methylnaphthyl, anthracenyl and phenanthryl.

Examples of the halogenated hydrocarbon groups include
the above-exemplified hydrocarbon groups which are
substituted with halogen atoms.

Examples of the silicon-containing groups include

25 monohydrocarbon-substituted silyls, such as methylsilyl and
phenylsilyl; dihydrocarbon-substituted silyls, such as
dimethylsilyl and diphenylsilyl; trihydrocarbon-substituted

silyls, such as trimethylsilyl, triethylsilyl,



ol efin copolynmer (A), the diene rubber (B), the carbon bl ack (C), and
I f necessary, other rubber conpoundi ng I ngredi ents are kneaded at a
tenperature of 80 to 170 [err]C 5 for a period of 3 to 10 m nutes. Then,
using rolls such as open rolls, the vulcanizing agent (D) and if
necessary the vul cani zati on acc Herator are added, and the m xture is
kneaded at a roll tenperature of 40 t® '80 [err]C for a period of 5to

20,5 LELLRUEE Oh L0 A RISRIG AT, <Al 7o corpounded

ded ' Bl . ded ls ' L f
oo ed RSt S BP0y SFELT € LSRG 0 logiel o0
Wi th th ix‘{%%ﬂt&ﬂ&glsil% LCUMRMNded LUbBET ni §rSehissh Auridtitited

tenperature o to 200 Terr]Cfor a period of 5 to 60 m nut es, or

after the nmokdipps, thecHidad indBg syl etheP} rOOULESh iR tatlegani zer
and heated at a tenperature of
5 alkyl groups, such as trimethylsilylmethyl; and silicon-
substituted aryl groups, such as trimethylsililphenyl.

Examples of the oxygen-containing groups include
hydroxy groups; alkoxy groups, such as methoxy, ethoxy,
propoxy and butoxy; arvloxy groups, such as phenoxy,

10 methylphenoxy, dimethylphenoxy and naphthoxy; and
aryvlalkoxy groups, such as phenylmethoxy and phenylethoxy.

Examples of the sulfur-containing groups include those
wherein oxygen is replaced with sulfur in the above-
exemplified oxygen-containing group.

15 Examples of the nitrogen-containing groups include
amino group; alkylamino groups, .such as methylamino,
dimethylamino, diethylamino, dipropylamino, dibutylamino
and dicyclohexylamino; and arvlamino or alkylarylamino
groups, such as phenylamino, diphenylamino, diteolylamino,

20 dinaphthylamino and methylphenylamino.

Examples of the phosphorus-containing groups include
phosphino groups; such as dimethylphosphino and
diphenylphosphino.

_ Of these, Rl is preferably a hydrocarbon group,

25 particularly preferably a hydrocarbon group of 1 to 3

carbon atoms (methyl, ethvl or propyl). R?2 is preferably

hydrogen or a hydrocarbon group, particularly preferably



150 to 200 [err]C for a period of 5 to 60 mnutes, to obtain a

vul cani zed rubber.

The vul cani zati on may be conducted 20 where a nold nmay

qQr may not be used. In case of using no nol d, the vul cani zati on
process is generally carried out continuously. For heating the

conpounded rubber
hot air, glass

electronagneﬁy&r

in the vul caniger, various heating nmeans, such as
bead fluidized bed, UHF (ultra high frequency 25

Jorrndl 1858V RRA g@gugaah)l €83 Réarbon at®mRl oyed.

The vul cani zed rubber thus obtained is excellent in vi br ati on- danpi ng
properties, wheERyl Oretigfl ajd Rropyl) . 97

R3, R%, R® and R® may be the same or different, and are

each hydrogen, a halogen atom, a hydrocarbon group of 1 to

5 20 carbon atoms or a halogenated hydrocarbon group of 1 to

20 carbon atoms. Of these, preferred is hydrogen, the

hydrocarbon group or the halogenated hydrocarbon group. At

least one combination of R3 and R4, R? and R5, or RS and RS

may form together with the carbon atoms to which they are

10 bonded a monocyclic aromatic ring.

When there are two or more hydrocarbon groups or

halogenated hydrocarbon groups, excluding the groups for

forming the aromatic ring, they may be bonded to each other

to form a ring. When R® is a substituent other than the

15 aromatic group, it is preferably hydrogen. Examples of the

halogen atoms, the hydrocarbon groups of 1 to 20 carbon

atoms and the halogenated hydrocarbon groups of 1 to 20

carbon atoms are those described for Rl and R2.

20 ring

As the ligand which contains a monocyclic arcmatic

formed by at least one comblnatlon of R3 and R%, R% and

R3, or RS and R®, as mentioned above, and is coordinated to

M!, there can be mentioned the following ones.

Regee-Nog

(1) (2)



properties and strength properties as well as in heat resi st ance,

weat hering resistance and dynam c fatigue resi st ance.

Rubber conposition for tire tread 5 The rubber conposition for tire
tread according to the i nvention conprises the unsaturated olefin
copol-ynmer (A") and the diene ruglger (B). The unsaturated olefin

copol yner (A") may be graft-nodified with a polar nononer. The
unsaturated ethyl gneckOno) WrRIrMhieeh 1isS 8kl L gARG1 $ipfesdftea (L BlNaT ter
referred to as "graft-nndl I ed unsat urat ed et hyl ene copolynmer (A )")
can be obt ai feeml)a t {18 reaction of the unsaturated ehyl ene copol yner
(A") with the polar nononer in the presence or absence of a radical
initiator. The aremdthie pdner mepndoRed, abyde anyy o uksrittaiteidng 15

et hyl eni cal |y unsaturated conpounds, ani no group-containing
et hyl eni cal | witinsathalaigsh edopouadbydepoaybon ogpewwrifailnitey 20 carbon

5 atoms or a halogenated hydrocarbon group of 1 to 20 carbon
atoms.

Examples of the halogen atoms, the hydrocarbon groups
of 1 to 20 carbon atoms and the halogenated hydrocarbon
groupé of 1 to 20 carbon atoms for substituting the

10 aromatic ring are those described for R! and R2.

Xl and X2 may be the same or different, and are each
hydrogen, a halogen atom, a hydrocarbon group of 1 to 20
carbon atoms, a halogenated hydrocarbon group of 1 to 20
carbon atoms, an oxygen-containing group or a sulfur-

15 containing group. -

Examples of the halogen gtpms, the hyvdrocarbon groups
of 1 to 20 carbon atoms, the halogenated hydrocarbon groups
of 1 to 20 carbon atoms and the oxygen-containing groups
are those described for R! and R2.

20 Examples of the sulfur-containing groups include those
described for R! and R?; and further sulfonato groups, such
as methyvlisulfonato, trifluoromethanesulfonato,
phenylsulfonato, benzylsulfonato, p-toluenesulfonato,
trimethylbenzenesulfonato, triisobutylbenzenesulfonato, p-

25 chlorobénzenesulfonato and pentafluorcbenzenesulfonato; and
sulfinato groups, such as methylsulfinato, phenylsulfinato,
benzylsulfinato, p-toluenesulfinato,

trimethylbenzenesulfinato and pentafluorobenzenesulfinato.



et hyl eni cal | y unsat urated conpounds, unsaturated carboxylic acids or

derivatives thereof, vinyl esters and vinyl chl oride can be

menti oned. 20 Exanpl es of the hydroxy group-containing
ethylenically unsat urated conpounds include (neth)acrylic acid esters,
such as hydroxyet hyl (neth)acryl ate, §4hydroxypropyl (meth)acryl ate,
3- hydroxypropyl (neth)acrylate, 2-hydrFoxy- 3 phenoxy pr opyl

ono( et 1) acr yi at b, * & EBERG R RS o ST R ATy A bk
;éhg?hggL?ggéy eaa dxm&%%ﬁé%%&%%%ﬁ%%%@%ﬁg?%? ?@&%E%, ﬁ%ngﬁhfle%g gl yco
carbon atoms, a divalent silicon-containing group, a
divalent germanium-containing group, a divalent tin-
5 containing group, -0-, -CO-, -$-, -SO-, -SO;~-, -NR7-,
-P(R7)-, -P(0)(R7)-, -BR’- or -AlR7-, where R’ is hydrogen,
a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms
or a halogenated hydrocarbon group of 1 to 20 carbon atoms.
Examples of the divalent hydrocarbon gréups of 1 to 20

10 carbon atoms include alkylene groups, such as methylene,
dimethylmethylene, 1,2-ethylene, dimethyl-1,2-ethylene,
1,3-trimethylene, 1,4-tetramethylene, 1,2-cyclohexvlene and
1,4-cyclohexylene, and arylalkylene groups, such as
diphenylmethylene and diphenyl-1,2-ethylene.

15 Examples'of the divalent halogenated hydrocarbon
groups include the above-mentioned divalent hydrocarbon
groups of 1 to 20 carbon atoms, which are halogenated, such
as chloromethylene.

Examples of the di&alent gsilicon-containing groups

20 include alkylsilylene, alkylarylsilylene and arylsilylene
groups, such as methylsilylene, dimethylsilylene,
diethylsilylene, di(n-propyl)silylene, di(i-propyl)
silylene, di(cyclohexyl)silylene, methylphenylsilylene,
diphenylsilylene, di(p-tolyl)silylene and di (p-

25 chlorophenyl)silylene; and alkyldisilylene,
alkylaryldisilylene and aryldisilylene groups, such as

tetramethyl-1,2-disilylene and tetraphenyl-1,2-disilylene.



98 nmono( net h) cryl ate and 2- (6-hydr oxyhexanoi | oxy) et hyl

acrylate; and further 10-undecene-1l-ol, 1l-octene-3-ol, 2- nmet hanol
nor bor nene, hydroxybutyl vinyl ether, N met hyl ol acryl am de,

2- (meth)acryl oi | oxyet hyl acid 5 phosphate, glycerol nonoacryl ether,

al 'yl al cohol, al I'yl oxyet hanol , g&- but ene- 1, 4-di ol and gl ycerol nono-
~al cohol . The am no group-containing ethylenicaly unsaturated

compounds are COMBAURIIRIEILORLYEN AR SLOKLATNAA ke d ndINSRLA ed

group and an ani no group, and Inc Ude vi ny mononer s contai ni ng at

| east one an Q@1 e SKHAEd WHLEiAMAicon isWFOPa&da thaH ePilailer th
the abova—mentioned divalent silicon-containing groﬁps.

Examples of the divalent tin-containing groups include

5 those wherein silicon is replaced with tin in the above-
mentioned divalent silicon—containing.groups.

R7 is a halogen atom, a hydrocarbon group of 1 to 20
carbon atoms or a halogenated hydrocarbon group of 1 to 20
carbon atoms, examples of which are those descfibed for R1

10 and R2.

Of the above groups, preferred are divalent silicon-
containing groups, divalent germanium-containing groups and
divalent tin-containing group, and more preferred are
divalent silicon-containing groups. Of these, particularly

185 preferred are alkylsilylene, alkylarylsilylene and
arylsilylene.

Listed below are examples of the transition metal

compounds represented by the formula (B).



15 wherein R err] is hydrogen atom nethyl group or ethyl group,

and R err] is hydrogen atom an al kyl group having 1 to 12, preferably
1 to 8, or a cycloal kyl group having 6 to 12, preferably 6 to 8. The
al kyl group and the cycloal kyl 20 group may have a substituent.

Exanpl es of the amino group-containi ngegthyl enically unsat ur at ed
conpounds include, specifically, vinyl am ne derivatives such as

am noet hyl (neth)acryl ate, pr opyl am noet hyl (nekh)acrylate,

di met hyl am noet hyl 25 et acrylate,xéniﬁﬁproprﬁmyl (mepg acryl ate,

phenyl am noet hyl nethaCéMJa e agg cycld ' met hacryl at e;
acryl am de derivatives ch}Q am

Rl R2 RS R6 R8 RY Rr10 RIL Y x1i x2 M

H H H H H H H H SiMej Cl Cl Zr
CHj H H H H H H H SiMej Cl Cl = Zr
CH3 H H H H H H H SiMePh Cl Cl Zr
CH;3 H H H H H H H SiPhj Cl cl ir
CH> H H H H H H H Si(p-tolyl)y Cl Ccl i of
CH3 H H H H H H H Si(pClPh); C1 cl Zr
CH3 H H H H H H H CaHs clL c1 Zr
CH; H H H H H H H GeMej Ccl cl ir
CH3 H H H H H H H SnMe; Cl Cl1  Zr
CH3 H H H H H H H SiMe; Br Br Zr
CH3; H H H H H H  H SiMe;  Cl OSO,CH3 Zr
CH; H H H H H H H SiMe; Cl SO;CH3 Zr
CH, H H H H H H H SiMej Cl Cl Ti
CH; H H H H H H H SiMe; Cl1 Cl1  Hf
CgHs H H H H H H H SiMe; €1 €1 2r
nCiHy; H H H H H H H SiMej Cl Cl Zr
Ph H H H H H H H SiMey Cl Cl zr
CH3 CH3 H H H H H H SiMes Cl Cl Zx
CH3 CHj3 H H H #®H H H SiPhy Cl cl Zr
CH3 CH; CH3; H H H H H SiMe; €1 (€1 Zr
CHy H Cl1 H H H H -H- SiMe; €l <Cl 2Zr
CHy H CH3; H H H H H SiMe;, €1 Cl 2Zr
CH3y H CyHs H H H H H SiMe; €1 €1 zr
CH3 H Fh H H H H H SiMey Ccl Cl Zr
CH; H H CH; H H H H SiMe; Cl1L Cl1 2Zr
CH3 H CH3 CH: H H H H SiMe; cl Cl Zr
CH3 H CHp*! CH; H H H CHp*l SiMe; Cl1 Cl Zr
CH3 H H H H H H Ph SiMeg Cl Cl Zr

*1: RS and Rl are bonded to each other to form a five-
membered ring. _
5 Me: methyl; Et: ethyl; Ph: phenyl.



99 N-net hyl acryl am de; am nostyrenes such as p-am nostyrene; and
6- am nohexyl succi ni m de and 2-am noet hyl succi ni m de. The epoxy
gr oup- cont ai ni ng et hyl eni cally unsaturat ed conmpounds are hononers

whi ch contain at | east one epoxy 5 group per nolecule. Exanples of the
epoxy group-contai ni ng ethyleniﬁﬁlly unsat urat ed conpounds i ncl ude

gl yci dyl acrylate and gl yci dyl. t hacryl ate; nono- and

di al kyl gl ycidyl esters of dicarboxylig, acigds wherein an al kyl group
in the al kyl glycidyl ester noiety nayK\a 1 to 10 12 carbon atons, such
as nono- and diglycidyl ester of gl ei ¢ aghd, gIonggizand di gl yci dyl

i gt er jof crQtonic acid,

ester of fumaric acid, g1z gBnow2andAdi cid e
nono- and di gl ygitdy f tétrahy D hG Al o, R1fono- and
di gl yci dyl ester of iN€OMW oo mono- g

Rl Rr2 R3 R6 R12 Rr13 Rrl4 Ri15 Y X1 x2 M

CH3*2 SiMey Cl Cl Zr
CH3; SiMey Cl Cl Zr

CH3 H CH*? CHy"? CHy*?
CH3 H CH3 CHj CH3

H H H H H H H H SiMe; Cl Cl Zr
CH3 H H H H H H H SiMeg C1 Cl Zr
CH3 H H H H H H H SiPhy; Cl1 Cl Zr
CH3; CHy; H H H H H H SiMe; Cl Cl Zr
CH3 H CH3 H H H H H SiMe; C1 Cl Zr
CHz H CH3 CH3 H H H H SiMey; Cl Cl1 ZzZr

H H

H H

*2: R3 and R2, and R® and RS are bonded to each other to
form a five-memebered ring, respectively.
5 Me: methyl; Ph: phenyl '



5 ester of butenetricarboxylic acid, nmono- and diglycidyl ester of
citraconic acid, nono- and diglycidyl ester of

endo- ci s-bi cycl o[ 2. 2. 1] hept - 5- ene- 2, 3-di carboxylic acid (Nadi c
Acid[err]), mono- and diglycidyl ester of allylsuccinic acid; and
further al kylglycidyl esters of p-sty e-- 20 carboxylic acid, allyl

gl ycidyl ether, 2-nethylallyl gl ycidyl ether, styrene-p-glycidyl

et her, 3, 4-epoxy-1- but ene, 3, 4-epoxy- 3-nethyl - 1- but ene,

3, 4- epoxy- 1- pent ene, 3, 4- epoxy- 3- th*&-l-pentene, 5, 6- epoxy- 1- hexene
and vi nyl cycl ohexene nonooxi de. Exanpl es of the unsaturated
carboxylic acids include unsat ur at egh carbq;yl@p aci ds such as acrylic
aci d, met hacrylic acid, maleig,acid, madl ¢ .cid,R4

tetrhydrophthalic-acid, itgiconic a Ci t r abQhhC a4

-

H H H H SiMe; Cl Cl Zr
H CHy H H SiMey Cl Cl Zr
H CH3; H CH3 SiMe; Cl Cl Zr
H CH3 CH3 CH3 SiMe; Cl Cl Zr
CH; CH3 H H SiMe; Cl Cl Zr
CH; CH3 H CH3 SiMe; Cl Cl Zr
CH; CH; CH3 CH3 SiMe; Cl Cl Zr

Me: methyl.

Also employable in the invention are transition metal
compounds wherein zirconium is replaced with titanium or
hafnium in the above-mentioned compounds.

The transition metal compounds mentioned above are

10 used generally in the form of racemic modification as the
olefin polymerization catalyst component, but they can be
used also in the form of R type or S type.

The indene derivative ligands for the transition metal
compounds can be synthesized in accordance with ordinary

15 organic synthesis through, for example, the reaction route

described below.



