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Hybridization of latex and inorganic nano-fillers supported by living radical
copolymerization
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This study aims production of block polymer functionalized ceramics fillers that are
suit for reinforcement of latexes and rubbers. Efficient method to synthesize block
copolymer functionalized silica filler has been developed and established. The method
developed has extraordinarily higher performance than the conventional method to
coat and functionalize fine particles. Reversible addition-fragmentation chain-transfer
(RAFT) polymerization (one of living radical polymerizations) in the presence of silica
fillers with sequential addition of monomer (SQqRAFTwP) enables us to produce block
copolymer-functionalized silica filler with very large quantity. By numbers of
arrangements of the method, e.g., choice of monomer, reaction temperature, design of
RAFT agent and so on, polymer functionalized silica fillers that are suit for
reinforcement of rubbers have been produced. Prepared functional silica fillers showed
good dispersion into latex and rubbers. Especially, the functional silica fillers for
reinforcement of rubbers showed excellent result that the functional silica fillers
reinforced rubbers showed superior physical properties than the rubbers reinforced by
silica with silane coupling agents. The rubber compounds reinforced by the functional
silica filler can contribute to improvement of tires, for instance, reduction of rolling
resistance, improvement of wet grip and improvement of wear resistance, the most
important properties of tires. It is expected that the technique developed in this study
will be applied as the standard method of next generation for reinforcement of rubbers.

5.40F%¢ B 1Y

B FRIIEM B R T ki D a L RY y h~T U T, ORI RE & [F B %
BAREIZLY A7, BEEEHOMEOOESTH S, ROz Ry y NMERED R T
I, R REICE D FHE 7 7 b T2 FER MOFHELY QEE Y + 7 —2RZEND,
EIREREEFRELE VWO R TENTWHWDA, GO F#HOZ 77 Mk, BEwRm & &5
THOMICEE A N2 O DRMAISCMIRANEATHD, TOD, 7/ k1
DASKEESMVE - BEREN Kb D, EFAELICBANEL D, B ANZEMIZ/R D,
HENHEL WE L2 ORTREBEND - 72,

AWFZECTIE, TR RO T 2R REN S, DT 1 EBEOVE 7T v T ey
JHEABEIZL > T, TLARBIBEHEEOEB VG S THET /T2 E-T 5, 22
TIRET LR, B E, £/ ~v—, Ao, TLTHEEORTZ XL —DENE
FIALEREWRBETH DO, EET kOB ICEAE T, FRTRM. HhHoRE
W2, S Rl rRmARS TICEVEN KD, T, WkoF KT+ T7 47 —T
TREECH o, FEOREMBN AL R, 77 v 7 AfE & B ki 0 = >R
Uy hoOFERALENETLILOEMEETE D,

AWFFEOBIEAZBICE ) &, BT hiF—T ny 7 HBEBLERORAEDE T, &Y
THE S R EER L, TLARMBIRE LIRS (BM) L, BEF R T+5687 7 v 7 AD
LR A RENICM ET 52 THD, FREMICIX, a7 T /Kb,
WD @1, D& S, T LTEASEREE WIIEICERmA XX =0 T 5
FFHNZ e o T E 2T HUE, BRERGE D THE ST /b2l Ccx 5, A TIiX, TEE
BEMELHBERHE L W ROT ) ~—&0A@Em s FHICEEAL, AFLUTHY
> 3 A (SBR) KK AT L (NR) ICHEMENRELS . o, ZEA & L THEATRER
ZHSGEVE R T « 7 —OERL ) 2 BT, RIBY B 7T O hNEA OB T TR
<. ZEBEIC SBR HEoF /v arviRyy haERL, 2o oMiEm B, EESHEM ED
A9, MREMERK > R T2 7 4 7 —L LTEDFBREICIEML, & 7+& LToSN
THEZHRELOD, fIEOWHEEED DEM (~NA 7V v BN X, BERZEo T
LRFICHBENAHE THY, TORPD BAMRIFEER T —~vTHDHLEEZEZ TN D,




6.1F 52 N Mo OVl 5 oD AR S
BHEIZ 6000 FREE CTHERLIRAT L T 7280, (KRR H 55613 10 HREEIC LT
<TZEW)

7.5 % OWZED HaE L

AW CTRAR L7 biBIC LRI L7 BsB b U B 7 ¢ 7 — 13, T 2Bl O fmIc
BOWTKREEF2EMEBIDTND, 5%, LE~OENBEEZ R L, BARFEOEM
BT AHEME L THRICTE— LT 5, BAOITLAERICB T 2EERSFDOMEICE
THZLEEZHAME L TRAY THIBRICL b b6, TolH&@GHEom S s, TE
RIPBEEICE L OMWAEDLEEHFTND, BEFHE (Fy 8v & —5%) 0 WEME (&
WME T Ty 7 R) | RIS XS m R L IR B e E DL < o5 T BEFORHE &R
M ORM) 2L EDRWEDERZN,

TR, RFPEBEMORRRAEDIEMmEL (MTA) 2 (RBFZEB KR FERF £ Tl2)
2UERE N, RMFFEORME D)V L 77 U NIESEE R WZEE T RO &S+
WX AmEE T, BT a v AR Yy N EENE»OEME THE LD L O, W%
B ICE D #2v > TV D, (Lo T, K20 AR EMIT MM E O RIC L 0 RS 21T
S572,) MTA L0 bICYUZFEIRICE DT 2 a v Ry y "MEOZERR%E 2 L 0 — &k
THDIZH . AFRICKT 2 E RIEBENLIENWEEZE X TEBY £9,

AT X D ER IR L., HEHEL

[FEwmL (Eidbv)]
"Efficient production of block copolymer-coated ceramics nanoparticles by sequential
reversible addition-fragmentation chain transfer polymerizations with particles
(SqRAFTwP)", T. Arita, Chem. Lett., 2013, 42, pp801-803. (Selected as an Editor’s
Choice)

(47 Hi ]
A, MisERl “2A4YHIALEEHE O ZNE WD ZERAAD X AT, Kk
2013-180445

HFHRRE, “EHHEMAAS 77 A N—, ZoREHTE, TOIC, AEBEMA 4774
N—%EGHT 5 08E Lk O IEMHEY” , FFFE 2014-19376

(1] RfEEIL, FRETHR 3 » AN TR LTI ZEE N,

[E2 ] (BEMHRIYOBELEFEAOFRMNCRBEZSBEODLET . AV F—RYEA—LT
DENEFDLET , < E-Mail :enozaidan@kokoku-intech.com>

(3] COREEBZLUMBOEEREERVLUMBOI-LAR—DICHBEITHENHYET
DT, PHITTELEEL,




MYUMHA~DOTER - THERTSWE LS, Fa~THAL X0,
BHEEWEEWEDER c CHEHRFIASBOBEICSE WX 4,

T —= b ~DZTWHIIHV N E S TINE LT,

ok




