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KL TV ARY 77X V2 ORIGEMEIC L D 2 A YHAMEIOB%) LI, 25ETHR S TWD, HEKEE(LD Y
A7 & NFETEE) & O REBERA R < Bk S, FHAETR ISR FIR 2SR B ORRFELEZR RO OND L HIckho7z, BHEE
ZH & T AERIT O RFEHIZEE 7 ¥ —0 1/5 F2E L RE L ZOHFTH Y A YO 0 I BB EIRE D% % 5
5L END ORI CTEECTHD, HWHAGKILATHIEVARY 74V (HCBR) 134 A YD My K Lic%
SN2 @5 FAERC, MHEFEMECIRIR N E e E ORI E /T 20, RILL XA VICZHSWDBREGAT L T XV
=2 (SBR) (LA T IEHI AR AR IR E AT 23 R © = A OB D[R] E78 & OMERER E~0 55 7% 5t O BT 5 7,
[FH—3] ClE bl LI AR OH SR E R & AT ONLE ST A £ Lo, TEMICOTE LW TEIRES, RAKEEL, #
BBBOIEH ., £/ v — D528 E | GO EHE LoD HBR & LTI AMEHTIEAT 27201+ E & (100kDa
PIE) ERMNTOU B T PEEER L EAITFEM R E L UIREFIRROT bNWE, ZnEEBT 572008 M) v
JIBEHBEEA OB OER, I LI DL HEBR Ol B 7R U ~—I2 v U B RUSHEO BERER & 59 2 B IE &
5T 2R, BLOBONDLEMRY ~—% NR (REK= L) /HCBR OIFFHIET L v RR THIMEHE T 2 BHR Ak~ 7z,

[ om]ICIEEl) e 7 a2l Lo oM B8 2 R T AR 2T 272007 Fa—F L L CEEBEIAIC A V7
FILT V2 KFEAE DIBAH 2 iV, EMTH 234V LB L OREEROLENHE LTOAF LTI ) FH 2 MO0), &5
WA A E LTOVZF AT NI EE AT T VT 4 — LMbERZRHEE T2 &0 WHMED® D C6 RALKFIRE % =
B EOERE THW A EALMIC TP HREIC L AEMECOREZRET 5 Z L T #RY e 72 A Loo, X4V A
L5720 10 KL b, ESHBEIF DIBAH —4F47-0 0.6 AREOHEFBE AL, SHICTX VTV OBRRERICL S
THFREZY =T IR S5 HBR OB\ LTz, T OEARITRMEMICHIEOFT 5 Hka o,

[ =3 TIIAMIE T Z b RIE I DORELY o VAN 60%FRE & mOHER TR Y 7 ) UK TEMENS 2 &
% UV/RI MiHER 2 R R 72 SEC &V B 77 = A4 VBB L DFEY 7V 2 W ERIETH B NI U, B FEE 5 & OIS
PERERBERR D D1, AT TELN LY B 7R Y ~— K% =0 “HfEA. (=N “HEA & A SIS 21T 9
Z b, FARHZZ RS UERLE L UE L, KA ) S~ —BANRR SN DR EHTZ, ZHORALTY U D EDORIGENRE
FFTEDLRIBEMAIE LTV U RXT AT A axy v T o EROWEEA BEERKER L OVSEC OB bo b 57808 2
BNTZH A, U B LR LIZEA 2 A0, REMOM B LR ERBRIC L 2 e 27 Y 2o 2AREEICEB LAY > KT
PSRRI L7=Z EMBE ROV Y BRUSHEREERY ~ =N o7 2 & 2R LT,

(U] TIIEHEBED ZF 7L RTH S NR & HCBR D7 L > R T HCBR ARIHZ M L 5 Wt % A ZEME 0D HCBR & o ELE i
Lo THRNT L. WIEZELDBER L 72 5 3 2EE OB ERGT U7z, FEBIMEIREE /> 8 CIE HCBR AR SREA 2MIKIRIR o ik 2 % dik
WOMPER PHF IR TS L &, ATV RIAN—NEE Y VRO NMR 38T & o THEST L7z & 2 A, HCBR DR
BN Y A% HCBR U » FHMRIE S HD Z L 2RBR T ARN 2 oNTz, TOEE, RAAS UVEOT 4 7 —F&ExHET
HE—7 O@EIBHET 2 EH LM ENTND 67 OIRE BT C b EAT Sz, JefTHI%E T NR/HCBR/ 2 U F A CIddE
I ARy OWIEDFAETNR U v TS U ARES SNABARH D Z ERMBN TS, MEREES Y =y MEPUHEIZB W
THMEPEDOM BT, R OMHANFED bz,