100 crotonic acid, isocrotonic acid, norbornene dicarboxylic

acid and bicycl o[ 2. 2. 1] hept - 2- ene- 5, 6-di car boxyl i ¢ aci d; and
anhydri des thereof and derivatives thereof, such as acid halides,
am des, imdes and esters, nore specifically, 5 mal eyl chloride, naleyl

I mde, maleic anhydride, itaconic g9 anhydride, citraconic anhydride,
t et rahydr opht halic anhydri de,
bi cycl of 2. 2. 1] hept - 2- ggwe- 5, 6- di car boxyl i ¢ anhydri,de, _di met hyl
mel eate, nononethyl, mejeate, diethyl ~ O  maleate, diffret®I fumarate,
di met hyl itaconat €, “g#Fethyl 10 ci%éaébnate, di mBe'R
bi cycl o[ 2. 2. 1] hept - 2kend- 5, §-R°CE=CRg-&dy hoxyTat e, h
(et h)acryl ate, hgaroXypr opyl or (meth)acrylatgs O
(met h)acryl ate, am nogidyl mephecryl ate and am
Ot hese, o

. R?CH = CR! COCCR! = CHR?

or

yChey ! .
gpropy! nmethacryalte.

i
s BR2CH - CH,R!-CA

3 3
I L Fow
e — S
RS R®
R5 CH R5

R3 R2
R
n-butyllithium O@ Rl
R® Li*
RS

wherein A, B, C are each halogen.
The transition metal compoﬁﬁds used in the invention
5 can be synthesized from these indene derivatives in
accordance with conventionally known processes, for
example, described in Japanese Patent Laid-Open Publication
No. 268307/1992.
In the present invention, a bridge type transition
10 metal compound (metallocene compound) represented by the

following formula (C) is also emplovable.



preferred are (neth)acrylic acid, naleic anhydride, 15 hydroxyet hyl

(nmeth)acrylate, glycidyl nethacrylate and am nopropyl nethacryl ate.
Exanpl es of the vinyl ester compounds include vinyl acet eate, vinyl
propyonate, vinyl butyrate, vinyl i sobutyrate, vinyl pivalate, vinyl
caprate, vinyl 20 versatate, vinyl rate, vinyl stearate, vinyl
pht hal at e, vinyl t-butylphthalate,” vinyl salicilate and vinyl
cycl ohexanoat e. The pol ar nonomer for the graft-nodification can
be used in an anmount of usually 0.1 to 100, preferably 0.5 to 25 80
parts by weight, based on loqxparts Q; wei ght of the unsat ur at ed
ol efin copolynmer (A
poly (A) | \ 3
. R} g M gz R .
. R4 . R
. R®
' R R6 Y R® . ()

10

15

20

In the formula (C), M, R, R2, R3, R4, R® and R® have
the same meanings descfibed for those in the aforesaid
formula (B).

Of R3, R4, R% and RS, two groups including R3 are
preferably alkyl groups, and it is more preferred that R3
and R3, or R? and R® are alkyl groups. These alkyl groups
are preferably seqondary or teftiary alkyl groups, and may
be substituted with halogen atoms or silicon-containing
groups. As the halogen atoms'ahd the silicon-containing
groups, there can be mentioned those substituents as
described for R! and R2.

Of the groups R3, R%, R> and R, other groups than the
alkyl groups are each preferably“ﬁ§ﬁ£ogen.

Examples of the hydrocarbon groups of 1 to 20 carbon
atoms include straight chain and branched chain alkyl
groups and cyclic alkyl groups, such as methyl, ethyl, n-
propyl, i-propyl, n-butyl, i-butyl, sec-butyl, tert-butyl,
pentyl, hexyl, cyclohexyl, heptyl, octyl, nonyl, dodecyl,

eicosyl, norbornyl and adamantyl; and arylalkyl groups,



101 The radical initiators for use in the graft-

nodi fication are, for exanple, an organi c peroxide and an azo
coonpound. Speci fic exanpl es of the organic peroxides include
5 di cunyl peroxide, di-t-butyl peroxide, 2,5-dinethyl-2,5-

bi s(t-butyl peroxy)hexyne-3, 1, 3-bis(tyq but yl per oxyi sopr opyl ) benzene,
1,1-bis(t- butylperoxy)valerate benzoyl peroxide, t-

butyl per oxybgpzpal & p&esfy! giRaey 1], SBﬂHhﬁ&:oﬁi %kl €01 yHOheEhaNoy!

per oxi de, decanoyl perOX|de auroyl per oxi
3,5, 5-tri met iybEexgrovhs RGP diftaid 4 ababherg&eazwla tripld¥ond.de and

mtol uyl peroxide. Exanples of the azo conpounds i ncl ude
azoi sobut yroni t r yfrgo agifoups seXbdtidh\HramoR8 pbri,y RONbh8YRE .may be
bonded to each other to form a monocyclic or polycyclic
5 hydrocarbon ring other than the aromatic ring.
Examples of the halogen atoms are those described for
Rl and R2.
X1, X2, Y and R7 have the same meanings described for
those in the aforesaid formula (B).
10 Listed below are examples of the metallocene compounds
{transition metal compounds) represented by the formula
(C).
rac-Dimethylsilylene-bis(4,7-dimethyl-1-
indenyl)zirconium dichloride,
15 . rac-Dimethylsilylene-bis(2,4,7-trimethyl-1-
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2,4, 6-trimethyl-1-
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2,5, 6-trimethyl-1-
20 indenyl)zirconium dichloride, L
rac-Dimethylsilylene-bis(2,4,5, 6-tetramethyl-1-
indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis(2,4,5,6,7-pentamethyl-1-
indenyl)zirconium dichloride,
25 rac~-Dimethylsilylene-bis (2-methyl-4-n-propyl-7-methyl-
l-indenyl)zirconium dichloride,
rac-Dimethylsilylene-big(4-i-propyl-~7-methyl-1-

indenyl)zirconium dichloride,



15 The radical initiator is desirably be used in an anount of
0.001 to 10 parts by weight, based on 100 parts by wei ght of the
unsaturated ol efin copolyner (A). The radical ininiator my be
used by mxing with the unsaturated ol efin copolynmer (A) and the
pol ar nononer, or 20 by dissolving i oA smal | amount of an organic

sol vent. Any organi ¢ solvent whicCch can dissolve the radical initiator

0,5 520 L O A RS,

sol vent include aroma Such as 0

xyl ene; alipfgiﬁgﬁay LeUNANS, dﬁ%ﬁﬁor%ée?s pent ane, hexane, heptane,
e

oct ane, nonane an cane, alrcyclic hydrocarbons, such as cycl ohexane

and decahy dr paapbimad 186 i 161lel-Bak]d -R¥EhPEal DOOSro M SR thyl -
chl or obenzene, dichl orobenzene, trichl orobenzene, nethyl ene
1-indenyl)zirconium dichloride,
5 rac-Dimethylsilylene-big(2-methyl-4-methyl-6-1i-propvl-
l-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-i-propyl-5-methyl-
l—indenyl)zirconium dichloride,
rac—Dimethylsilylene—bis(2—methyi—4,6—di(i—propyl)-1-
10 indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4, 6-di{i-propyl)-7-
methyl-1-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-i-butyl-7-methyl-
l-indenyl)zirconium dichloride,
15 rac-Dimethylsilylene-bis (2-methyl-4-sec-butyl-7-
methyl-1l-indenyl)zirconium dichloride,
rac-Dimethylsilvlene-bis(2-methyl-4, 6-di (sec-butyl)-1-
indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis(2-methyl-4-tert-butyl-7-
20 methyl-l-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-cyclohexyl-~7-
methyl-1l-indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-benzyl-7-methyl-1-
indenyl) zirconium dichloride,
25 rac-Dimethylsilylene-bis (2-methyl-4-phenylethyl-7-

methyl-1l-indenyl)zirconium dichloride,



102 chloride, chloroform carbon tetrachl oride and

tetrachl oroet hyl ene; al cohol solvents, such as nethanol, et hanol ,

n- propanol , iso-propanol, n-butanol, sec-butanol and tert-butanol;

ket one sol vents such as acetone, nethyl 5 ethyl ketone, and nethyl

| sobutyl ketone; ester solvents, 73such as ethyl acetate and di nethyl
pht al ate; ether sol vents, such as dinethyl ether, diethyl ether,

di - n-anyl gther: an: | di ani_sol e. In the
graft nodification o 1F%§5%%§§?3?%¥%§&8?Q?ﬁﬁ*ﬁﬁﬁ-Qbopo|yner (A"), there can

be used an iaihen CBBbEbRaERy1-7-nethy £ Bineg1y8 keohAghease the graf
anount in the resulting graft-nodified copolyner (A). The
reduci ng mat@Eidhdbrigel udes not only iron(ll) ion,
rac-Dimethylsilyvlene-bis (2-methyl-4-chloromethyl-7-
5 methyl-l-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis(2-methyl-4-
trimethylsilylmethyl-7-methyl-1-indenyl)zirconium
dichloride,
rac-Dimethylsilylene-bis(2-methyl-4-
10 triméthylsiloxymethyl—?-methyl—l—indenyl)zirconium
dichloride,
rac-Diethylsilylene-bis (2-methyl-4-i-propyl-7-methyl-
1-indenyl)zirconium dichloride,
rac-Di({i-propyl)silylene-bis(2-methyl-4-i-propyl-7-
15 methyl-l-indenyl)zirconium dichloride,
rac-Di(n—butyl)silylene—bis(2—methy1—4-i—propyl—7—
methyl-l-indenyl)zirconium dichloride,
rac—Di(cYclohexyl)silylene-bis(2—methyl—4-i-propyl-7-
methyl-l-indenyl)zirconium dichioride,
20 rac-Methylphenylsilylene—bi§ggfmethyl—4—i—propyl—7—
methyl-l-indenyl)zirconium dichloride,
rac-Diphenylsilylene-bis (2-methyl-4-i-propyl-7-methyl-
l-indenyl)zirconium dichloride,
rac-Diphenylsilylene-bis{2-methyl-4-di(i-propyl)-1-
25 indenyl)zirconium dichloride,
rac-Di (p-tolyl)silylene-bis (2-methyl-4-i-propyl-7-

methyl-1-indenyl)zirconium dichloride,



chrom um i on,
hydr oxyl am ne and hydrazi ne but al so conpounds

as -SH, Serr]H -NANH err] and - COCH( OH) - . Exanpl es of such
reduci ng materials include ferrous chl ori de, potassium bichromate,
cobalt chloride, cobalt naphthen9 pal | adi um chl ori de,

et hanol am ne, 20 di et hanol am ne, é’nethylaniline hydrazi ne,

cobalt ion, nickel ion, palladiumion, 15 sulfite,

et hyl mercapt an, benzenesul f cC a I f i d.
eyl mercaptan,  Depzengeil (o & A5l ANS ek ”eﬁes?ﬁ Rty o o

0.001 to 5

parts by weight er 2 , based on 100
parts by melgﬂ¥°%§i?i a‘913‘?/]’qimsaen?/lt) grc B |n copo £ﬁg

The graft nodificalfon,
in a conven

carri ed out

10

15

20

25

yier (A').

1-indenvl)zirconium dibromide,

rac-Dimethylsilylene-bis (2-methyl-4-i-propyl-7-methyl-
l1-indenyl) zirconium dimethyl,

rac—Dimethylsilylene-bis(2—meﬁhyl—4—i—propyl—?-methyl—
l1-indenyl) zirconium methylchloride,

rac-Dimethylsilylene-bis (2-methyl-4-i-propyl-7-methyl-
l-indenyl)zirconium-bis (methanesulfonato),

rac-Dimethylsilylene-bis (2-methyl-4-i-propyl-7-methyl-
1-indenyl) zirconium-bis (p-phenylsulfinato),

rac-Dimethylsilylene-bis (2-methyl-3-methyl-4-i-propyl-
6-methyl-1-indenyl) zirconium dichloride,

rac-Dimethylsilylene-bis(2-ethyl-4-i-propyl-6-methyl-
l1-indenyl)zirconium dichloride, and

rac—Dimethylsilylene—bis(2—phenyl—4—i—propyl—6—methyl—
1-indenyl) zirconium dichloride.

Also employable in the invention are transition metal
compounds wherein zirconium is replaced with titanium metal
or hafnium metal in the above-mentioned compounds.

The transition metal compounds mentioned above are
used generally in the form of racemic modification, but
they can be used also in the form of R type or S type.

The indene derivative ligands for the transition metal
compounds can be synthesized in accordance with ordinary |
organic synthesis through, for example, the aforementioned

reaction route.

?x&% nlgs‘flérg‘}:}ﬁitecérﬁea-tbﬁ% (9'—‘:?1Te'tﬂy1—4 1 COPOIYET (i Hy1can

cont ai ni ng groups such

be



103 For exanple, the unsaturated copolyner (A') is dissolved in
an organic solvent, and to the solution is then added the pol ar
pononer and the radical initiator to react themat 70 to 200 [err]C,
preferably 80 to 190 [err]C, for 0.5 to 15 hours, 5 preferably 1 to 10
hour s. There is no specifigglimtation on the organic solvent
used for graft nodi fyi ng the unsaturated ol efin copol yner (A"), and
any organic sol V%f%ﬁs@%llﬂﬁeﬂeé‘élf@é g&lﬁd},ey<metauo@bﬁéowﬁpmeds)
unsat urated copol yner (A anpl es of such organic solvents
i ncl ude ar oFRidresented Bydtzaéaf@ﬁmﬁ@l MONtars Weh sgnthenzeag, f+@huene and
xyl ene; and al i phatic hydrocarbon sol vents such as pentane, hexane
these indene derivatives in accordance with conventionally
known processes, for example, described in Japanese Patent
5 Laid-Open Publication No. 268307/1%992.
In the present invention, a bridge type transition
metal compound (metallocene compound) represented by the
following formula (D) is also employable.
x1 X?
N/
R2 Ml R2
Rl Rl
10 Y ... {D)
In the formula (D), M1, R, X1, X2 and Y have the same
meanings as described for those in the aforesaid formula
(B) or (C).
15 Rl ig preferably a hydrocarbon group, more preferably
a hydrocarbon group of 1 to 4 carbon atoms, e.g., methyl,
ethyl, propyl and butvl.
Xl and X2 are each preferably a halogen atom or a
hydrocarbon group of 1 to 20 carbon atoms.
20 R? is an aryl group of 6 to 16 carbon atoms, for

example, phenyl, o-naphthyl, B-naphthyl, anthracenyl,
phenanthryl, pvrenyl, acenaphthyl, phenalenyl

{(perinaphthenyl) or aceanthrylenyl. Of these, phenyl or



and hept ane. The unsaturated copol yner of ethylene can be
reacted 15 wth the polar nononer in the absence of any sol vent using

an extruder or the like to prepare a graft nodified unsat ur at ed

copol ymer of ethylene. In this case, the reaction tenperature is
usual l'y not lower than the nelting 7g point of the unsaturated olefin
copolynmer (A"), 20 specifically, in the range of 120 to 250 [err]C.  The

reaction HiHR UWiQhreFee R eBENMPOREEY! £r P Sl sy, Weual |y in the
range of O.SH%% {gam' nut%gs. © I'n ﬁer%;af]g%]rmaé,ified unsat ur at ed

ol efin copol guBs¥tituted (Ath hAlsgpheaasd, hfer&fafioraietbsobst hetgr af t
group 25 derived fromthe polar nononer is in the range of usually
0.1 to 50 %2y wwerlgit atmief erahbjofeRated Iydrdyarsrghiroups of 1 to In the
rubber conposition for tire tread of the present invention, the weight
rati o of the2Qresthomatadpms such as described for RI.
5 Listed below are examples cof the transition metal
compounds {(metallocene compounds) represented by the
formula (D).
rac-Dimethylsilylene-bis (4-phenyl-1-indenyl) zirconium
dichloride,
10 rac-Dimethylsilylene-bis (2-methyl-4-phenyl-1-
indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-{0-naphthyl)-1-
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-(B-naphthyl)-1-
15 indenyl)zirconium dichloride,
rac-Dimethylsilylene—bis(zfmethyl—4-(l—anthracenyl)—1-
indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-(2-anthracenyl)-1-
indenyl) zirconium dichloride,
20 rac—Dimethylsilylene—bis(zjggyhyl—4—(9—anthracenyl)-1—
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4- (9-phenanthryl)-1-
indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4- (p-fluorophenyl) -
25 1-indenyl)zirconium dichloride,
* rac-Dimethylsilylene-bis{(2-methyl-4-

