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In recent years, the reduction of rolling resistance of tires has become more significant in the tire in-
dustry because it has close relation to the fuel consumption efficiency and CO, emission of motor vehicles.
Rolling resistance is primarily related to the hysteresis loss in the tire tread compounds and silica has been

widely used owing to its lower hysteresis nature than that of carbon black. New concept of styrene butadi-

ene copolymers polymerized in solutiond S-SBRsCwhich can strongly interact with silica has been proposed
to reduce rolling resistance. Various S-SBRs having two different functional groups were polymerized and
the viscoelastic properties of their compounds were measured. S-SBRs that have both amino group and alk-
oxysilyl group showed superior improvement on hysteresis loss property in silica compound compared to
that of only alkoxysilyl group. This new class of S-SBRs also showed excellent mechanical properties and
abrasion resistance because of the strong interaction with silica and the resulting improvement of silica dis-

persion.
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Tablel Analytical data of S-SBR samples

uaddg
U oooooooooooon

uoooooooooobomsserRMOOoOoononog
gboooooboboboooboooo

SBRI M MM il o0 0 O I o0 O
oLooobo0ooDbOooOooDbobo0oboDMkgd O
OO sTHMHgOOMI-0 00 0 BDII OgO 0OO0O0 O
U0 THFOIOmMgO OO0 00O nd 0000 000M g
ooboooocooooooboobooomoobmooono
cobOoboboooooobOoOoOOooooooooono
cooboooboooboobooooooobooboooooo
O@mmold O OOODOOOOOCODOOOOOODOO
oo+ obo-ph0b000d@mgiOOb0O0OOoOon0ooa
oo0ooooobooOogoooboobocooobobnooo
OSBROOOOSBRILOODOOOOOOODOOOO
oooO0ooO0o00ooooOoooooooseriitaod
O SBRiNOO 000 00MDg000000000STO
BDU THFOOOOOODOOOOOODODOOOOOOooOo
coooogoserOOODO

‘ [1l. Non modified S-SBR ; control }

PN~
SBR (i) - 1
| [11], Mono-functionalized S-SBRs | =
RZNMI\ PN A R_NH2 NV*sli-OR
SBR (ii) - 1 SBR (ii) - 2 SBR (ii) - 3
[[lll], Di-functionalized S-SBRs |
R
R,N~~"Si-OR
SBR (iii) - 1
JR"NR, R"-NHR ,R"-NH,
~"Si-0R ~"Si-OR ~Si-0R
SBR(iii)-2  SBR(iii) - 3 SBR (iii) - 4

Fig. 1 Structural scheme of functionalized S-SBRs

No. Function groups Vinyl in BD Styrene Tg ML 110
From Initiator From Modifier O d d
gitk None None X ™ O m
ity RoN- None M M aom m
ity None -NH; M M Omm m
Oty None -Si-OR ™ N aom mom
Oiiity RaN- -Si-OR M M Onom m
Oiiity None -Si-OR & NR; M M Omm m
Oiiity None -Si-OR & NHR ™ N Onom mom
Oiiity None -Si-OR & NH; M M Omm m

JSR TECHNICAL REVIEW No.114/2007



gooosSBROOOOOOOODOODODOODOOOOn
0000000000000 TMSOO O 0 0000°H-
NMRI JEOL EXIDM 00000 00 O0GPT Tosoh
HLGTTTO Columns: TSK gel GMHxIMecm xOOOml/
minD 0 000000000000000DSC TA In-
struments DSC [T O OO0 ASTM DHITO OO
000000000000 OMLOOOomas K
Mmoo oooooooon
0 0oogdno

000000 oOomo0o0oooooooooo
O00000OnDooo0oooooooooooooom
oooooooo
Omoooo
000oobDINODOOOgJISs KU ooooo o
0o0o0ooonoboodbobobUdddmgddn OO
mOO0 00 000OoooodoooossBrROOOOO
J000000O0tandDARESO OO DOOOOOO
000000000000 0M0 000 000rad/s0 0O
0000000000000 00Hitachi HITOO O O
00000 MO0 mdOmeshd O 0 00 0O 0OTOkV
oooooo