(% HEZ]ClE, D EOBIEREARIE L, BifllOWEELY B 7 a LR OB is o B A7 4 P O EAE% %
WL, TOU BV TRBE 60%THHZ EEWILNE L, ZRLERIZI L IR v—2 T RFVEEFT Lafr v
T U TEMISEITO, & BICHE L2 LTS IHLEEZITH) 2 L T, ~ 7 e XV EEERWEERY ~—2" 5 5nT,
BBICZORY~v—% NR & OIEFHET Lo RTIME L, HCBR ~D > U I DS ERE I 7 a3 om ExWisrd % o =— 7 Tl
AT LA OMNI LT,

ARFFEDORAGZEME HCBR 1L NR & D7 L > RIZEWTHCBR U v FHIZ T Y B & EST 5 2 & T REM: R TIRIRIEZ &%
BN 2B 2 30 T2 2 B T E N o Tn, A A YEOMENE L TOFEMABHF SN,

%5 FSCE R IX, RIS 2000 57 & 53 300 3E% 1T DT 57, & L <IFHEIL 800 354 1R LT E a0,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).
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In the uprising consensus on the impact of human activities to the climate warming, it is highly desired
to improve efficiency of road transportation, of which share of greenhouse gas emissions is approximately
1/5 of developed economies. Tires that support vehicles can contribute more sustainable transportation
society when reduction rolling resistance and resource usage at the same time improving safety functions.
Materials for such purposes had been pursued in tire industry and raw materials industries, most notable
of which is introduction of silica and end—functionalized elastomers based on living anionic polymerization
of styrene and 1, 3-butadiene, which is widely used in tread area of passage tires. On the other hand

1, 4-cis(polybutadiene), or High Cis Butadiene Rubber (HCBR) is widely used tire material applied as
immiscible blend with natural rubber (NR) for example, adding outstanding low temperature properties and
wear resistance to the compound. However the performance improvement HCBR is limited because it
polymerization chemistry had not afforded 1living polymerization that 1is necessary for
end-functionalization. Furthermore, silica is known to be mostly distributed to NR domain when added to
NR/HCBR binary blend. HCBR with silica reactivity will benefit hysteresis loss reductions as well as shift
of silica distribution more even to HCBR domain. In this research, synthesis and properties of silane—end
modified HCBR was investigated. Firstly, pseudo living polymerization system with adequate coordinative
e chain transfer polymerization (CCTP)-like property for reduced main catalyst consumption was achieved
by combination of diisobutylaluminum hydride (DIBAH) as chain transfer agent, neodymium neodecanoate as
precursor of main catalyst, methylaluminoxane as stabilizer to the active and dormant species at the chain
ends, and diethylaluminum chloride as electron abstractor from Nd center to ensure cis—rich propagation
reaction by electron deficiency necessary for strong pi—-binding of unsaturation on growing HCBR chains.
With optimization of pre—forming conditions of the catalyst system, an adiabatic quasi-living
polymerization condition was achieved as confirmed by molecular weight control by monomer/catalyst ratio,
liner response to sequential monomer addition, and retention of active ends as found by UV absorbance
of reaction products of unterminated polymer with benzophenone derivative. Generated chains were more
than 10 equivalent of Nd, or around 0.6 equivalent of DIBAH. Reaction of the unterminated polymer with
styrene oxide suggested sign of attachment of functional group as well. With these understandings
functionalization of pseud-living HCBR polymer with 3-glycydoxypropyltrimethoxysilane (GPMOS). Further
modulation of reaction was attempted either by adding condensation catalyst for alkoxysilane
(tin-bis—2ethylhexanoate and water) to accelerate condensation or by adding bulky alcohol (sorbitan
trioleate) to suppress condensation both before the recovery of the solid polymer from the solution. These
polymers all show clear sign of silica reactivity when compounded in NR/HCBR blend system, giving lower
hysteresis losses, more bound HCBR and reduced low temperature storage modulus, which may be attributed
to filler distribution to HCBR domain. Polymer without condensation treatments exhibit macroscopic gel
after drying. In this regards, either condensation acceleration with catalyst or retardation with bulky
alcohol is preferential. Finally, this research clarified a method to achieve pseudo—-living HCBR chains
in an efficient CCTP-like catalyst conditions, showing an example of silica—reacting functionalized HCBR
with improved hysteresis loss, low temperature flexibility maintaining or improving most of other
properties. The obtained material concept may find applications in tire and other industries which pursues
the use of HCBR and silica.
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