{pentafluorophenyl)-l-indenyl) zirconium dichloride,



104 ol efin copolynmer (A') to the diene rubber (B) is in the

range of 1/99 to 50/50, preferably 5/95 to 30/ 70. The rubber
conposition for tire tread of the present i nvention is a vul cani zabl e
rubber conposition and is 5 usually used after vul canized though it can
al so be used as an unvul cani zeq,forrposi tion. The vul cani zati on can be
carried out using a vul cani zi ng agent by heating or w thout using a

vul cani zi ng agen Y nls | Al Gl T O LA Sl -4~ (o- e rubber
conposition for E‘rlargentL #‘%gg&g%iﬁ]é&kﬁggl%{éesent iln\zlleéPi 8%1%8%%‘9;% zed by
Cﬁﬁigggéiﬁggqqgagﬂgl)zircoﬁgﬁﬁﬁa{éﬂﬂgifaé{ulcanization system such as a

rac-Dimethylsilylene-bis (2-methyl-4- (m-chlorophenyl) -
1-indenyl)zirconium dichloride,
5 rac-Dimethylsilylene-bis (2-methyl-4- (p-chlorophenyl) -
l-indenyl)zirconium dichloride,
rac—Dimethylsilylene—bis(2—methyl—4f(o,p~
dichlorophenyl)phenyl-1-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis{2-methyl-4- (p-bromophenyl) -1~
10 indenyl)zirconium dichloride,
| rac-Dimethylsilylene-bis(2-methyl-4- (p-tolyl)-1-
indenyl) zirconium dichloride,
rac—Dimethylsilylene—bis(2-methyl—4—(m—tolyl)—l—
indenyl)zirconium dichloride,
15 rac-Dimethylsilylene-bis(2-methyl-4- (o-tolyl)-1-
indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis(2-methyl-4-(0,0'-
dimethylphenyl)-1l-indenyl)zirconium dichloride,
rac—Dimethylsilylene—bis(2—methyl—4—(p—ethylphenyl)—l—
20 indenyl)zirconium dichloride, . |
rac-Dimethylsilylene-bis(2-methyl-4-(p-i-
propyvlphenyl)-1l-indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis{2-methyl-4- (p-benzylphenyl) -
l1-indenyl)zirconium dichloride,
25 rac-Dimethylsilylene-bis (2-methyl-4- (p-biphenyl)-1-
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis(2-methyl-4- (m-biphenyl)-1-

indenyl) zirconium dichloride,



agent, vul cani zation accel erator, vul canization aid or the i ke can
be added to the rubber conposition. As the vul cani zi ng agents,
the above described 15 vulcanizing agents (D) can be used singly or in
conbi nat i on. O the above-described various vul cani zi ng agents,
sul fur or a sulfur conpound, in particy ar sulfur, is preferably used
because the rubber conposition having 0 excellent properties can be

obt ai ned. gﬁyigg#g;a%sggggéggﬁgﬁg§gééytgiu' or a sulfur

conmpound, it can 5%a%£§} In-an a preferably 0.15

to 5 parts bytffﬂ%%g%lé&?ﬁ?ﬁﬂ@ﬁy@QQ&ﬁihaénQY)zirconﬂﬁﬂ(Hﬁcﬂﬂbﬂﬂ@%,unsatUrated

ol efin copol yner . . en the sul fur or sulfur compound is
used as the Vith €204 1AL iaga ke bl si(3-REEhel abl i 0 use a

vul cani zation accelerator in conbination.
trimethylsilylphenyl)-1-indenyl) zirconium dichloride,
5 rac-Dimethylsilylene-bis (2-ethyl-4-phenyl-1-
indenyl)zirconium dichloride,
rac-Diphenylsilylene-bis(2-ethyl-4-phenyl-1-
indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-phenyl-4-phenyl-1-
10 indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-n-propyl-4-phenyl-1-
indenyl) zirconium dichloride,
rac-Diethylsilylene-bis(2-methyl-4-phenyl-1-
indenyl)zirconium dichloride,
15 rac-Di- (i-propyl)silylene-bis(2-methyl-4-phenyl-1-
indenyl)zirconium dichloride, .
rac-Di- (n-butyl)silylene-bis(2-methyl-4-phenyl-1-
indenyl) zirconium dichloride,
rac-Dicyclohexylsilylene-bis (2-methyl-4-phenyl-1-
20 indenyl)zirconium dichloride, .
rac-Methylphenylsilylene-bis (2-methyl-4-phenyl-1-
indenyl)zirconium dichloride,
rac-Diphenylsilylene-bis (2-methyl-4-phenyl-1-
'indenyl)zirconium.dichloride,
25 rac-Di (p-tolyl)silylene-bis (2-methyl-4-phenyl-1-
indenyl)zirconium dichloride,
rac—Di(p-chldrophenyl)silylene—bis(2—methyl-4—pheny1—

l1-indenyl)zirconium dichloride,



105 As the vul cani zation accel erators, the sane

accel erators described for the conposition for tire side wal | can be
used. It is preferable that the vul cani zation accelerator is 5
used in an amount of 0.1 to 20, preferably 0.2 to 10 parts by wei ght,
based on the unsaturated ol efin copoLyger (A"). When the organic
peroxide is used as the vul cani zing agent, it is preferable to use a

vl A 2110 1 o e BR800y e PdufBla- TOLE ol er oDl abou
vul cani zat i Ci%cﬁrﬂzl')'&‘i'r'é@%%‘ E%hlorlde,

rac-Ethylene-bis (2-methyl-4-phenyl-1-indenyl)zirconium
dichloride,

5 rac-Dimethylgermylene-bis (2-methyl-4-phenyl-1-
indenyl)zirconium dichloride,
rac—Dimethylstannylene—bis(2—ﬁethyl—4—phenyl—1-
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-phenyl-1-
10 .indenyl)zirconium dibromide,

rac-Dimethylsilylene-bis (2-methyl-4-phenyl-1-
indenyl) zirconium dimethyl,

rac-Dimethylsilylene-bis (2-methyl-4-phenyl-1-
indenyl)zirconium methylchloride,

15 rac-Dimethylsilylene-bis (2-methyl-4-phenyl-1-
indenyl) zirconium chloride SO;Me, and
rac-Dimethylsilylene-bis(2-methyl-4-phenyl-1-
indenyl)zirconium.cﬁloride 0SOzMe.

Also employable in the invention are transition metal

20 compounds wherein zirconium is rgg%aced with titanium metal
or hafnium metal in the above-mentioned compounds.

The transition metal compounds represented by the
formula (D) can be prepared in accordance with "Journal of
Organometallic Chem.", 288(1985), pp. 63-67, and European

25 Patent Publication No. 0,320,762 (specification and

examples), for example, in the following manner.

Z—Y-Z

2H;R® + 2-butyl-Li 2HRALi




qui none di oxi me conpounds, such as p-qui none di oxi ne; and further

pol yfuncti onal nononers, e.g., (nmeth)acrylate conpounds such as
trinethyl ol propane trinethacrylate and 15 polyethyl ene glycol

di mret hacryl ate; allyl conmpounds, such as diallyl phthalate and
triallyl cyanurate; mal ei mde cggoounds, such as m phenyl ene
mal ei m de; and di vi nyl benzene. The rubber conposition for

tire tread according to th%_65{¥#u§§ent i nvention can further conprise

conventi onal rubbBR®Y-R2HC i ngredi ents, for exanple, rubber
rei nforcing agents such as carbon black and finely-divided silicic

acid; softening agents; filleggigsuch as cal ci um carbonate i ght,
calciun1carbona@éwhéhﬁVpltaftT—Céayﬂand silica; 25 tackifiers; waxes;

bi nder resins; zinc white; antioxidants; ozone crack inhibitors; and
rocessing aids. T Cl c oundi i pgtedients may be used singly or
pr o g YbeB%\M/ cpp ng e y gly

in
N /7 N\
Ra

M
o1 \R{'\

Cl
R3 x!
27 4 SN/
X“Li ¥ M
N /7N,
R?® X
5 wherein Z is Cl, Br, I or o-tosyl, and
HoR?2 is

2

The transition metal compounds (D) are used generally
10 in the form of racemic modification, but they can be used
also in the form of R type or S type.

In the present invention, a combound represented by
the following formula (VII) can_pemalso emploved as the
metallocene compound.

15 L2M3X, (VII)
wherein, M3 is a metal of Group 4 of the periodic table or
a metal of lanthanide series;

L2 is a derivative of delocalization T bond group and

imparts restraint geometrical shape to the metal M3 active

20 site; and



c¢onbi nati on. 106 The

rei nforci ng agent can be added in an anount of 20 to 150, preferably
30 to 100 parts by weight, based on 100 parts by wei ght of the total
of the unsaturated olefin copolyner (A') and the diene rubber (B). In
general , when 5 the reinforcing ag Is added in a greater anount, the
braking ability on wet road (wet ski I s enhanced, while rolling

resi st ance tendsth% geah§%§{§g.tﬁg %%@él6¥r&¥f%§%§ﬁﬁf?g§§’a¥gegaéﬂe

reinforcing agent 1s a a sna unt rasion resistance
tends to bepyewepefl, ndfogen, a MRB-JIRM RERPSI b 8M1{PrgFbis &F &ad
according to the
germyl group, each having 20 or less carbon, silicon or
germanium atoms.

5 Of the compounds of the formula (VII), preferred are

compounds represented by the following formula (VII').

Z —

e

cp———m— M3
AN

(X)2 ee. {VIIY)

10 wherein M3 is titanium, zirconium or hafnium; X is the same
as described above;
Cp is a substituted cyclopentadienyl group which is =®-
bonded to M3 and has a substituent Z;
Z is oxygen, sulfur, boron or an element of Group 14
15 of the periodic table (e.g., silicon, germanium or tin);
Y is a ligand containing nitrogen, phosphorus, oxygen
or sulfur; and PR
Z and Y may form together a condensed ring.
Examples of the compounds represented by the formula
20 (VIT') include (dimethyl (t-butylamide) (tetramethyl-n°-
cyclopentadienyl)silane)titanium dichloride and
( (t-butylamide) (tetramethyl-n°-cyclopentadienyl)-1,2-

ethanediyl) titanium dichloride.



present invention can be prepared by a conventional nethod for
conpounded rubbers. For exanple, the unsaturated ol efin copol yner

(A" ), the diene rubber (B), and optionally, conpoundi ng ingredients
are kneaded together in 15 an internal mxer,- such as a Banbury m xer, a
kneader or Inter mxer, at a tegﬁgrature of 80 to 170 [err]C for 3 to
10 m nutes. The kneadate obtaine I f necessary, after addi tion

of the vul cani 2i ngy,3088t 41 YHLGAD! ZlAihae menABHRELALOL Qhn Vil CANLFT NG

aid thereto, is further nea using rolls such as open rol or a

kneader, at @ihghl, or in t&RPEI14e of 40 to 80[err]C for 5 to 30 mnutes,
follomed by rolling, to obtain a conpounded rubber. Wen the kneadlng

in the internal npxefergefanet&llOtdndicandouid epeeanted by thefor
exanple lower than 60 [err]C, the vul canizing agent, 25 vulcanization
accel erat or, foeanilag (¥DEhtoantvihe ladeadaz a titahdambeaskaeastekmt t he
sane tine. :

metal.

Of the abové—mentioned various metallocene compounds,
particularly preferred is the metallocene compound
represented by the formula (VII) or {(VII').

The metallocene compound can be used by being

10 supported on a particulate carrier.

Examples of the particulate carriers include inorganic
carriers, such as S8i0;, Al,;0;3, By03, MgO, Zr0;, CaC, TiO,,
Zn0O, SnO;, Ba0 and ThO; and organic carriérs, such as
polyethylene, polypropylené, poly-l-butene, polv-4-methyl-

15 1-pentene and a styrene/divinylbenzene copolymer. These
particulate carriers can be used singly or in combination.

Next, the organcaluminum oxy-compound (b-2) and the
ionizing ionic compound which form the metallocene
catalysts are described.

20 The organoaluminum oxy-compound (b-2) may be either
aluminoxane conventionally known or a benzene-insoluble
organocaluminum oxy-compound exemplified in Japanese Patent
Laid-Open Publication No. 78687/1990.

The conventionally known aluminoxane is specifically

25 represented by the following formula:

Rz—Al— (OAl—— OAIR;

R



The vul cani zed product (vul cani zed rubber) of the conposition for tire

tread according to the present 107
L.nvention can be obtained by various nol ding nethods, where t he above
unvul cani zed rubber conposition is prenolded into a desired shape
using, for exanple, a nolding machi neggguch as a calendar roll, a
press, an injection nolding nachine 5 or a transfer nolding machi ne, and
then or at the sape—ti++re- of the nolding, the vulcanization is carried
out by heating in_a vul cpni zer or by irradiation of electron rays.

In order to effect THaA} ¢ani zation, various heating means, such as

hot air, glass beads fgui | zed bed, UHF

wherein R is a hydrocarbon group, such as methyl, ethyl,
propyl or butyl, preferably methyl or ethyl, particularly
5 preferably methyl; and
m is an integer of 2 or more, preferably an integer of
5 to 40.
The aluminoxane may be formed from mixed
alkyloxyaluminum units consisting of alkyloxyaluminum units
10 represented by the formula (OAl(R!)) and alkyloxyaluminum
units represented by the formula (OAl1(R2)) (wherein R! and
R? are each the same hydrocarbon group as described for R,
and Rl and R? are different from each other).
The organoaluminum oxy-compound may contain a small
15 amount of an organic compound'of other metal than aluminum.
Examples of the ionizing ionic compounds includes
Lewis acid, ionic compounds, borane compounds and carborane
compounds .
The Lewis acid is, for exaﬁéi;; a compound represented
20 by the formula BR; (where each R is a phenyl group which
may have a substituent such as fluorine, methyl or
trifivoromethyl, or a fluorine atom). Examples of such
compounds include trifluoroboron, triphenylboron, tris(4-
fluorcphenyl)boron, tris(3,5-difluorophenyl)boron, tris(4-

25 fluoromethylphenyl)boron, tris(pentafluorophenyl)boron,



io (ul'tra high frequency el ectromagneti c wave), steam or LCM

(litquid nolten salt bath), can be enployed. It is preferable that the
heating is carried out at a tenperature of 150 to 270[err]C for 1 to
30 mi nut es. Furt her, when the vul cani zation is perfornmed by 15
irradiation of electron rays w thout glge use of any vul cani zi ng agent,
t he prenol ded rubber conposition obt ai ned as above can be irradiated
W th el ectrope{@¥s-tolyl EMd %&l%rzatgmg;i)ﬁoéoﬂoaﬂ& B\ (preef erabl y 0.3
to 2 MV, so that” the dose becones 0.5 M ad, preferably 0.5 to
20 10 Nraddlmethylphenylybdga@,vulcanlzatlon, nDId may or may not be
used. In case where the nold is not used, the vulcanization is

usual ly carri ed oBkamphés ePute/ ionic compoundbBeintladd i zechIkiaber obtai ned
as descri bed above has 25 excellent strength properties, abrasion
registance asdbstituted ammonium salts, N,N,-dialkylanilinium salts,

5 dialkylammonium salts and triarylphosphonium salts.
Particular examples of the trialkyl-substituted ammonium
salts include triethylammoniumtetra (phenyl)boron,
tripropylammoniumtetra (phenyl)boron and tri(n-
butyl)ammoniumtetra(phenyl)boron. Particular examples of

10 the dialkylammonium salts include di(l-
propyl)ammoniumtetra (pentafluorophenyl)boron and
dicyclohexylammoniumtetra(phenyl)boron. Also employable as
the ionic compounds are
triphenylcarbeniuﬁtetrakis(pentafluorophenyl)borate, N,N-

15 dimethylaniliniumtetrakis(pentafluorophenyl)borate and
ferroceniumtetrakis(pentafluo;ophenyl)borate.

Examples of the borane compounds include
decaborane(14), bis[tri(n-butyl)ammonium]nonaborate,
bis[tri(n-butyl)ammonium]decaborate, and salts of metallic

20 Dborane anions such as bis{tri(n-
butyl ) ammonium] bis (dodecahydridododecaborate) -
nickelate(III}.

Examples of the carborane compounds include 4-
carbanonaborane (14), 1,3—dicarbanonaborane(13), and salts

25 of metallic carborane anions such as bis[tri(n-
butyl)ammonium]bis(ﬁndecahydrido—?—

carbaundecaborate)nickelate (IV).



Braking ability on wet road as well as small rolling resi stance so

that it is suitable for use as a tire tread rubber .

108 EFFECT OF THE | NVENTI ON The rubber
conposition for tire side wall according to t he i nvention has
excellent strength properties and flegg 5 fatigue resistance. Fromthe
rubber conposition, a tire side wall of |ow fuel consunption can be
obt ai ned. The T6n i #DAETs SO QnldoMRakOheht §6nbd (AL HE AlIgY L0 the
i nvention can provide a tire tread having excellent

used singly or in combinatiom.

The organocaluminum oxy-compound or the ionizing ionic

compound can be used by being supported on the aforesaid
5 particulate carrier.

In the preparation of the catalyst, the above-
mentioned organocaluminum compounds for forming the titanium
catalyst may be used together with the organocaluminum oxy-
compound or the ionizing ionic compound.

10 The unsaturated olefin copolymers (A) and (A')
employable in the invention can be usually obtained by
copolymerizing ethylene (i), an aromatic vinyl compound
(ii) and a non-conjugated polyene (iii) and, if necessary,
an O0-olefin (iv) in the presence of the above catalyst for

15 olefin polymerization. In this case, a hydrocarbon medium
is generally used, but an a—oleﬁin may also be used as the
medium. The copolymerization can also be performed by any
method, such as batch method and continuous method. 1In
case of performing the copolymerization by using the batch

20 method, the above catalyst is used in the following
concentration.

When a titanium catalyst comprising a solid titanium
catalyst component and an organoaluminum compound is used
as the catalyst, the solid titanium catalyst component is

25 used in an amount of usually about 0.001 to 1.0 mmol,
preferably about 0.005 to 0.5 mmol, in terms of titanium
atom per liter of the polymerization volume. Furthermore,

the organocaluminum compound is used in an amount of usually



strength properties, abrasion resistance and braking 10 ability on wet

road (wet skid) as well as small rolling resi st ance.

EXAMPLE The present invention is further described with 15
reference to the follow ng exanples, but it should be construed that
the invention is.in no way limted toggose exanpl es. -

Test Met hod Tensile test 20 Tensil e strength (TB) and
el ongation (EBouten® to SOﬁEﬁéﬂreﬂréﬂe %;Sdzam% Wioloh mdh S §SG§%et%l

Har dness test har dness was measured [ n accordance

W th JI Qenb 3Bl the organoalumlnum compound per mol of titanium
atom in the solid titanium catalyst component. When an
electfon donor is used, it is used in an amount of usually

5 about 0.001 to 10 mol, preferably about 0.01 to 2 mol,
particularly preferably about 0.05 to 1 mol, per mol of
metal atom in the organocaluminum compound.

When a vanadium catalyst comprising a soluble vanadium
compound and an organcaluminum compound is used as.the

10 catalyst, the concentration of the soluble vanadium
compound in the polymerization system is usually 0.0l to 5
mmol, preferably 0.05 to 3 mmol, per liter of the
polymerization volume. The soluble vanadium compound is
preferably fed in a concentration of 10 times or less,

15 preferably 1 to 70 times, more preferably 1 to 5 times, of
the concentration of the soluble vanadium compound in the
polymerization system. The organocaluminum compound is fed
in a molar ratio (Al/V, aluminum atom to vanadium atom in
the polymerization system) of 2 or more, preferably 2 to

20 50, more preferably 3 to 20. .

The soluble vanadium compound and organoaluminum
compound are usually fed after diluting with the above
hydrocarbon solvent and/or liquid ethylene, c-olefin and
non-conjugated polyene. In this case, the soluble vanadium

25 compound is desirably diluted to the above concentration,
but the organcaluminum compound is desirably fed after
adjusting to any concentration, e.g. 50 times or less of

the concentration in the polymerization system.



