BRI BIEAT ZE HEE 5535 (ALCA)
F T AE S (Re 1 B S R T RE )
[ RUA NS, T 0y — 285
WHAAL RSB ] A2 BESRFEAY
PREEA TR D ka2
PN =Ny G

=1

ST E

WFZCBA R R SERR274E10H ~ B fn24E3 A

WFZEBA FEAGR A L 44 1
CHUAR o=t K52 - o0 FAB SR,
Hi%)



OMEFEN (Fa30)
BRBR AR O LR 02 1l AT
TR DRI R4, < I DB S 12 & 5 KAA = M BRI DI

LAFFERR 3O H 7Y

AWFZEEARIC L > TRIMZ B a3 HiE, B bRBOHIIR, L2 il biha OMEE,
HIFEF ORI RICT 5T HZEN CELBREEE & M & e = 28 BHAIZE D8 & 70 2 Nt
DOFEFHFEBERT, BION, ZHUTEEL AT T 4T — DT D EA~D IS AT TH 5, 1iE- T,
RS CREARSIL DT AR FHEAT ORI L, BRI COIR LR ZHWUZLL T DR
S\ D75 F VA L0 KB KIE T,

O BEMEEORWT aZ A ¥ OMEHELE~DOF 512 X 5 bR FEHEH EO I

@  KERT LFEHAEY OB RRAEEE & ZIUTEE D R bR FEHI

@ KIKT AT RIS Rt 2 DL E(L & TR O SEFIr) 5 R

@ NAF7 47 —OEIFNARAE & Z TS R bR EHI

2 AT BR R O

(DAE: KIRFBALSEREOT-O | BRI AVE B YERET 2B AE O Sk L 72 D T O F g i) &
WA ATESL L, LR ZED T L — I 2V —DBRG M ATENL T A2 8% BRI TARIZEZYT -
7oo T, bR FEHIC LR 2728 LA OREEE SOITHESIRIE O SRR % i
(2272 3B KN Z AT D721 FBLEOG H AR “ SN AZ S5 (R D INRIZ 31T 25 E
ZRREIL MR OALF 2 TRALSE T LM ER 2O R ERZ X 572, LT, RIRILD4EY
ZRRMEENSAFEX 2T 40— DOBLEND, FEART KIRT LD MR HIN A SL O AT O R ST
FHIEL, SHIC, ZOISAHEEL T, V7 =R A2 Y TTEH— AR~ AT DA E N
BB IRV M BIAE T D EAR ORESLICHRER LT, ZOfE R, LT O RAESH LM TETZ,

(2R

O IMFROHFIRSOSH R 7V R~ Bl BER /AT 7 L — MER 12X D2 2O H N
OSSR DO FEBIZ R B LT,

@ #ARAIERICBE DT 2O F IR S Z R R LT,

@ AviaffB LM B R AL DREELE AN 7 4 NG ARR ORI LT,

@ = 20 AR —EE T 7 ra—0 RIS LT,

® MFREE DS BAE TR Rl 2B 328 L & & e LT,

® KIKT LD ET=DIET LR DI KA E TR B A AR L=,

D Va—L RIRT LEZ U RRKIRT LD EERB IR AOERUZAPIL . b0
it LR Eh A R ) TR L7,

U — L RIRT LSRR KIRT AOFET LR EREEIC LD R & 2 9D TIRE LT,

@ V7= FeTAMBRFRIRT LD EPERE A 7225 RA 5T,

UINBRO T FHNT D RKIRT LD Fr B [\ ASLHOWFFeRE RA T LT,

QA% DER:

KOOI LR EHIIE, =R T T 70V D EDRTRME 7 47— N FE TAZILTNDIEN
5, 747 —F TARKRT LB L OE T L NN EAEE OB L1 B A& S ST O fer &
FEIE LY OFBIDOFRIAZI TV, LM BRI DT L — 7 2V — kA BEE 9, T LT KRE
BB D I —R T T I RENAA T 47— DISHERICH T 5, V7= F /e
— AT 7 A= SAF VY RIRE | RIREMEIZIR, 7235 | AAFSE R IANAR i D il i 2 2
S B BT AT — ORI E R OEEZ RN DO THY, v T VT NVAL L TH~T 47
AD 5B OHEARTLHRCTEHEE 2D,



oReport summary (English)

Yuko Yuko: University professor in Kyoto Institute of Technology
R & D title: New Development of Natural Rubber by the Technological Innovation
of Vulcanization

1. Purpose of R & D

We aim to create a new rubber science via this project for the reduction of carbon dioxide, the
construction of safe transportation society and the establishment of fundamental technology of
vulcanization method. Environmentally compatible high-performance rubber materials, which can
be produced by our new vulcanization technology, will contribute to the peaceful development of the
world economy. The several scenarios are shown below.

1) Reduction of carbon dioxide emissions by contributing to the production of eco-tires with good
fuel efficiency
2) Promotion of natural rubber-producing plants, which is useful for the reduction of carbon
dioxide
3) Stabilization of transportation society and construction of peaceful world economy by a good
supply of natural rubber
4) Reduction of carbon dioxide emissions by promotion of effective usage of bio-fillers

2. Outline of R & D
(1) Contents:

To establish a low-carbon society, this research was conducted with the aim of constructing an
innovative basic technology of vulcanization, which can be a key to creating environmentally
compatible high-performance rubber materials. The following points shown in the section of (2)
were mainly achieved in the project period of 4.5 years.

(2) Achievements:

1) A novel vulcanization mechanism via dinuclear bridging bidentate zinc/stearate complexes was
revealed successfully.

2) A new vulcanization mechanism of network domain formation was proposed well.

3) The characteristics of the sulfidic linkages in the mesh network and the network domain were
revealed for the first time.

4) The two-phase inhomogeneous network morphology of vulcanized rubber was visualized

successfully.

5) A new concept on the reinforcing effect by vulcanization was constructed for the first time.

6) Effects of a few non-rubber components in natural rubber on vulcanization reaction were

elucidated for natural rubber technology.

7) High performance rubber vulcanizates of non-Hevea natural rubbers were produced on the basis
of new vulcanization mechanism, and their strain-induced crystallization behaviors were found
to be comparable to that of Hevea natural rubber vulcanizate.

8) Higher-order structures of guayule and dandelion natural rubbers were proposed for the first
time.

9) A material design for performance lignin-filled natural rubber vulcanizates was proposed newly.

10) New development of natural rubber was achieved by the technological innovation of newly

observed vulcanization system.

(3) Future developments:
1) Study on the vulcanization mechanism of filler mixed rubbers
2) Study on the control of network morphology in filler mixed rubbers
3) Study on the relationship between the controlled network morphology and the mechanical
properties of filler mixed rubber vulcanizates
4) Application of the new concept of vulcanization for biomass filler mixed rubber systems
5) Contribution to the progress of materials informatics in rubber science and technology