25 Extension fatigue test (Mdnsanto fatigue test) The

vul cani zed rubber sheet was punched to prepare a dunbbel | speci nen of
No. 1 described in JIS K 6301, and a | ongi tudi nal notch of 2 mmwas
given to the center of the 109

speci men. Qut of 60 specinmens obtai negzas above, 20 speci nens were
extended until they had an extensibility of 40 % and they were
fatigued under thghgondid Insgb%quoc%ne catQ.ﬁ.§§€t 1§e@@<§aa§éﬂ&éﬁcaﬂl&%l C and
a revol ution speed of 300 S rpm to obtain a mean value of the Aurmber of
revol utions ghe metaMucEhd %n@@&haehh SRE ChIPFmeVRSz Y i By st RQr, an

ext ensi on fatlgue test was carried out in the sane nanner
used in an amount of usually 0.00005 to 0.1 mmol,

preferably 0.0001 to 0.05 mmol, per liter of the
5 polymerization volume. The organocaluminum compound is used
in a molar ratio (Al/M, aluminum atom (Al) to transition
metal atom (M) in the metallocene compound) of 1 to 10000,
preferably 10 to 5000.
The ionizing ionic compound is used in a molar ratio
10 of ionizing ionic compound to metallocene compound
(ionizing ionic compound/metallocene compound) of 0.5 to
20, preferably 1 to 10.
When the organcaluminum compound is used, it is used
in an amount of usually about 0 to 5 mmol, preferably about
15 0 to 2 mmol, per liter of the polymerization volume..
When ethylene (i), an arqmatic vinyl compound (ii) and
a non-conjugated polyene (iii) and, if necessary, an o-
olefin.(iv) are copolymerized in the presence of a titanium
catalyst, the copolymerization is performed under the
20 conditions of a temperature of g§g§lly -20 to +150°C,
preferably 0 to 120°C, more preferably 0 to 100°C, and a
pressure of usually more than 0 and not more than 7.8 MPa
(80 kgf/cm?, gauge pressure), preferably more than 0 and
not more than 4.9 MPa (50 kgf/cm?, gauge pressure).
25 When ethylene (i), an aromatic vinyl compound (ii) and
a non-conjugated polyene (iii) and, if necessary, an o-
olefin (iv) are copolymerized in the presence of a vanadium

catalyst, the copolymerization is performed under the



as above, except that the extensibility was varied to 80 % or 150 %

10

Monsanto fatigue tester

Tenperature: 27 [err]C
vul cani zed rubber sheet having a thickness of 2 nm 15 was subjected to
dynam c viscoel asticity test using a gg vi scoel asticity tester (RDS-2

nodel ) avail able from

measuri ng

of

1
nodul us (kg/ gpRtera

Frequency: 5 Hz
Dynam c vi scoel asticity test A

Rheonetri ¢ Co. under the conditions of a

' |
ofoTat SERER POA R ek S SRt Y 15 nam e 20 |

,N03 b hes e, yecuesordi SLRaFART, fa58 Ao +60°C,_(%;ﬁ&£er r])

was cal cul ated fromthe foll ow ng equati ons. Jerr] =

a presstfesf lusE@aly eoPedehds, or 838 REEIméze hERM.© M@dul us,

(50 kgf/cm?2, gauge pressure), preferably more than 0 and

[err] G

10

15

20

25

not more than 2.0 MPa

(20 kgf/cm?, gauge pressure).

When ethylene (i), an aromatic vinyl compound (ii) and

a non-conjugated polyene (iii) and, if necessary, an 0O-

olefin (iv) are copolymerized in the presence of a

metallocene catalyst,

the copolymerization is performed

under the conditions of a temperature of usually -20 to

150°C, preferably 0 to 120°C, more preferably 0 to 100°C,

and a pressure of usually more than 0 and not more than 80

‘kgf/cm?, preferably more than 0 and not more than 50

kgf/cm2.

Ethylene (i), an

aromatic vinyl compound (ii) and a

non-conjugated polyene (iii) and, if necessary, an a-olefin

(iv) are fed to the polymerization system in such amounts

that the unsaturated olefin copolymer (A) or unsaturated

olefin copolymer (A')

having a specific composition as

described above can be obtained. 1In the copolymerization,

a molecular weight modifier such as hydrogen can also be

used.

When the ethylene (i), aromatic vinyl compound (ii)

and non-conjugated polyene (iii) and, if necessary, o-

olefin (iv) are copolymerized as described above, the

unsaturated olefin copolymer (A) or unsaturated olefin

copoiymer (A') is usually obtained as a polymer solution

containing the same.

This polymer solution is treated by a



rnaginary'part G': loss of dynam c nodulus) 25 tan [err] = G'/G

The dissipation factor (tan [err]) is an indication of fuel
consunption properties, and the smaller the di ssi pation factor val ue,
the | ower the fuel consunption. 110
It is theoretically known that when sgigain is applied to a rubber
material, the heat value is directly proportional to t he square of
the applied sbimh] AdthdE, PIRRULY Ialmnbhehe unsafiAAUEN O A tan
[err]. The nore the force transferred to a tire 1s consuned as heat,

not but rollbaﬁoipmgﬁ (Ahepofzsg | IS fuel consunption. Therefore, a

tire side wall materi al

(B) Diene rubber
5 The diene rubber (B) for use in.the invention is a
cénventional diene rubber, and examples thereof include
natural rubber (NR), isoprene rubber (IR),
styrene/butadiene rubber (SBR), butadiene rubber (BR),
chloroprene rubber (CR) and acryvlonitrile/butadiene rubber

10 (NBR).

As the natural rubber (NR), natural rubber
standardized by "Green Book" (standard of international
quality and packaging of natural rubber of various classes)
is generally employed.

15 As the isoprene rubber (IR), isoprene rubber having a
specific gravity of 0.91 to 0.94 and a Mooney viscosity
[ML1.4(100°C)] of 30 to 120 is'génerally emploved.

As the styrene/butadiene rubber (SBR),
styrene/butadiene rubber having a specific gravity of 0.91

20 to 0.98 and a Mooney viscosity [MLij+4(100°C)] of 20 to 120

is generally employed.
As the butadiene rubber (BR), butadiene rubber having
a specific gravity of 0.90 to 0.95 and a Mooney viscosity
[MLy44(100°C)] of 20 to 120 is generally employed.
25 These diene rubbers can be used singly or in

combination of two or more -kinds.



having a small value as tan [err] which relates to generation of heat

can be considered as a material of |ow fuel - consunption. 10
"~ Ranmbona abr asi on Measured using a ramnmbong abrasion tester
avai |l abl e from |l wasaki Seisakusyo K K. under the follow ng
condi tions: Measuring condgpi ons: 15 Load: 3 kg
Peri pheral speed of sanple: 150 mmn Peri pheral speed of

wheel : 100 m M N of the abovel @ eh@l klibbers, prefeddlSly alkd€Ek val ue of the
rubber conposition for tire 20 tread was neasured using a dynam c

spect r onmet eri gopdriadtpe rubbei8MEREAFES6bE SodlandAF rekBahekbhow ng
condi tions: Measuring conditions:

strength, namely, natural rubber and isoprene rubber.

| (C) Carbon black
5 As the carbon black (C), carbon black generally used

for tire side wall can be used in the invention without

specific limitation, and examples thereof include SRF, GPF,

FEF, HAF, ISAF, SAF, FT and MT.

(Di Vulcanizing agent

10 The vulcanizing agent (D) employable in the invention
is, for example, sulfur or a sulfur compound.

Examples of sulfur include powdered sulfur,
precipitated sulfur, colloidal sulfur, surface-treated
sulfur and insoluble sulfur.

15 Examples of the sulfur compounds include sulfur
chloride, sulfur dichloride and high-molecular
polysulfides. Also employable are sulfur compounds which
release active sulfur at the vulcanizing temperature to
vulcanize the composition such as morpholine disulfide,

20 alkylphenol disulfide, tetramethy%ghiuram disulfide,
dipentamethylenethiuram tetrasulfide and selenium
dimethyldithiocarbonate.

Of these, powdered sulfur is preferably employed.

An organic peroxide is also employable as the

25 vulcanizing agent (D). Examples of the organic peroxides
include alkyl peroxides, such as dicumyl peroxide, di-tert-
butyl peroxide, di-tert-butylperoxy-3,3,5-

trimethylcyclohexane, tert-butyldicumyl peroxide, di-tert-



Share strain: 0.5 % Frequency: 15 Hz 25 Synthesis 1
A 1.5-liter autoclave was thoroughly purged with nitrogen, and the
autocl ave was charged with 430 m of hexane, 50 ml of styrene and 8 ni
of 4-ethylidene-8-nethyl - 1, 7-nonadi ene (EMND). Further, propyl ene was
I ntroduced so 5 that the pressure 81 the system becanme 2.5 kg/cn?.

Then, the systemwas heated to 40 [err]Cwith stirring, and ethyl ene

was fed so tdmfl thergpeiedsure S-dimkehgl s em & ceart Soutn/ Ipgrend]) hexyne—
3, 2,5-dimethyl-2,5-di(benzoylperoxy)hexane, 2,5-dimethyl-
2,5-di (tert-butylperoxy)hexane, o,0-bis(tert-butylperoxy-m-
isoprépyl)benzene and tert-butyl hydroperoxide; peroxy

5 esters, such as tert-butyl peroxyacetate, tert-butyl

peroxyiscbutyrate, tert-butyl peroxypivalate, tert—butyl
peroxymaleate,.tert—butyl peroxyneodecanoate, tert-butyl
peroxybenzoate ana di-tert-butyl peroxyphthalate; and
ketone beroxides, such as dicyclohexanone peroxide. These

10 organic peroxides can be used singly or in combination.

Of these, preferred are organic peroxides having a
temperature, at which the half-life period thereof is one
minute, of 130 to 200 °C, for example, dicumyl peroxide,
di-tert-butyl peroxide, di-tert-butylperoxy-3,3,5-

15 trimethylecyclohexane, tert-butyldicumyl peroxide, di-tert-
amyl peroxide and tert-butyl hydroperoxide.

Of the various vulcaniziﬁg agents mentioned above,
sulfur or the sulfur compound, especially sulfer, is
preferable as the vulcanizing agent (D), because a rubber

20 composition for a tire side wall having excellent
properties can be obtained. o
Rubber composition for tire side wall
The rubber composition for tire side wall according to
the invention comprises the unsaturated olefin copolymer
25 (A), the diene rubber (B), and optionally, carbon black (C)
and/or the vulcanizing agent (D).
In the rubber composition, the unsaturated olefin

copolymer (A) and the diene rubber (B) are desirably



I'nto a different reactor, 9.2 mmol of nethylal un noxane (avail abl e
from Tosoh Aquzo K K., 3 wt% toluene solution) 10 and 0.018 nmol of

¢(di nethyl (tert-butyl am de) (tetranethyl -

[err]-cycl opent adi enyl )si |l ane) di chl oride titanium synthesized by a
conventional process were introduced.gAfter the resul ting solution was
stirred for 15 mnutes in the reactor, the solution was transferred

into the autgelaue 14, a15§:at'1® t['(@ﬁ)?(ﬁ‘?t} yH?rdvéféﬁ@rbf 200 dohe 2ghosbave,
et hyl ene was continuously fed so that the pressure in the system was

mai nt ai ned adr St dadHISTP TDNBNGt 16 /B0, YRBEEZBEE OEraBIE 20)B0 to 60/40.
pol yneri zati on was perforned for 30 m nutes. Thereafter, 5 m  of

met hanol was adderhé¢ acdxson ndiaek He)pakbyoeedzahi @n. amdtht A ersubldy
pol ynmeri zati on was conpl eted, a pol yner was precipitated fromthe
reacti on sol3Ritom M&Q tpalrts foyr wefight, prefésaioly dheridd parasetiypol yner
was washed twice with 1 liter of nmethanol and then vacuumdried at 130
[err]C f §r 1weight, more preferably 50 to 90 parts by weight, based on
100 parts by weight of the total amount of the unsaturated
olefin copolymer (A) and the diene rubber (B).
When the vulcanizing agent (D) is sulfur or the sulfur
compound, the vulcanizing agent (D) is used in an amounﬁ of
10 wusually 0.1 to 10 parts by weight, preferably 0.5 to 5
parts by weight, based on 100 parts by weight of the total
amount of the unsaturated olefin copolymer (A) and the
diene rubber (B).
When the vulcanizing agent (D) is an organic peroxide,
15 the vulcanizing agent (D) is used in an amount of usually
0.05 to 15 parts by weight, p;eferably(O.lS te 5 parts by
weight, based on 100 parts by weight of the total amount of
the unsaturated olefin copolymer {A) and the diene rubber
(B).
20 If the amount of the unsaturated olefin copolymer is
in the above range, ozone crack hardly takes place in the
tire side wall formed from the resulting composition and
mechanical strength high enough for tire can be maintained.
If the carbon black (C) is used in the above-mentioned
25 amount, the tire side wall obtained from the resulting

rubber composition has excellent abrasion resistance and

dynamic fatigue resistance.



hours. As a result, 14 g of an 25 ethyl ene/ propyl ene/ styrene/ EMND
copol yner (copolyner (a)) was obtained. In the copolymer (a), the
nol ar ratio of constituent units derived fromethylene. to constituent
units derived from propyl ene was 73/ 27 _

112 (et hyl ene/ propyl ene), and t nol ar ratio of the total of _
constituent units derived fromethyl ene and constituent units dzrlved
from propyl ene t o gRNSLiHI nj [ : fyo tyr 94/ 6
(et hyl ene+propyl ene/ styr engl_)ﬂlfco%%gg%tggéo%%fy%rre (Sa éenam S‘L&nalggglrﬁgﬁga?ue of
[22 a]ncci: an | gtd%iéws__herention ¥haCBEl b¥ebdfld Idy ASiTRAWLAnkALdRsabgN at 135

err]C, o :

olefin copolymer (A), the diene rubber (B), the carbon

black (C) and the vulcanizing agent (D) in accordance with
5 a conventional mixing method for rubber-like polymers, for
example, using a mixer such as a Banbury mixer. In the
present invention, various ingredients known as rubber
compounding ingredients can be used in addition to the
above-mentioned components, within limits not prejudicial

10 to the object of the present invention.

Examples of the rubber compounding ingredients include
softening agents; rubber reinforcing agents, such as finely
divided silicic acid; fillers, such as calcium carbonate
light, calcium carbonate heavy, talc, clay and silica;

15 tackifiers; waxes; binder resins; zinc oxide; antistatic
agents; ozone crack inhibitors;.processing assistantsg; and
vulcanization acceleratbrs. These compounding ingredients
can be used singly or in combination of two or more kinds.

As the softening agents, those generally used for

20 rubbers can be widely used. Examples thereof include
petroleum type softening agents, such as process oil,
lubricating o0il, paraffin, liquid paraffin, petroleum
asphalt and vaseline; coal tar type softening agents, such
as coal tar and coal tar pitch; fatty oil type softening

25 agents, such as castor oil, linseed oil, rapeseed o0il and
coconut oil; tall oil; factice; waxes, such as beeswax,
carnauba wax and lanolin; fatty acids and fatty acid salts,

such as ricinoleic acid, palmitic acid, barium stearate,



dl /g. Synthesis 2 10 A 1.5-liter autoclave was thoroughly
purged wth nitrogen, and the autoclave was charged with 430 m of
-toluene, 40 mM of styrene and 4.5 m of EM\D. Further, propyl ene was
i ntroduced so that the pressure in the system becanme 3.0 kg/cnferr].
Then, the systemwas heated to 40 [ergyC 15 wth stirring, and ethyl ene
was fed so that the pressure in the system becane 10 kg/cnjerr].

Thereafter, QROIMRRI istlirBRel 828! &k ORc WBSuLRd | @thd Wynithetic polhResane
manner as in Synthesis 1, except that ethyl ene was continuously fed

so that the mpesswle,i sutheasypéemlasn Zékins Ritaictdd pbliprép)lafe As a
result, 18 g of an et hyl ene/ propyl ene/ st yrene/ EMND copol yner
(copol yner (émd coumaronesineaenedsihe. t et adEse,npetibleutnheypel ar ratio
of softening agents are preferably used, and process oil is
5 particularly preferably used. The softening agent can be
used in an amount of usually not more than 150 parts by
weight, preferably not more than 100 parts by weight, based
on 100 parts by weight of the total amount of the
unsaturaﬁed olefin éopolymer (A) and the diene rubber (B) .
10 Examples of the vulcanization accelerators include:
sulfenamide compounds, such as N-cyclohexyl-2-
benzothiazole sulfenamide (CBS), N-oxydiethylene-2-
benzothiazole sulfenamide (OBS), N,N-diisopropyl-2-
benzothiazole sulfenamide;
15 thiazole compounds, such as 2-mercaptobenzothiazole
(MBT) , 2—(2,4—dinitrophenyl)mgrgaptobenzothiazole, 2-(2,6-
diethyl-4-morpholinothio)benzothiazole and dibenzothiazyl
disulfide;
guanidine compounds, such as diphenylguanidine,
20 triphenylguanidine,_diorthonitri%ggganidine, orthonitrile
biguanide and diphenylguanidine phthalate;
aldehyde amine compounds or aldehyde ammonia
compounds, such as acetaldehyde-aniline condensate,
butylaldehyde-aniline condenéate, hexamethylenetetramine

25 and acetaldehyde ammonia;

imidazoline compounds, such as 2-mercaptoimidazoline;



constituent units derived fromethylene to constituent units derived
from propyl ene was 78/22 25 (et hyl ene/ propyl ene), and the nolar ratio of
t.he total of constituent units derived from ethyl ene and constituent
units derived from propylene to constituent units derived from styrene
was 95/ 5 (ethyl ene+propyl ene/ styrene)gglhe

113 copol yner (b) had an iodine value of 25 and an intrinsic

viscosity [[err]]ehasur@asstnsbin@sieadlchnagt th38chepadGigd, 3.3 dl/g.
5 Synthesis 3
diethylthiourea, dubutylthiourea, trimethylthiourea and
diorthotolylthiourea;
thiuram compounds, such as tetramethylthiuram
5 .monosulfide (TMTM) , tetramethylthiuram disulfide (TMTD),
tetraethylthiuram disulfide, tetrabutylthiuram disulfide
and dipentamethylenethiuram tetrasulfide (DPTT);
dithio acid salt compounds, such as zinc
dimethyldithiocarbamate, Zinc diéthyldithiocarbamate, zinc
10 di-n-butyvldithiocarbamate, zinc ethylphenyldithiocarbamate,
zinc butylphenyldithiocarbamate, sodium
dimethyldithiocarbamate, selenium dimethyldithiocarbamate
and tellurium dimethyldithiocarbamate;
xanthate compounds, such as zinc dibutylxanthate; and
15 other compounds, such as zinc white.
The vulcanization accelerator can be used in an amount
of 0.1 to 20 parts by weight, preferably 0.2 to 10 parts by
weight, based on 100 parts by weight of the total amount of

the unsaturated olefin copolymer (A) and the diene rubber

20 (B). o
For preparing a vulcanized rubber (tire side wall)
from the rubber composition for. tire side Wall according to
the invention, the rubber composition obtained as above is
molded into a desired shape and then vulcanized.
25 There is no specific limitation on the process for

preparing the vulcanized rubber. For example, the

following method is emplovable.



A 1.5-liter autoclave was t horoughly purged with nitrogen, and the
autocl ave was charged with 460 nl of toluene, 35 mM of styrene and 8
nl of EMND. Further, 1- but ene was introduced so that the pressure in
the system 10 becarre 1.7 kg/cnm2. Then, the systemwas heated to 40
[err]C with stirring, and ethylgghe was fed so that the pressure in
the system becane 10 kg/cn®. Thereafter, polynerization reaction

- was carried out Th a mixetrhguSBNEs MRIBEHES; MixSy)t RBSl Gndatexsesd t hat
ethylene was 15 continuously fed so that the pressure in the system was
mai nt ai ned ateffiinkgbtpolpmet. (5, aliesdildne Yubpeaf (Bh, the carbon

et hyl ene/ 1- but ene/ st yrene/ EMND copol yner (copol yner (c)) was
obt ai ned. |lekk ¢6pol gndrif myecesmnmol artheat irobber compowmdixig t uent units
derived fromethylene to constituent 20 wunits derived from 1-butene was
82/ 18 (et hyisgeedipntenaye kneade@rm: téhecommenatiugs @LoB0t ke 190 alC of

constityent units
for a period of 3 to 10 minutes. Then, using rolls such as

cpen rolls, the vulcanizing agent (D) and if necessary the
vulcanization accelerator are added, and the mixture is
kneaded at a roll temperature of 40 to 80 °C for a period
of 5 to 30 minutes, folloﬁed by roliing, to ﬁrepare:an

10 unvulcanized compounded rubber in the form of a ribbon or a
sheet. The unvulcanized compounded rubber is then molded
into a desired shape by means of an extrusion molding
machine, a calender roll or a press. Simultaneously with
the molding, the compounded rubber is heated at a

15 temperature of 150 -to 200 °C fér a period of 5 to 60
minutes, or after the molding, ;he molded rubber is
introduced into a vulcanizer and heated at a temperature of
150 to 200 °C for a period of 5 to 60 minutes, to obtain a
vulcanized rubbef. The vulcanization may be conducted

20 where a mold may or may not be used. In case of using no
mold, the vulcanization process ié generally carried out
continﬁously; For heating the compounded rubber in the
vulcanizer, various heating means, such as hot air, glass
bead fluidized bed, UHF (ultra high frequency

25 electromagnetié wave} and steam (heating bath), can be
employed.

The vulcanized rubber thus obtained is excellent in

vibration-damping properties, vibration-isolating



derived from et hyl ene and constituent units derived from1- butene to
constituent units derived fromstyrene was 95/5

(et hyl ene+1- but ene/ styrene). The copol ymer (c) had an 25 i odi ne val ue of
27 and an intrinsic viscosity [[err]], as nmeasured in decalin at 135
[err]C, of 3.0 dl/g. Synthesiswé-l-

114 A 1.5-liter autoclave s thoroughly purged with

itrogen, andoLiSpulor g YBRENA! S0 R A et as 1n dlwione. 30

resistance, weathering resistance and dynamic fatigue

resistance.
Rubber compogition for tire tread
5 The rubber composition for tire tread according to the

invention comprises the unsaturated olefin copolymer (A')
and the diene rubber (B). The unsaturated oclefin copolymer
(A') may be graft-modified with a polar monomer. The
unsaturated ethylene copolyvmer which is graft;modified

10 (hereinafter referred to as "graft-modified unsaturated
ethylene copolymer (A')") can be obtained by the reaction
of the unsaturated ehylene copolymer (A') with the polar
monomer in the presence or absence of a radical initiator.

As the polar monomers, hydroxy group-containing

15 ethyleﬁically unsaturated compounds, amino group-containing
ethylenically unsaturated compounds, €epoxy group-containing
ethylenically unsaturated compounds, unsaturated carboxylic
acids or derivatives thereof, vinyl esters and vinyl
chloride can be mentioned.

20 Examples of the hydroxy group-containing ethylenically
unsaturated compounds include (meth)acrylic acid esters,
such as hydroxyethyl (meth)acrvlate, 2-hydroxypropyl
(meth)acrylate, 3-hydroxypropyl (meth)acrylate, 2-hydroxy-
3-phenoxy-propyl (méth)acrylate, 3-chloro-2-hydroxypropyl

25 (meth)acrylate, glycerol mono (meth)acrylate,
pentaerythritol mono(meth)acrylate, trimethylolpropane
mono {meth)acrylate, tetramethylolthane mono (meth)acrylate,

butanediol mono(meth)acrylate, polyethylene glycol



oftene. Then, the systemwas heated to 50 [err]C with 5 stirring, and
ethyl ene was fed so that the pressure in the system became 10 kg/cn?.
Thereafter, polynerization reaction was carried out in the sane
manner as in Synthesis 1, except that ethylene was continuously fed
so that the pressure in the systemwa 10 maintained at 10 kg/cn2. As a
result, 19 g of an et hyl ene/ 1- octene/ st yrene/ EMND copol yner

copol ymer | _la ol yner. . (d e.molar ratio
f)f Pty cogg%fdgﬁfh&ﬁégg%%@g?f#%r#yteﬁoy ene Sl%%ﬁé?fa{:ﬂ%?\t units
derived fromalroahess waa Bofditet HOULEARIAGLENE) 1 -olPendd bhie gDl ar
ratio of the total of constituent units erive rom ethy ghe and
constituent urithander hgeBofAdfe 1-hydroxAait8Ae *igydoBshbtuegt units derived

fromstyrene was 96/ 4 (ethyl ene+l-octene/styrene). The copol ymer (d)
had_ an medhydolatrelahidd, a(msth idrylvidoryeengit yciderr]], as
5 ophosphate, glycerol monoacryl ether, allyl alcohol,
allyloxyethanol, 2-butene-1,4-diol and glycerol mono-
alcohol.
The amino group-containing ethylenicaly unsaturated
compounds are compounds which contain an ethylenically
10 unsaturated group and an amino group, and include vinyl

monomers containing at least one amino or substituted amino

group of the formula

15
wherein Rl is hydrogen atom, méthyl group or ethyl group,
and R2 is hydrogen atom, an alkyl group having 1 to 12,
preferably 1 to 8, or a cycloalkyl group having 6 tb 12,
preferably 6 to 8. The alkyl group and the cycloalkyl

20 group may have a substituent. o

Examples of the amino group-containing ethylenically

unsaturated compounds include, specifically, vinyl amine
derivatives such as aminoethyl (meth)acrylate,
propylaminoethyl (meth)acrylate, dimethylaminoethyl

25 methacrylate, aminopropropyl (meth)acrylate,
phenylamincethyl methacrylate and cyclohexylaminoethyl

methacrylate; acrylamide derivatives such as acrylamide and



20 nmeasured in decalin at 135 [err]C, of 3.4 dl/g. Synthesis 5

An et hyl ene/ propyl ene/ st yrene/ EMND copol yner (copolyner (f)) was

obtained in the same manner as in 25 Synthesis 1, except that

(di methyl (tert- butyl am de) (tetranethyl -[err]-

cycl opent adi enyl ) si | ane) di chl ori de ti%gniun1mas repl aced W th

| sopropyl i dene-bi s(indenyl)zirconiumdi"chl ori de

115 S A vent i on S he ¢ I r
(1), the monLrabAS stadndBRY TRk RS BEREE SicH o A AR SEREre

and 6-aminochexylsuccinimide and 2-aminocethylsuccinimide.
The epoxy group-containing ethylenically unsaturated
compounds are monomers which ¢ontéin at least one epoxy
5 group per molecule. Examples of the epoxy group-containing
ethylenically unsaturated compounds include glycidyl
acrvlate and glycidyl methacrylate; mono- and
dialkylglycidyl esters of dicarboxylic acids wherein an
alkyl group in the alkylglycidyl ester moiety may have 1 to
10 12 carbon atoms, such as mono- and diglycidyl ester of
maleic acid, mono- and diglycidyl ester of fumaric acid,
mono- and diglycidyl ester of crotonic acid, mono- and
diglycidyl ester of tetrahydrophthalic acid, mono- and
diglycidyl ester of itaconic acid, mono- and diglycidyl
15 ester of butenetricarboxylic acid, mono- and diglycidyl
ester of citraconic acid, mono- and diglycidyl ester of
endo-cis-bicyclo[2.2.1]hept-5-ene-2, 3-dicarboxylic acid
(Nadic Acid™), mono- and diglycidyl ester of allylsuccinic
acid; énd further alkylglycidyl esters of p-stylene-
20 carboxylic acid, allyl glycidyl ether, 2-methylallyl
glycidyl ether, styrene-p-glycidyl ether, 3,4-epoxy-1-
'butene, 3,4-epoxy-3-methyl-1l-butene, 3,4-epoxy-l-pentene,
3,4-epoxy-3-methyl-l-pentene, 5,6-epoxy-l-hexene and
vinylcyclochexene monooxide.
25 Examples of the unsaturated carboxylic acids include
unsaturated carboxylic acids such as acrylic acid,
methacrylic acid, maleic acid, fumaric acid,

tetrhydrophthalic acid, itaconic acid, citraconic acid,



éthyl ene to constituent units derived from propyl ene was 75/ 25
{ethyl ene/ propyl ene), and the molar ratio of the 5 total of constituent

units derived from ethyl ene and constituent units derived from

propyl ene to constituent units derived fromstyrene was 92/8

(et hyl ene+propyl ene/ styrene). The cqopphymer (f) had an | odi ne val ue
of 19 and an intrinsic viscosity [[err]], das 10 neasured in decalin at 135

[err]C of 1.0:@Ai% acig, iso?%@@@%f@ﬂﬁc% qgmaﬁﬁpene dlcagﬁﬁe Ro{aLion of

vul cani zed rubber m xer copol yner

(a) 15 prepaiednanuerptsss S2 11]ﬁ@éwﬁleﬁé@%—&@%rb%hcpéeﬂ&cw

in Mal aysia), zinc white, stearic acid, N 339 carbon blatk (Asabhi

#75[err], avwad al ?d&&@@b%ﬁ@fe@ﬁr&% deivat iR tcherkest, suchoaé (Sansen
4240[err] avai |l abl'e from N ppon San Sekiyu K K.)

. acid halides, amides, ‘imides and esters, more spec1f1ca11y,
5 malevl chloride, maleyl imide, maleic anhydride, itaconic

anhydride, citraconic anhydride, tetrahydrophthalic
anhydride, bicyclo[2.2.1]hept-2-ene-5,6-dicarboxylic
anhydride,. dimethyl maleate, monomethyl maleate, diethyl
maleate, dimethyl fumarate, dimethyl itaconate, diethyl

10 citraconate, dimethyl bicyclo[2.2.1]hept-2-ene-5, 6-
dicarboxylate, hydroxyethyl (meth)acrylate, hydroxypropyl
(meth)acrylate, grycidyl (meth)acrylate, aminocethyl
methacrylate and aminopropyl methacryvalte. Of these,
preferred are (meth)acrylic acid, maleic anhydride,

15 hydroxyethyl (meth)acryvlate, glycidyl methacryvlate and
aminopropyl methacrylate.

Examples of the vinyl ester compounds include vinyl
aceteate, vinyl propyonate, vinyl butyrate, vinyl
isobutyrate, vinyl pivalate, vinyl caprate, vinyl

20 versatate, vinyl laurate, vinyl stearate, vinyl phthalate,
vinyl t-butylphthalate, vinyl salicilate and vinyl
cyclohexanoate.

The polar monomer for the graft-modification can be
used in an amount of usually 0.1 to 100, preferably 0.5 to

25 80 parts by weight, based on 100 parts by weight of the

unsaturated olefin copolymer (A').



and an anti-aging agent (Nisopropyl-N -phenyl-p- 20 phenylenedi am ne,
trade nane: Nocrac 810-NA[err], avail able from Quchi  Shinko Kagaku
Kogyo K K.) were kneaded. To the " kneadate, a vul cani zation
accel erator TMIM a vul cani zati on accel erator OBS and sul fur were
added, and the m xture was kneb@&d by 8-inch rolls (front roll/back
roll: 65/65 [err]C, 25 16/18 rpm) to obtain an unvul cani zed conpounded
rubber . TheThmatmaddlcalubbditinasransotr casedin prhergragtuse, in
accordance with a conventional nethod using open rolls _
116 _ haadid isadd oadjprst edor oexample r | @ sonpartiar @eyoktadeaanBoary
viscosity [MJerr](100[err]C)] of 60.
azo coompound.
Specific examples of the organic peroxides include
5 dicumyl peroxide, di-t-butyl peroxide, 2,5-dimethyl-2,5-
bis (t-butylperoxy)hexyne-3, 1,3-bis(t-

. butylperoxyisopropyl)benzene, 1,l-bis(t-
butylperoxy)valerate, benzoyl peroxide, t-
butylperoxybenzoate,.acetyl perosede, isobutyryl perokide,

10 octanoyl peroxide, decanoyl peroxide, lauroyl peroxide,
3,5,5-trimethylhexanoyl peroxide, 2,4-dichlorobenzoyl
peroxide and m-toluyl peroxide. Examples of the azo
compounds include azoisobutyronitryle and
dimethylazoiscbutyronitlyle.

15 The radical initiator is desirably be used in an
amount of 0.001 to 10 parts by weight, based on 100 parts
by weight of the unsaturated olefin copolymer (A').

The radical ininiator may be used by mixing with the
unsaturated olefin copolymer (A') and the polar monomer, or

20 Dby dissolving in a small amount of an organic solvent. Any
organic solvent which.can dissolve the radical initiator
can be used without specific limination. Examples of the
organic solvent include aromatic hydrocarbons, such as
benzene, toluene and xylene; aliphatic hydrocarbons, such

25 as pentane, hexane, heptane, octane, nonane and decane,
alicyclic hydrocarbons, such as cyclohexane and

decahydronaphthalene; chlorinated hydrocarbons, such as

chlorobenzene, dichlorobenzene, trichlorobenzene, methylene



Copol yner (a): 30 parts by weight 5 Nat ural rubber: 70 parts by

wei ght Zinc white: 5 parts by weight Stearic acid: 1
part by wei ght N-339 Carbon black: 75 parts by wei ght

Napht henic oil: 60 parts by weight 10 Anti-aging agent: 1 part by

wei ght Vul cani zati on accelgmator TMIM 0.5 part by wei ght

Vul cani zation accel erator OBS: 1.2 parts by wei ght - SuILgr 2d0
arts by wei 5 a rubber obtai ne
gbove més gﬂiortgﬁkac%%ﬁr%%ﬂﬁfnggﬁghg EEE?Qcﬁf?PBEQﬁ%%% havi ng been

heated to 16fetfidchlordatfIRRR;e a@.c‘éﬂb‘iagbi@gnﬁé'b b§t5c1§ h&flnethanolNaVi NG a
thlckness of 2 mm Then, the vul cani zed rub

ethanol, n-propanol, 1so-propanol, n-butanol, sec-butanol
and tert-butanol; ketone solvents such as acetone, methyl
5 ethyl ketone, and metﬂyl isobutyl ketone; ester solvents,
such as ethyl acetate and dimethyl phtalate; ether
solvents, such as dimethyl ether, diethyl ether, di-n-amyl
ether, tetrahydrofuran and dioxyanisocle.
In the graft modification of the unsaturafed olefin

10 copolymer (A'), there can be used an reducing material,
which may serve to increase the graft amount in the
resulting graft-modified copolymer (A').

The reducing material includes not only iron(II) ion,
chromium ion, cobalt ion, nickel ion, palladium ion,

15 sulfite, hydroxylamine and hydfazine but also compounds
containing groups such as -SH, SO3H, -NHNH; and -COCH(OH)-.

Examples of such reducing materials include ferrous
chloride, potassium bichromate, cobalt chloride, cobalt
naphthenate, palladium chloride, ethanolamine,

20 diethanolamine, N,N—dimethylanil%ggi_hydrazine,
ethylmercaptan, benzenesulfonic acid and p-toluenesulfonic
acid.

The reducing material can be used in an amount of
usually 0.001 to 5 parts by weight, preferably 0.1 to 3

25 parts by weight, based on 100 parts by weight of the
unsaturated olefin copolymer (A').

The graft modification of the unsaturated olefin

copolymer (A') can be carried out in a conventional manner.



sheet was subjected to the above-described tests. The 20 results are set
forth in Table 1. Exanple 2 - The procedure of Exanple 1
was repeated, except that a copol ynmer (b) prepared in Synthesis 2 was
used in place of 25 the copolyner (a). The results are set forth in
Tabl e 1. 103 117 The

procedure of Exanple 1 was repeated, except that a copol ynmer (c)
prepared in Bynt&ransls, VEite UsththiraRledCeoBblymer (ANE LORBIPSP)in The
results are set forth in Table 1
an organic solvent, and to the solution is then added the
polar monomer and the radical initiator to react them at 70
to 200 °C, preferably 80 to 190 °C, for 0.5 to 15 hours,
5 preferably 1 to 10 hou?s.

There is no specific limitation on the organic solvent
used for graft modifying the unsaturated olefin copolymer
(A'), and any organic solvents can be used as far as they
dissolve the unsaturated.copolymer (A7) .

10 Examples of such organic solvents include aromatic
hydrocarbon solvents such as benzene, toluene and xylene;
and aliphatic hydrocarbon solvents such as pentane, hexane
and heptane.

The unsaturated copolymer of ethylene can be reacted

15 with the polar monemer in the ébsence of any solvent using
an extruder or the like to prepare a graft modified
unsaturated copolymer of ethylene. In this case, the
reaction temperature isg usually not lower than the melting
point of the unsaturated olefin copolymer (A'),

20 specifically, in the range of 120 to 250 °C. The reaction
time under such temperature condition is usually in the
range of 0.5 to 10 minutes.

In the graft modified unsaturated olefin copolymer
(A') thus prepared, the graft amount of the graft group

25 derived from the polar monomer is in the range of usually
0.1 to 50 % by weight, preferably 0.2 to 30 % by weight.

In the rubber composition for tire tread of the

present invention, the weight ratio of the unsaturated



5 Exanple 4 The procedure of Exanple 1 was repeated, except
that a copol yner (d) prepared in Synthesis 4 was used in place of
the copolyner (a). The results are set forth in Table 1. 10 Exanple 5
The procedure of Exanple 1 was repeated, except that a - copol yner . (f)
prepared in Synthesis 5 was used in Pézce of t he copol yner (a). The
results are set forth in Table 1. 5 Conparative Exanple 1

To ooy gt Eiml v (SRESLEL BEEERLLAML o) 10 S0 GEP0

t hyl / hyl ene/ pr opyl ene
Cby oty O GpRgE e IR, (SEBPLMIBLy (£)0e eq 30/00Y | ST Ter TV
neasured in decahﬂ&é%ﬁﬂﬁ%&‘E%hbbgitgoﬁ for tire tread of the present

invention is a vulcanizable rubber composition and is

5 usually used after vulcanized though it can also be used as
an unvulcanized composition. The vuléanization can be
carried out using a vulcanizing agent by heating or without
using a vulcanizing agent by irradiating electron rays.

When the rubber composition for tire tread of the

10 present invention is vulcanized by heating, a compound
which forms a vulcanization system such as a vulcanizing
agent, vulcanizétion accelerator, vulcanization aid or the
like can be added to the rubber composition.

As the wvulcanizing agents,_the above described

15 vulcanizing agents (D) can be used singly or in
combination.

Of the above-described vafious vulcanizing agents,
sulfur or a sulfur compound, in particular sulfur, is
preferably used because the rubber composition having

20 excellent properties can be ocbtained.

When the vulcanizing agent is sulfur or a sulfur
compound, it can be used in an amount of 0.05 to 15,
preferably 0.15 to 5 parts by weight, based on 100 parts by
weight of the unsaturated olefin copolymer (A').

25 When the sulfur or sulfur compound is used as the
vulcanization agent, it is preferable to use a

vulcanization accelerator in combination.



dl/g) was used. The results are set forth in Table 1

118 Table 1

Exanpl e Conp. 1 2 3

5z 1 Unsaturated ol efin copol yner Copol yner (a)

30 - - - - 105 Copol yner (b) -

30 - - - - Copol ynmer (c) - - 30

- - - As thdRRAICHMZatdbn accelerators, the same - 30

- Copol yner (e) - - - - - 100

Copol yner (f)accelerators described- for the composi¥ion for tireDsgae rubber
70 70 70 70 70 - Car bon bl ack

75 75 wallb can He usedd 75 Vul cani zati on agent (sul fur)

2.0 2.0 2.0 2.0 2.0 2.0 Physi cal properties

It is preferable .that the vulcanization accelerator is
5 used in an amount of 0.1 to 20, preferably 0.2 to 10 parts
by weight, based on the unsaturated olefin copolymer (A').

When the organi; peroxide is used as the vulcanizing
agent, it is preferable to use a vulcaniéation aid in an
amount of 0.5 to 2 mol, more preferably about 1 mol, per

10 mol of the organic peroxide.

Examples of the vulcanization aid include sulfur;
quinone dioxime compounds, such as p-quinone dioxime; and
further polyfunctional monomers, e.g., (meth)acrylate
compounds such as trimethylolpropane trimethacrylate and

15 polyethylene glycol dimethacrylate; allyl compounds, such
as diallyl phthalate and tria}lyl cyanurate; maleimide
compounds, such as m-phenyvlene maleimide; and divinyl
benzene.

The rubber composition for tire treéd according to the

20 present invention can further cqqggise conventional rubber
compounding ingredients, for example, rubber reinforcing
agents such as carbon black and finely-divided silicic
acid; softening agents; fillers such as calcium carbonate
light, calcium carbonate heavy, talc, clay and silica;

25 tackifiers; waxes; binder resins; zinc white; antioxidants;
ozone crack inhibitors; and processing aids. These
compounding ingredients may be used singly or in

combination.



Tlerr] (MPa) 16 19 20 20 14~ 12 E[err]

(9 500 600 640 580 480 500 H err] (JIS A 56
58 57 56 54 55 Ext ensi on 40 % (tinmes)
>10[err] >10[err] >10[err] >10[err] >10[err] 45000 80 % (tinmes)
35000 42000 66000 51000 34000 9400 106 150 % (tines)- 12000 18000
35000 28000 11000 4100 tan [err] (25[err]C) 0.08 0.07 0.05 0.06
0.10 0.15 ThwdigFdireifg agent can b epdded oD 0f amoaatubdt 2d

ol efin copolynmer (A) A l1-liter reaction vessel equipped with a

condenser to dand ,a paieiflerablwa30t bor b hbayr frirge dvedighit, nbasedean 20@ t he
reaction vessel was charged with 495 m of toluene, 5 m of 10 styrene
and 5 ml of Samtshydy edohyl pdehbe 1t Ftabnatli Bre unsatur@ERN) cdaflinhen
saturated with ethylene with stirring. Then, the system was heated to
35[err] C, andapaivmsr (A') apdt Aheofliene oxerlkey ndhuf adiugenebyl Togkemquzo

K K, 10 wt % toluene solution) and 0.03 mmvl (0.01 MMt ol uene
sol uti on) the reinforcing agent is added in a greater amount, the

braking ability on wet road (wet skid) is enhanced, while
rolling resistance tends to be lowered. On then other
hand, when the reinforcing agent is added in a smaller
amount, abrasion resistance tends to be.lowered.

10 The rubber composition for tire tread according to the
present invention can be prepared by a conventional method
for compounded rubbers. For example, the unsaturated
olefin copolymer (A'), the diene rubber (B), and
optionally, compounding ingredients are kneaded together in

15 an internal mixer,. such as a Banbury mixer, a kneader or
inter mixer, at a temperature of 80 to 170 °C for 3 to 10
minutes. The kneadate obtained, if necessary, after
addition of the wvulcanizing agent, vulcaqization
accelerator or vulcanizing aid thereto, is further kneaded

20 wusing rolls such as open rolls or a kneader, at a roll
temperature of 40 to 80°C for 5 to 30 minutes, followed by
rolling, to obtain a compounded rubber. When the kneading
in the internal mixer is carried out at a low temperature,
for example lower than 60 °C, the wvulcanizing agent,

25 wvulcanization accelerator, foaming agent and the like can
also be kneaded at the same time.

The vulcanized product (vulcanized rubber) of the

composition for tire tread according to the present



119 of (dinmethyl (t-butylam de)(tetranethyl-[err]-

cycl opent adi enyl )si |l ane)titani um di chl ori de were added. The

pol ymeri zati on was perforned at 40[err]C for 60 m nutes whi | e
continuously feeding ethylene at a rate of 100 N 5 liter/hour. After the
pol ymeri zati on was conpl eted, 250 mi of isobutyl alcohol and 10 m of
aqueous hydrochloric acid wer e added, foll owed by heating wth
stirring at ].C_f ' 17 |n|ng
i sobut yl %Q{ﬁr{t 5 %\Nasbte r 8%?8%%@35 fsvaﬂ_g:?h o%g‘?’ﬁltéi nne}:H %{»é‘
twice wth zﬁéﬁaﬂ&le"‘@h%lcaﬂgzééeﬁﬂbér V@éngfos%ﬁﬁ%rr@t 'SOBremolde&’an?nto
performed. Then, the oil |ayer was added to liters

a des;red shape using, for example, a molding machine such
as a calendar roll, a press, an injection molding machine
5 or a transfer molding machine, and then or at the same time
of the molding, the vulcanization is carried out by heating
in a vulcanizer or by irradiation of electron rays.
In order to effect the vulcanization, various heating
means, such as hot air, glass beads fluidized bed, UHF
10 (ultra high frequency electromagnetic wave), steam or LCM
(liquid molten salt bath), can be emploved. It is
preferable that the heating is carried out at a temperature
of 150.fo 270°C for 1 to 30 minutes.
Further, when the vulcanization is performed by
185 irradiation of electron rays without the use of any
vulcanizing agent, the premolded rubber composition
obtained as above can be irradiated with electron rays
having an energy of 0.1 to 10 MeV, preferably 0.3 to 2 MeV,
so that the dose becomes 0.5 to 35 Mrad, preferably 0.5 to

20 10 Mrad.

In the vulcanization, a mold may or may not be used.
In case where the mold is not used, the vulcanization is
usually carried out continuously,
The vﬁlcanized rubber obtained as described above has
25 excellent strength properties, abrasion resistance and
braking ability on wet road as well as small rolling
resistance so that it is suitable for use as a tire tread

rubber.



of nmethanol to precipitate a polynmer. The precipitated pol ymer was

vacuumdried at 130[err]C for 12 hours. The yield was 7.4 g. 15

The nolar ratio (ethylene/styrene) of ethylene to styrene,
constituting the resulting unsaturated olefin copol ynmer (copol yner
rubber (g)), was 98/ 2 and the iodine1 val ue was 18. The intrinsic
viscosity [[err]] neasured in dé%%lin at 135[err]C was 4.5 dl/g. The
results are summari zed 20 in Table 2. Synthesis 7 to Synthesis

10 - The procedure of Synthesis 6 was repeated, except that

the charge anount of nononers ‘é@?E?ﬂE@ﬂ%ﬁ%%ﬁ\%ﬁW”t 25 shown in
Table 2, to obtain unsaturated olerTn copolymers (copol yner rubbers
(h) to (k)), respeﬁ{é VRlober! RembBetisn for tHFE STHWWEIN TekbedZng to

the invention has excellent strength properties and flex

5 fatigue resistance. From the rubber composition, a tire
side wall of low fuel consumption can be obtained.

The rubber composition.for tire tread according to the
invention can provide a tire tread having excellent
strength properties, abrasion resistance and braking

10 ability on wet road (wet skid) as well as small rolling

resistance.

EXAMPLE
The present invention is further described with
15 reference to the following examples, but it should be
construed that the invention is. in no way limited to those

examples.

Test Method

Tensile test
20 Tensile strength (TB) and elongation (EB) were
measured in accordance with JIS K 6301.

Hardness test

JIS A hardness (HS) was measured in accordance with

JIS K 6301.
25 Extension fatigue test (Monsanto fatigue test)

The wvulcanized rubber sheet was punched to prepare a
dumbbell specimen of No. 1 described in JIS K 6301, and a

longitudinal notch of 2 mm was given to the center of the



120 Synthesis 11 An unsaturated ol efin copol yner (copol yner rubber
(1)) was obtained in the sane manner as in Synthesis 10, except the

catal yst was replaced with isopropylidene- bis(indenyl)zirconium

di chl ori de synthesized by a conventional process. The results are shown in
Tabl e 2. 109

specimen. Out of 60 specimens obtained as above, 20
specimens were extended until they had an extensibility of
40 %,_and they were fatigued under the conditions of a
preset temperature of -40 °C and a revolution speed of 300
5 rpm, to obtain a mean value of the number of revolutions at
which the dumbbell specimen was broken. Further, an
extension fatigue test was carried out in the same manner
as above, except that the extensibility was varied to 80 %
or 150 %.
10 Monsanto fatigue tester
Frequency: 5 Hz
Temperature: 27 °C
Dynamic viscoelasticity test
A vulcanized rubber sheet having a thickness of 2 mm
15 was subjected to dynamic viscoelasticity test using a
viscoelasticity tester (RDS-2 model) available from
Rhecmetric Co. under the conditions of a measuring
temperature of 25 °C, a frequency of 10 Hz and a strain of
1 %, to obtain dynamic modulus (kg/cm?) and loss dynamic
20 modulus (kg/cm?). Using these values, dissipation factor
(tand) was calculated from the following equations.
Gg. = G' +1G"
(Gs: static modulus, real part G': dynamic modulus,
imaginary part G": loss of dynamic modulus)
25 tan 8 = G"/G’
The dissipation factor (tan 0) is an indication of
fuel consumption properties, and thé smaller the

dissipation factor value, the lower the fuel consumption.



121 Table 2 Copol ymer rubber

(g) (h (i) (1) (k) (1) Polynerization conditions Char ged
tol uene (m) 495 480 470 400 450 495 Char ged
styrene (m) 5 20 30 100 50 5 Char ged
pol yene (m) 5 8 1 5 3 - 5 React i on
tenperature ([err]C 40 30 §8 30 40 40 Reacti on

time (n1n )
7.4

Ethylen6/StYL§Q§é£rﬁngrlal the

Feois thparetitply’ known' Bhot, afR Seratt s BPLHGP o

W2 318 1 8% A2ecO 40 LA on o

Ki nd of polyene

lodi ne val ueg é@?axe’er&#)t&fe) 58 a tiondl to th
Intrinsic VISCOS (dl'/g) appl4.g st%.%n ag%.%ﬁ pr%§§{ lofﬁB o4.0e

frequency and tan §. The more the force transferred to a

-

tire is consumed as heat, not but rolling force, the worse

is fuel consumption. Therefore, a tire side wall material

having a small value as tan § which relates to generation
of heat can be considered as a material of low fuel
consumption.
10 Rambong abrasion
Measured using a rambong abrasion tester available
from Iwasaki Seisakusyo K.K. under the following
conditions:
Measuring conditions:
15 Load: 3 kg
Peripheral speed of sample: 150 m/min
Peripheral speed of wheel: 100 m/min
Tan 8

The tan & value of the rubber composition for tire
20 tread was measured using a dynamic_spectrometer available
from Rheometrics Co. under the following conditions:
Measuring conditions:
Share strain: 0.5 %
Frequency: 15 Hz
25

Synthesis 1



ENB: 5-ethylidenenorbornene EMN\: 8-nethyl-4-ethylidene-1, 7-nonadi ene

122 Exanples 6 to 11 and Conparative Exanples 2 to 6

Copol ynmer rubbers (g) to (1) of Synthesis 6 to Synthesis 11 were each
mxed i n accordance wth Tabl e 3 or Table 4. The resulting m xture
was kneaded by 8-inch open rolls g d t hen vul cani zed at 150[err]C for
20 mnutes to obtain a vulcanlz rubber. Then, the physical
properties of eac bber The
rubber properti es%mer e5 elvla uate %%qal;’% QIS O\é@o?m@&"ﬁ‘fycé&&e% est

met hods. Nan%i’trég}@u,sgrﬁqum autoclave was charged with 430 ml of

hexane, 50 ml of styrene and 8 ml of 4-ethylidene-8-methyl-
1,7-nonadiene (EMND). - Further, propylene was introduced so
5 that the pressure in the system became 2.5 kg/cm?. Then,
the system was heated to 40 °C with stirring, and ethylene
was fed so that the pressure in the systém became 8 kg/cm?2.
Into a different reactor, 9.2 mmol of methylaluminoxane
(available from Tosoh Aquzo K.K., 3 wt$% toluene solution)
10 and 0.018 mmol of (dimethyl (tert-butylamide) (tetramethyl-
n°-cyclopentadienyl)silane)dichloride titanium synthesized
by a conventional process were introduced. After the
resulting solution was stirred for 15 minutes in the
reactor, the solution was transferred into the autoclave to
15 initiate polymerization. To the autoclave, ethylene was
continuously fed so that the pressure in the system was
maintained at 8 kg/cm? during the polymerization, and the
polymerization was performed for 30 minutes. Thereafter, 5
ml of methanol was added to terminate the polymerizatiomn.
20 After the polymerization was completed, a polymer was
precipitated from the reaction solution with 1 liter of
methanol. The precipitated polymer was washed twice with 1
liter of methanol and then vacuum dried at 130 °C for 12
hours. As a result, 14 g of an
25 ethylene/propylene/styrene/EMND copolvmer (copolymer (a))
was obtained. 1In the copolymer (a), the molar ratio of
constituent units derived from ethylene to constituent

units derived from propylene was 73/27



10 characteristics were evaluated by the tensile strength (TB), the

abrasi on resi stance was eval uated by the ranbong nmet hod, the braking
performance on wet road (wet skid) was eval uated by tan [err] at
Oferr] C using a spectroneter and the rolling resistance was eval uat ed
by tan [err] at 50[err]C using a 1511%pectroneter, respectively.

123 abl e 3 Anount :
parts by We'ggﬁhylene/propylene), and the molar r%&%ﬁmﬁ%&?&f total of

Conpar ati ve
Exanpl e No. oonstit®ent units’ derived frBm ethylené and constituent

units_derived from propylene to constituent units derived
from styrene was 94/6 -({ethylenet+propylene/styrene). The
5 copolymer (a) had an iodine value of 22 and an intrinsic

viscosity [n], as measured in decalin at 135 °C, of 2.2

dl/g.

Synthesis 2

10 A 1.5-1liter autoclave was thoroughly purged with
nitrogen, and the autoclave was charged witﬁ 430 ml of
toluene, 40 ml of styrene and 4.5 ml of EMND. Further,
propylene was introduced so that the pressure in the system
became 3.0 kg/cm?. Then, the system was heated to 40 °C

15 with stirring, and ethylene was fed so that the pressure in
the system became 10 kg/cm?.

Thereafter, polymerization reaction was carried out in
the same manner as in Synthesis 1, excepf that ethylene was
continuously fed so that the pressure in the system was

20 nmaintained at 10 kg/cm?. As a result, 18 g of an
ethylene/propylene/styrene/EMND copolymer (copolymer (b})
was obtained. In the copolymer (b), the molar ratio of
constituent units derived from ethylene to constituent
units derived from propylene was 78/22

25 (ethylene/propylene), and the molar ratio of the total of
constituent uﬁits derived from ethylene and constituent
units derived from propylene to constituent units derived

from styrene was 95/5 (ethylene+propylene/styrene). The



Copol yner rubber (A") *1 (9) 30 -

- - - (h) - 30 -
- - () : - - 30
- (k)_ 0) - ) - 320
- _ - 11 - - -
EPDM *2 - 3 - - 20 -
Egene rubber ééa%i¥§$¥?(b) had an iodjpe vglue 4P 25 and ég)lntr1n31c i
- Carbon b|a£$SC031ty n]. &s mé@@ured in #ecalin at4P3s5 °c, of 453 45
Zinc white 2 2 2
Sul fur dl/g. 1.5 1.5 1.5 1.5 1.5
Vul cani zati on accelerator *6 1.2 1.2 1.2
1.2 1.2 Physi cal properties T[err] (MPa) 237
228 ° 192 188 175

5 Svnthesis 3

A 1.5-liter autoclave was thoroughly purged with
nitrogen, and the autoclave was charged with 460 ml of
toluene, 35 ml of styrene and 8 ml of EMND. Further, 1-
butene was introduced so that the pressure in the system

10 Dbecame 1.7 kg/cm?2. Then, the system was heated to 40 °C
with stirring, and ethylene was fed so that the pressure in
the system became 10 kg/cm?.

Thereafter, polymerization reaction was carried out in
the same manner as in Synthesis 1, except that ethylene was

15 continuously fed so that the pressure in the system was
maintained at 10 kg/cm?. As a result, 15 g of an
ethylene/l-butene/styrene/EMND copolymer (copolymer (c))
was obtained. In the copolymer (c), thelmolar ratio of
constituent units derived from ethylene to constituent

20 units derived from l-butene was 82/18 (ethylene/l-butene),
and the molar ratio of the total of constituent units
derived from ethylene and constituent units derived from 1-
butene to constituent units derived from styrene was 95/5
(ethylene+l-butene/styrene). The copolymer (é) had an

25 iodine value of 27 and an intrinsic viscosity [Ml, as

measured in decalin at 135 °C, of 3.0 dl/g.

Svnthegig 4



Ranbong abr asi on 0. 049 0. 050 0. 057 0. 063

0.088 tan [err] ([err]C *7 0. 28 0. 30 0.31 0.48
0.41 tan [err] (50[err]C) *8 0. 055 0. 061 0. 066 0. 15
0.3 124

Tabl e 4 114 Amount: parts
by wei ght Exanpl e No.

Conpar at i ve Exanpl,e 11 9 1 11
4 5 A 1Ng liter e%53?§%%$ W§ﬁﬂFrproughly purg?g:ylgh xq1

E%g nitroge%? and theZ%ﬁtoclave was charged W?th 430 ml gf B i
(1) toluene, 30 ml-of styrene, 8 ml of EMND and 480m1 of 1--

' Kk
EJ) - octene. Then; the system was heated to 50 °C with (0
5 stirring, and ethylene was fed so that the pressure in the

system became 10 kg/cm?.

Thereafter, polymerization reaction was carried out in
the same manner as in Synthesis 1, except that ethylene was
continuously fed so that the pressure in the system was

10 maintained at 10 kg/cn@.. As a result, 19 g of an
ethylene/l-octene/styrene/EMND copélymer (copoclymer (d))
was obtained. 1In the copolymer (d), the molar ratio of
constituent units derived from ethylene to constituent
units derived from l-octene was 85/15 (ethylene/l-octene),

15 and the molar ratio of the total of constituent units
derived from ethylene and constituent units derived from 1-
octene to constituent units derived from styrene was 96/4
(ethylene+l-octene/styrene). The copolymer (d) had an

iodine value of 24 and an intrinsic viscosity [11], as

20 measured in decalin at 135 °C, of 3.4 dl/g.

Synthesis 5
An ethylene/propylene/styrene/EMND copolymer
(copolvmer (f)) was obtained in the same manner as in
25 Synthesis 1, except that (dimethyl (tert-
butylamide) (tetramethyl-1n°-
cyclopentadienyl)silane)dichloride titanium was replaced

with isopropylidene—bis(indenyl)zirconiﬁm dichloride



(L)

- - 30 - - -

3

2

EPDM *2 - - - - -

Di ene rubber (B) NR *3 50 . 50 70

100 40 70 SBR *4 30 30

- - Carbon bhagk *5 45 45 45

45 45 Zi nc mhlte 2

2 1.

1.5 1. SSyntheSizéd by %l{%%rg{lelnztalﬁng% P rOceSglcce er at or Oé%ﬂme

']I:[ 2 | (I\/]F; j%f) ' thejmglar ratlje %f cons%l%uent unf”ﬁ'é’sd@fi‘ived szfanert i es
err a

181 Ranbeggy Qéﬁéstéﬂbonsﬂlﬂﬁgit ud@t@4aer1ved Er&ﬁqpropﬁléﬁilwas 0.075

0. 085 tan[err] (O[err]O*7 0.32 0.14

0.53 0.145/25 {(athybend/draithvareneld),* &n& eﬁa molarOﬁatlo of the56

0. 045 0. 095 0. 060 Note of Table 3 and Table 4 *1. see

Synt hesi $ 6 tot&ynohesosstiiituent wrdtsEdeylisrd/ fropyéemgl ehermdopol yner

rubber

10

15

20

25

*3: Natural rubber, RSS#3 .
constituent units derived from propylene to constituent

units derived from styrene was 92/8
(ethylene+propylene/styrene). The copolymer (f) had an

iodine value of 19 and an intrinsic wviscosity [1], as

measured in decalin at 135 °C, of 1.7 dl/g.

Example 1
Preparation of vulcanized rubber

In a 1.7-liter Banbury mixer, the copolymer (a)
prepared in Synthesis 1, natural rubber (No. RSS1, produced
in Malaysia), zinc white, stearic acid, N-339 carbon black
(Asahi #75™, available from Asahi Carbon K.K.), naphthenic
0il (Sansen 4240™, available from Nippon San Sekiyu K.K.)
and an anti-aging agent (N-isopropyl-N'-phenyl-p-
phenylenediamine, trade name: Nocrac 810-NA™, available
from Ouchi Shinko Kagaku Kogyo K.K.) were kneaded. To the
kneadate, a vulcanization accelerator TMTM, a vulcanization
accelerator OBS and sulfur were added, and the mixture was
kneaded by 8-inch rolls (front roll/back roll: 65/65 °C,
16/18 rpm) to obtain an unvulcanized compounded rubber;
The natural rubber was masticated, prior to use, in

accordance with a conventional method using open rolls

0

5



*4: Styrene/butadi ene copol ymer rubber, N ppol 1502 (trade mar k)
manuf act ured by N ppon Gosei Gonu Co., Ltd.

125 *5: N339 (trade mark) manufactured by Asahi Carbon Co., Ltd.
*6: N-t-butyl--2-benzothiazyl sulfenam de *7: The | arger the val ue of
tan [err] (O[err]C), the better the 131 braki ng properties. *8: The
smal l er the value of tan [err] (50[err QD the smaller the rolling

resistance a@%ﬂ&%@ %@%h'sathEe&“Eé &8&%f;nd thereby had a Mooney

viscosity [ML71.4(100°C)] of 60.

Copolymer (a): 30 parts by weight
5 Natural rubber: 70 parts by weight

Zinc white: 5 parts by weight
Stearic acid: 1 part by weight
N-339 Carbon black: 75 parts by weight
Naphthenic oil: 60 parts by weight

10 Anti-aging agent: 1 part by weight
Vulcanization accelerator TMTM: 0.5 part by weight
Vulcanization accelerator OBS: 1.2 parts by weight

Sulfur: 2.0 parts by weight

15 The unvulcanized compounded rubber obtained above was
heated for 10 minutes by means of a press having been
heated to 160 °C, to prepare a vulcanized rubber sheet
having a thickness of 2 mm. Then, the vulcanized rubber
sheet was subjected to the above-described tests. The

20 results are set forth in Table 1.

Example 2
The procedure of Example 1 was repeated, except that a
copolymer (b) prepared in Synthesis 2 was used in place of

25 the copolymer (a). The results are set forth in Table 1.

Example 3



126 VWhat is clainmed is: 1. A rubber conposition for tire

side wall, conpri si ng: (A) an unsaturated ol efin copolyner
prepared from 5 (i) ethylene, (ii) an aromatic vinyl
conpound, (iii) a non-conjugated pol yene, and optionally

(iv) an a-olefin having 3 or nore carg? at ons, i n which the nol ar
ratio [(i)/(iv)] of constitutent uni t 10 derived fromethylene (i) to

ComSLyfuent 0l HELL ML o mlltal kLS8 BES Ot s
ratio [ééﬁgfﬁég)(c()' ';)rlep%.&ehhﬁnsglmeﬂegfgsé v&auseq}selaqlitns pqgc'evgg

the copolymer (a). The results are set forth in Table 1.

5 Example 4
The procedure of Example 1 was repeated, except that a
copolymer (d) prepared in Synthesis 4 was used in place of

the copolymer (a). The results are set forth in Table 1.

10 Example 5

The procedure of Example 1 was repeated, except that a
copolymer (f) prepared in Synthesis 5 was used in place of

the copolymer (a). The results are set forth in Table 1.

15 Comparative Example 1
The procedure of Example 1 was repeated; except that
the copolymer (a) was not used and 100 parts by weight of
an ethylene/propylene/EMND copolymer (copolymer (e),
ethylene/propylene (by mol) = 68/32, iodine value: 22,

20 intrinsic viscosity [N] measured in decalin at 135 °C: 2.2

dl/g) was used. The results are set forth in Table 1.



fromethylene (i) and constituent units derived fromthe a- 15 olefin

having 3 or nore carbon atons (iv) to constitutuent units derived
fromthe aromatic vinyl conpound (ii) is in the range of from98/2 to
60/ 40, the intrinsic viscosity [[err]] measured in decalin at
135[err]Cis in the range of from 448 1.0 to 6.0 dl/g, and the iodine
nunber is in the range of 20 from1l0 to 50; and (B) a diene
rubber . 2. The rubber cogpgsition for tire side wall according
to claim1, wherein the aromatic vinyl conpound (ii) is an 25 aromatic
vi nyl conpound represented by the foll ow ng general fornula:
Comp.
Example Ex.
1 2 3 4 5 1
Unsaturated olefin : -
copolymer
Copolymer (a) 30 - - - - -
. Copolymer (b) - 30 - - - -
Copeolymer (c) - - 30 - - -
Copolymer (4) - - - 30 - -
Copolymer (e) - - - - - 100
Copclymer (f) - - - - 30 -
Diene rubber
NR 70 70 70 70 70 =
Carbon black 75 75 75 75 75 75
Vulcanization agent
(sulfur) 2.0 2.0 2.0 2.0 2.0 2.0
Physical properties
Tg (MPa) 16 19 20 20 14 12
Eg (%) 500 600 640 580 480 500
Hg (JIS A) 56 58 57 56 54 55
Extension
40 % (times) >105 | >105 | >105 | >105| >105 |45000
80 % (times) 35000 | 42000 | 66000 {51000 | 34000 9400
150 % {times)- 112000 (1800035000 (2800011000 4100
tan & (25°C) 0.08{ 0.07| 0.05| 0.06| 0.10| 0.15

5 Synthesis 6

Preparation of unsaturated olefin copolymer (A')

A l-liter reaction vessel eé&ibped with a condenser
and a stirrer was thoroughly purged with nitrogen, and the
reaction vessel was charged with 495 ml of toluene, 5 ml of

10 styrene and 5 ml of 8-methyl-4-ethylidene-1,7-nonadiene
(EMN) and then saturated with ethylene with stirring.
Then, the system was heated to 35°C, and 9 mM of

methylaluminoxane (manufactured by Toso Aquzo K.K., 10 wt%

toluene solution) and 0.03 mmol (0.01 mM toluene solution)



127 [err] wherein R err] and R err] nmay be the sane or

different and are each a hydrogen atomor an alkyl group of 1 to 8
carbon atons; 5 R3 is an al kyl group having 1 to 8 carbon atons, al koxy
group, carboxyl group, acyloxy group, acyl oxy-substituted al kyl
group, hydroxyl group or hal ogen atomgq g is an I nteger of fromO to
5, and nis an integer of fromO to 2. 10 3. The rubber

compr; si ng c&tbdiBesB (e BuruTERice) (Cetranataniiaiong agent (D), in
addi tion to %g%l%%%%%ggggggl)silane)titanium dichloride were added.
The polymerization was performed at 40%2 for 60 minutes
. while continucusly feeding ethylene at a rate of 100 N
5 1liter/hour. After the polymerization was completed, 250 ml
. ' of isobutyl alcohol and 10 ml of aqueous hydrochloric acid
were added, followed by heating with stirring at 80°C for
30 minutes. The reaction éolution containing isobutyl
alcohol was transferred to a dropping funnel and washed

10 twice with 250 ml of water, and then oil-water separation
was performed. Then, the oil layer was added to 3 liters
of methanol to precipitate a polymer. The precipitated
polymer was vacuum dried at 130°C for 12 hours. The yield
was 7.4 g.

15 The molar ratio (ethylene/styrene) of ethylene to
styrene, constituting the resulting unsaturated olefin
copolymer (copolymer rubber (g)), was 98/2 and the iodine
value was 18. The intrinsic viscosity [Nn] measured in
decalin at 135°C was 4.5 dl/g. The results are summarized

20 in Table 2. om e

Synthesis 7 to Synthesis 10

The procedure of Synthesis 6 was repeated, except that
the charge amount of monomers was changed to the amount
25 shown in Table 2, to obtain unsaturated olefin copolymers
(copolymer rubbers (h) to (k)), respectively. The results

are shown in Table 2.



ol efin copolynmer (A) and the diene rubber (B). . 15 4. The rubber
conposition for tire side wall according to any one of clainms 1 to 3,
wherein the content . of the unsaturated olefin copolynmer (A is from 20
to 80 parts by weight and the content of the diene rubber (B) is
from20 to 80 parts by weight, based 100 parts by weight 20 of the
total amount of the unsaturated ol efim copol yner (A and di ene rubber

(B). thasi he, rubber conposition for tire side wall
according to-ar claims 1 to 4, wherein the non- 25 conjugated
polyene (iii) is ﬂh {Jﬁgé{:ngge@O&é:ﬂq{ "égﬂ)toq_q;rner (copolymer rubber (1))
was obtained in the same manner as in Synthesis 10, except
the catalyst was replaced with isopropylidene-
5 Dbis(indenyl)zirconium dichloride synthesized by a

conventional process. The results are shown in Table 2.



128 triene or tetraene selected from conpounds represented by t he

foflow ng general formula (lIl1-a), constituent units derived fromthe
non- conj ugat ed pol yene bei ng represented by the followi ng general
formula (11-b), and conpounds 5 represented by the foll ow ng general
formula (111-a), consti tuent uan$1derived from t he non-conj ugat ed
pol yene being represented by the Tollowi ng general fornmula (Il11-b):
[err] 10 Table 2

Copolymer rubber (g) (h) (i) (4) (k) (1)

Polymerization conditiomns °

Charged toluene (ml) 495 480 470 400 450 495
\ Charged styrene (ml) 5 20 30 100 50 5
Charged polyene (ml) 5 8 5 3 - 5
Reaction temperature (°C) 40 30 30 30 40 40
Reaction time (min.) 60 75 75 75 60 60
Yield (g) 7.4 5.2 5.0 9.5 15 -

Physical properties of rubber

Ethylene/styrene (mol) 9872 | 91/9 | 88712 | 60/40| 77/23 | 98/2
Kind of polyene EMN EMN ENB ENB - EMN
Jodine value (g/100 g rubber) 18 33 22 8 0 17
Intrinsic viscosity-(dl/g) 4.5 2.5 1.8 1.3 1.3 4.0

ENB: 5-ethylidenenorbornene

EMN: 8-methyl-4-ethylidene-1,7-nonadiene



wherein p and q may be the sane as or different from each ot her, and

are each 0 or 1, with the proviso that each of p and g is not 0 at the
sane tine;, f is an integer of O to 5 15 wth the proviso that f is not 0
when p and q are each 1; g is an integer of 1 to 6; Rerr], Rerr],
Rlerr], Rerr], Rerr], Rerr] amiRH%é]nnybe the sane or different
and are each a hydrogen atom or an al kyl group of 1 to 5 carbon atons;
R8 is a hydrag ar hon atons; and R9
is a 20 hydrog ! zns or a t

roup represented r n_is an integer
gf P E to 5 Re 55 err Enég bé tK%TE§%£g¥ﬂéﬂfﬁﬁg,5 P and are
each a hydrommsorna&e%kégcﬂrﬂ% fird é&%ﬁfé&o%lth TaB18M3 o AN
Rlerr] is an al kyl group of car on ato

Table 4. The resultlng mixture was kneaded by 8-inch open

5 rolls and then vulcanized at 150°C for 20 minutes to obtain
a vulcanized rubber. Then, the physical properties of each
vulcanized rubber were measured.

The rubber properties were evaluated by the above-
described test methods. Namely, the strength
10 characteristics were evaluated by the tensile strength

(Tg), the abrasion resistance was evaluated by the rambong

method, the braking performance on wet road (wet skid) was

evaluated by tan & at 0°C using a spectrometer and the
rolling resistance was evaluated by tan § at 50°C using a

15 spectrometer, respectively.
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atom or an al kyl

P,

farmula (11-a);

a,

f,

with the proviso that when p and.q are each 1 R9 s a

g,

group of 1 to 5 carbon atons;

and Rlerr] to Rerr]

have the sane neani ngs as

[err]

5

hydr ogen
wher ei n

in the

[err]
123
Table 3
Amount: parts by weight
Comparative
Example No. Example No.
6 7 8 2 3
Copolymer rubber (A') *1 ‘
(g) 30 - - - -
(h) - 30 - - -
(i) - - 30 - -
(3) - - - 30 -
(k) - - - - 30
EPDM *2 - - - - -
Diene rubber (B)
NR *3 70 70 70 70 70
SBR *4 - - - - -
Carbon black *5 45 45 45 45 45
Zinc white 2 2 2 2 2
Sulfur 1.5 1.5 1.5 1.5 1.5
Vulcanization
accelerator ) *6 1.2 1.2 1.2 1.2 1.2
Physical properties
Ty (MPa) 237 228 192 188 175
Rambong abrasion 0.049 0.050 0.057 0.063 0.088
tan 8 (0°C) *7 0.28 0.30 0.31 0.48 0.41
tan § ({50°C) *8 0.055 0.061 0.066 0.15 0.13




10 wherein p, q, f, g, and Rerr] to R err] have the same neani ngs as

in the formula (11-a); [err] 15 wherein p, q, f, g, and R err]
to R err] have the sane neani ngs as in the formula (I1-a).
130 6. The rubber conposition for tire side wall according
124
Table 4
Amount: parts by weight
Example No. Comparative Example No.
9 10 11 4 5 6
Copolymer rubber
' an) *1
{g) 20 - - - - -
, (h) - 20 - - - -
(1) - - - - 60 -
(3) - - - - - -
(k) - - - - - -
(1) - - 30 - - -
EPDM *2 - - - - - 30
Diene rubber (B) ]
NR *3| 50 50 70 100 40 70
SBR *4! 30 30 - - - -
Carbon black *5| 45 45 45 45 45 45
Zinc white 2 2 2 2 2 2
Sulfur 1.5 1.5 1.5 1.5 1.5 1.5
Vulcanization ’
accelerator *6 1.2 1.2 1.2 1.2 1.2 1.2
Physical
properties
Ts (MPa) 252 246 235 220 181 181
Rambong abrasion 0.04e6 0.047 0.050 0.051 0.075 0.085
tan § (0°C) *7 0.32 0.34 | -—0.29 0.14 0.53 0.14
tan 8§ (50°C) *8 0.045 0.047 0.056 0.045 0.095 0.060

Note of Table 3 and Table 4
*]1: see Synthesis 6 to Synthesis 11
5 *2: Ethylene/propylene/diene copolymer rubber
*3: Natural rubber, RSS#3
*4: Styrene/butadiene copolymer rubber, Nippol 1502 (trade

mark) manufactured by Nippon Gosei Gomu Co., Ltd.



to claimb5, wherein the non-conjugated triene or tetraene repr esent ed
by the general formula (11-a) is a conpound represented by the
foll owi ng general fornula (1V-a), 5 constituent units derived fromthe
nan- conj ugated triene or tetraene being represented by the foll ow ng
general formula (I'V-b), and the p?g conjugated triene or tetraene
represented by the above general formula (lll-a) is a conmpound
represented bygt figsdol | G0 135" AhnfihBULPed oy ALail) cLaRS! puent uni ts
derived from t%e non- conj ugat e {riene or tetraene %EI ng repr’esent ed
by the foll ow,fg. general formula (V-b): [err]

*6: N-t-butyl-2-benzothiazyl sulfenamide
*7: The larger the value of tan & (0°C), the better the

5 braking properties.

*8: The smaller the value of tan & (50°C), the smaller the

rolling resistance and the smaller the fuel cost.



15 wherein f is an integer of 0 to 5 gis an eser 6F 1 to

nd L e ehch”a Ty ben ot om o1 an ol ki ”HMWW Iﬂﬂ L M oon” 20

atams; Rlerr] is a hydrogen atomor an al kyl grotp & * carbon
atons; and RO is a hydrogen atom an a#é | group of 1 to 5 carbon
atons or a group represented by -(CH e %)[err]- CRlerr]=CRlerr]R err]
(nis aninte of 1 h err] and R[err] may be t he sane as or
different-fro o5 Qﬁmﬁﬂ gfe each a 131
hydrogen at.om or arh.a' Y 1 P Bfipd st £1.3n CBEP O A Uie 341,

comprising:

(A) an unsaturated olefin copolymer prepared from
5 (i) ethylene,
(ii) an aromatic vinyl compound,
(iii) a non-conjugated polyene, and optionally
(iv) an d-~olefin having 3 or more carbon atoms,
in which the molar ratio [(i)/(iv)] of constitutent units
10 derived from ethylene (i) to constituent units derived from
the o~olefin having 3 or more carbon atoms (iv) is in the
range of from 100/0 to 40/60, the molar ratio
[((1)+(iv))/(ii)] of the sum of constituent units derived
from ethylene (i) and constituent units derived from the «-
15 olefin having 3 of more earbon atoms (iv} to constitutuent
units derived from the aromatic vinyl compoend (ii) is in
the range of from 98/2 to 60/40, the intrinsic viscosity
[n] measured in decalin at 135°C is in the range of from
1.0 to 6.0 dl/g, and the iodine number is in the range of
20 from 10 to 50; and R

(B) a diene rubber.

2. The rubber composition for tire side wall according
to claim 1, wherein the aromatic vinyl compound (ii) is an
25 aromatic vinyl compound represented by the following

general formula:



Rlerr] is an alkyl group of 1 to 5 carbon atons); [err] 5 _
wherein f, g, Rerr], Rerr], and Rlerr] to R err] have the sane neani ngs

as in the formula (IV-a); [err] 10 wherein f, g, Rerr],
Rlerr], and Rerr] to R err] have the sanme meani ngs as in the formul a
(I'v-a); [err] 127

Rl
|
CH, = CH C
éz m (R3)

wherein Rl and R2 may be the same or different and are each

(1)

a hydrogen atom or an alkyl group of 1 to 8 carbon atoms;
5 R3 is an alkyl group having 1 to 8 carbon atoms, alkoxy

group, carboxyl group, acyloxy group, acyloxy-substituted

alkyl group, hydroxyl group or halogen atom; m is an

integer of from 0 to 5; and n is an integer of from 0 to 2.

10 3. The rubber composition for tire side wall according
to claim 1 or 2, further comprising carbon black (C) and/or
a vulcanizing agent (D), in addition to the unsaturated

olefin copolymer (A) and the diene rubber (B).

15 4. The rubber composition for tire side wall
according to any one of claims 1 to 3, wherein the content
of the unsaturated olefin copolymer (A) is from 20 to 80
parts by weight and the content .of. the diene rubber (B) is
from 20 to 80 parts by weight, based on 100 parts by weight

20 of the total amount of the unsaturated olefin copolymer (A)

and diene rubber (B).

5. The rubber composition for tire side wall
according to any one of claims 1 to 4, wherein the non-

25 conjugated polyene (iii) is at least one non-conjugated

E c L M S *



15 wherein f, g, Rerr], Rerr], and Rerr] to R err] have the sane

neﬁnipgs as in the formula (1V-a). 7. The rubber conposition
for tire side wall according 20 to any one of clains 1 to 4, wherein the
non- conj ugat ed 132 pol yene (iii)

Is at | east one non-conj ugat ed triene1§§

triene or tetraene selected from compounds represented by
the following general formula (II-a), constituent units
derived from the non-conjugated polyene being represented
by the following general formula (II-b), and compounds

5 represented by the following general formula (III-a),
constituent units derived from the non-conjugated polyene

being represented by the following general formula (III-b):

)
A,
~
~A,

H,C = CH - CH, £ C—\ \c -C=C C ——CR" = CR?*’

10 (II-a)
wherein p and g may be the same as or different from each
other, and are each 0 or 1, with the proviso that each of p
and g is not 0 at the same tiﬁe; f is an integer of 0 to 5,

15 with the proviso that f is not 0 when p and g are each 1; g
is an integer of 1 to 6;.R1, R2, R3, R4, R5, RS and R’ may be
the same or different and are each a hydrogen atom or an
alkyl group of 1 to 5 carbon atoﬁs; R8 is a hydrogen atom
or an alkyl group of 1 to 5 carbon atoms; and R? is a

20 hydrogen atom, an alkyl group of 1 to 5 carbon atoms or a
group represented by - (CHy),-CR10=CRIR!? (n is an integer of
1 to 5, R and R!! may be the same or different and are

each a hydrogen atom or an alkyl group of 1 to 5 carbon

atoms, and R!2 is an alkyl group of 1 to 5 carbon atoms) ,




tetraene selected from conpounds represented by the above gener al
formula (11-a), constituent units derived fromthe non- conj ugat ed
pol-'yene being represented by the above 5 general forrmula (I1-hb).

8. .The rubber conposition for tire side wall according to claim?7,
wherein the non-conjugated triene or te; aene represented by the above
general fornula (lIl1-a) is at |east ne non-conjugated triene or
tetraene sel ected unds represented by the above gener al

f
formula (IV-ayith tf‘ecBﬁ%Y’r?%eﬁFao MR deaned P?‘Srrfe?ﬁg horBed gat ed
(1\ohy. 15 hvasobBR"SyeR i S ELART GRoul erot B8r PRS-

accordi ng to any one of clains 1 to 8, wherein the diene rubber (B)
~¢H,C - CHY- / R‘\
CH ¢ J—( }-cﬁ’ CR®R’
?H
‘ CH; /p (II-b)
5

wherein p, g, £, g, and R! to R? have the same meanings as

in the formula (II-a);

Obonc / R‘\ L{}

CH
3P (III-a)
10
wherein p, g, £, g, and R! to ﬁé have the same meanings as
in the formula (II-a);
/ “‘\
b:l— CH,+#C = CR*®’
0
CH
f
CH; /p (ITI-b)
15

wherein p, g, £, g, and R! to R? have the same meanings as

in the formula (II-a).

* [ L M S *



is at |east one rubber selected fromthe group consisting

of natural

ruﬁber, | soprene rubber, styrene-butadiene 20 rubber and butadi ene
r ubber . 10. A rubber conposition for tire tread conprising:

(A,) an unsaturated ol efin copolynmer prepared from

(i) ethylene,

25 (i1) an aromatic vinyl conpoungﬁo (iii) a non-conjugated
[err]

pol yene, and optionally (iv)
car bon atons,
molar ratio [(i)/(

-olefin having 3 or nore
s . 3 [ ' t he
?V)Th%ﬁr%?ﬁ%ﬁi%?ﬂﬁ%?ﬁ&%??sf°r tire élé% wall é%é@ydﬁﬁg

to claim 5, wherein the non-conjugated triene or tetraene

represented by the general formula (II-a) is a compound

represented by the following general formula (IV-a),

5 constituent units derived from the non-conjugated triene or

tetraene being represented by the following general formula

(IV-b), and the non-conjugated triene or tetraene

represented by the above general formula (III-a) is a

compound represented by the following general formula (V-

10 a), constituent units derived from the non-conjugated

triene or tetraene being represented by the following

general formula (V-b):

H,C =CH - CH,—C
il
?H
15 CH,

R2

el S
=)
|z

(IV-a)

wherein f is an integer of 0 to 5; g is an integer of 1 to

6; R, RZ, R5, RS and R’ may be the same or different and

are each a hydrogen atom or an alkyl group of 1 to 5 carbon

20 atoms; R® is a hydrogen atom or an alkyl group of 1 to §

carbon atoms; and R? is a hydrogen atom, an alkyl group of

1l to 5 carbon atoms or a group represented by -(CHy)p,-

CR10=CR11R12 (n is an integer of 1 to 5, R1% and R!! may be

the same as or different from each other and are each a

* c L ] S *



derived fromethylene (i) to constituent units derived from t he
[err]-olefin having 3 or nore carbon atons (iv) is in the range of
from 100/0 to 40/60, and the nmolar ratio 5 [((i)+(iv))/(ii)] of the sum
of constituent units derived fron1ethy|ene (i) and constituent units
derived fromthe a- olefin hawne%ia nore carbon atons (iv) to
constituent units derived froma tic vinyl conmpound (ii) is in the

range of from99/1 to 85/15, a ' i.ene r, e n the
wei ght ratio 1{3@@?‘399(1’8)3] °3'f °Fh8nuﬁ§é¥?]r%¥%%p of! 1‘3'11 efS:JH&%%B atomyn é‘ﬁa

the diene ru B 9 05 11 The

r ubber conpo 6% %3r %k¥ :%é d‘g%coF |r?gg g2fon at&éfalmlo wherein the
intrinsic ViSCOSIty [[err]] measured in decalin at 135[err]C of the

unsat ur at ed OL%fI n: cgﬁg_ymar/é,\ /RS\ R7 Rs
) CH,—

c c R?
2 6

i’ CHs (IV-b)
5
wherein £, g, R!, R?, and R5 to R? have the same ineanings as
in the formula (IV-a);
GANAANN
@—CHZ—EIJ (|3=éZ-R9
?H\Rz/ f \Rs/ g
CH, | (V-a)
10 "
wherein £, g, R!, R2, and R5 to R? have the same meanings as
in the formula (IV-a);
GANLATE
@—CHZ—E c:: :c 9=C-R9
CH \R2/ f \R(’/ g
CH; (V-b)
15

wherein £, g, R!, R2, and R5 to R® have the same meanings as

in the formula (IV-a) .

7. The rubber composition for tire side wall according

20 to any one of claims 1 to 4, wherein the non-conjugated

* [ L M S *



is from1l to 10 dl/g. 20 12. The rubber conposition for tire
tread according to claim 10 or 11, wherein the iodine nunber of the
upsaturated olefin copolymer (A') is from1l to 50. 13. The
rubber conposition for tire tread according to 25 any one of claims 10 to
12, wherein the non-conjugated P l.yene (iii) constituting the
unsaturated ol efin copol yner (A gzys a triene or tetraene of
hydr ocar bons.

r ubber conpoé??1¥ﬁp?cﬁi%%%e§§laéé&eﬁégoPBFnﬁoFGCOnjuggé%h triene or

tetraene selected from compounds represented by the above

14. The

general formula (II-a), constituent units derived from the
non-conjugated polyene being represented by the above

5 general formula (II-b).

8. The rubber composition for tire side wall according
to claim 7, wherein the non-conjugated triene or tetraene
represented by-the above general formula (II-a) is at least

10 one non-conjugated triene or tetraene selected from
compounds represented by the above general formula (IV-a),
constituent units derived from the non-conjugated triene or
tetraene being represented by the above general formula
(IV-b).

15

9. The rubber composition for tire side wall according
to any one of claims 1 to 8, wherein the diene rubber (B)
is at least one rubber selected from the group consisting
of natural rubber, isoprene rubber, styrene-butadiene

20 rubber and butadiene rubber. .

10. A rubber compésition for tire tread comprising:

(A') an unsaturated olefin copolymer prepared from
(i) ethylene,

25 (ii) an aromatic vinyl compound,

(iii) a non-conjugated polyene, and optionally

(iv) an o-olefin having 3 or more carbon atoms,

UL



any one of clainms 10 to 12, wherein the non-conjugated pol yene (iii)
cofistituting the unsaturated ol efin copol yner (A") is a non-conjugated
trd ene or tetraene represented by 5 the above general fornula (1l1-a) or
(1)1-a). 15. The rubber conposition for tire tread according
to any one of clains 10 to 12, w@ ei n the non-conj ugat ed pol yene
(ii1) constituting the unsaturated ol ??n copolynmer 10 (A') is a

pom con 0 o, 1 £0° 81 \SLAUSEPLIEITLRD Pl sond I B GpdFRYT

er_conposition tor tire

tread according 1o.q eo0Aal (§) akBEcdiel Addne WA Ao from

non- conj ugat e triene or tetrdaene I's a non-conj ugat ed triene or

tetraene cH\g e e firPtlviely 8 of nbke bydbegestah®NEivi riectiny thended
to all the carbon atons adjacent to all the carbon-carbon

range of from 100/0 to 40/60, and the molar ratio

- .

5 [((i)+(iv))/(ii)] of the sum of constituent units derived
from ethylene (i) and constituent units derived from the o-
olefin having 3 or more carbon atoms (iv) to constituent
units derived from aromatic vinyl compound (ii) is in the
range of from 99/1 to 85/15, and

10 (B) a diene rubber,
wherein the weight ratio [(A')/(B)] of the unsaturated
olefin copolymer (A') to the diene rubber (B) is from 1/99

to 50/50.

15 11. The rubber composition for tire tread according to
claim 10, wherein the intrinsic,viscosity [n] measured in
decalin at 135°C of the unsaturated olefin copolymer (A')

is from 1 to 10 d4dl/g.

20 12. The rubber composition for tire tread according to
claim 10 or 11, wherein the iodine number of the

unsaturated olefin copolymer {(A') is from 1 to 50.

13. The rubber composition for tire tread according to
25 any one of claims 10 to 12, wherein the non-conjugated
polyene (iii) constituting the unsaturated olefin copolymer

(A') is a triene or tetraene of hydrocarbons.

s



doubl e bonds in one nol ecul e. 20 17. The rubber conposition for

tirfe tread according to any one of clains 10 to 16, wherein the diene
rupber (B) is natural rubber, isoprene rubber, styrene/butadiene
copol ymer rubber, butadiene rubber or a mxture thereof.

134

14. The rubber composition for tire tread according to
any one of claims 10 to 12, wherein the non-conjugated
polyene (iii) constituting the unsaturated olefin copolymer
(A') is a non-conjugated triene or tetraene represented by

5 the above general formula (II-a) or (III-a).

15. The rubber composition for tire tread according to
any one of claims 10 to 12, wherein the non-conjugated
polyene (iii) constituting the unsaturated olefin copolymer

10 (A') is a non-conjugated triene or tetraene represented by

the above general formula (IV-a) or (V-a).

16. The rubber composition for tire tread according to
any one of claims 13 to 15, wherein the non-conjugated
15 triene or tetraene is a non-conjugated triene or tetraene
having a total of 9 or more hydrogen atoms directly bonded
to all the carbon atoms adjacent to all the carbon-carbon

double bonds in one molecule.

20 17. The rubber composition for tire tread according to
any one of claims 10 to 16, wherein the diene rubber (B) is
natural rubber, isoprene rubber, styrene/butadiene

copolymer rubber, butadiene rubber or a mixture thereof.

* [ L M S *



10

15

20

25

ABSTRACT

The rubber composition for tire side wall of the
invention provides a rubber material for tire side wall,
which has excellent strength properties and bending fatigue
resistance and can afford a tire side wall of low fuel
consumption. The rubber composition comprises an
unsaturated olefin copolymer (A) obtained from ethylene
(i), an aromatic vinyl compound (ii), a non-conjugated
polvene (iii) énd, if necessary, an O-olefin having at
least 3 carbon atoms (iv), wherein [(1)/(iv)] (molar ratio
of constituent units) is from 100/0 to 40/60,
[{((i)+(iv))/(ii)] (molar ratio of constituent units) is from
98/2 to 60/40, an intrinsic viscosity [n] measured in
decalin at 135°C is from 1.0 to 6.0 dl/g, and an iodine
value is from 10 to 50; and a diene rubber (B).

The rubber composition for. tire tread of the invention
provides a rubber material for tire tread, which is
superior in strength properties, abrasion resistance and
braking performance on the wet road {wet skid) and attains
small rolling resistance, said rubber composition
comprising an unsaturated olefin copolymer (A') obtained
from ethylene (i), an aromatic vinyl compound (ii), a non-
conjugated polyene (iii) and an a-olefin having at least 3
carbon atoms (iv), wherein [(i)/(iv)] {(molar ratio of
constituent units) is from 100/0 to 40/60 and
[((1)+(iv))/(ii)] (molar ratio of constituent units) is from

99/1 to 85/15; and a diene rubber (B) wherein a weight



136
ratio [(A')/(B)] of the unsaturated olefin copolymer (A')

to the diene rubber (B) is from 1/99 to 50/50.
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(57) Abstract

A rubber composition for tire sidewalls excellent in strength characteristics and resistance to fatigue from flexing and capable of
giving fuel-saving tire sidewalls, which comprises (A) an unsaturated olefin copolymer prepared from (i) ethylene, (ii) an aromatic vinyl
compound, (iif) 2 non-conjugated polyene and, if necessary, (iv) an a-olefin having 3 or more carbon atoms and having a (i) to (iv) molar
ratio ranging from 100/0 to 40/60, a [(i) + (iv)] to (ii) molar ratio ranging from 58/2 to 60/40, an intrinsic viscosity [4u] of 1.0 t0 6.0 di/g as
determined at 135 °C in decalin, and an ijodine value of 10 to 50 and (B) a dicne rubber. A rubber composition for tire treads capable of
giving tire treads being excellent in strength characteristics, abrasion resistance and braking performance on the wet road surface (resistance
to wet skid) and exhibiting low rolling resistance, which comprises (A') an unsaturated olefin copolymer prepared from (i) ethylene, (ii) an
aromatic vinyl compound, (iii) a non-conjugated polycnc and (iv) an a-olefin having 3 or more carbon atoms and having a (i) to (iv) molar
ratio ranging from 100/0 to 40/60 and a [(i) + (iv)) to (ii) molar ratio ranging from 99/1 to 85/15, and (B) a dienc rubber at a (A") to (B)
weight ratio of 1/99 to 50/50.
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