Table2 Formulation for evaluation
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Table3 Analytical data of PBD samples
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Fig. 2 Bound rubber content of S-SBR compounds
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Fig. 3 Relation between compound moony viscosity and
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Fig. 7 tfan ¢ at 5000, 3% strain of S-SBR vulcanizates

0.15
0.14 —a— (ii)-1+(ii)-3
013 — RN~as
012 ]
011 —
0.10 ]
009
0.08
0.07 —

0.06 d
(i)-1 (ii)-1 i
P~ Rsz

Fig. 8 fan o at 500, 3% strain of S-SBRs having alk-
oxysilyl group and tert-amino group

/
~~Si-OR

tané@50°C, 3% strain

(iii)-1 R! (iii)-ZIR--_NR2
R,;N~»Si-OR/ | A Sj-OR

Oo0ooOsBriidid 0000000 00SBRIIE
ooooooODbOooooooooobooooooobooo
OoO00o0o0oseRidOoooooooooooonoon
OSBRIIINOO000 000000000 0O0tane00O
oooooogo
OcOOOOOooooon
googobooooopobbobobbobooboooog
OooOooOopoOoooosBrRiiOsSBRIIO O OO
00000 00000 0OsBRiEO SBRI IO SBR
Oiid0 0 0000000 oooocoocoooooboooo
oboocooooooooood
U ooboobooobocoooood
Umm ooooo
omoooobooobboooboooooooooboDo
ooobbboooooboooooooooooooo
gooboobooooooboooooobooooooon
choooooobooooobooboobbooooooooog
coboooboooobooooooobboboooboooo
gooooooooboobooboooobobooooboooo

8 015
] o (ii)-1+(ii)-3 )-2+(ii)- (iii)- "_NHR|
S 0.14
= 013 RN~ 2N““" ~v5| OR
S . 1 7
S b ~nnSi-OR --s| OR
g ol
© 010
R 009 —|
IS
= 0.08 —
0.07 —

(ii)-4 R".NH,
A Si-OR

[T

Fig. 9 fan ¢ at 500, 3% strain of S-SBRs, influence of
kinds of amino groups

Temperature at 28°C

4 R"NH,

-t A Si-OR

(v)2

Adsorption of PBD to Silica

HZN ~nn
N UOUSIPY L (v)-3 R
~nn Si-OR)
S Ep——— —— S (v)-1
R2N ~nn
40 60
. . (iv)-1
Time (min.) ~—

Fig. 10 Adsorptive activity of functionalized PBDs to
silica

gobbooboboboboboboobbbbbobbooon
gooooobbboooobobobooboooooooo
goobooboobooobooooooooooo oo
gooooooo
goobooooooooooboooooboooooo
gooooobbooooboobboubbooboobo
gbobobbooobbbboooobobboboobo o
gobodgooobobbooooboooogb oo
gd
U obooooooooboboo
OD0dtand0 000000 Otane0 00 OO0OO
O0J4tano0 00000000000 Otano00 000
OO00000000d4tane000000000OCOODOO
gboudb bbb oooobboogoo
gobobbopoboobbbobbboobobogbo
gobboboooooobboboobbobbobooo
gobooboboobobooobooooboobooon
O00000000dtano0000O00OOOOOOO
MO tand0 00000 OO0O00O0OOOOOOOO

JSR TECHNICAL REVIEW No.114/2007



O
S 014 '")3,R NHRL[ @103 & |
L A Si-OR RN ~~e = o
5 ii msll OR ~~—
:} 0.12 m ( R A :
S 0.1 ~Si-0R \1 /mﬂn)s NQ:
® .10 (-2 .._NR "
N 4 m | ~SiOR
§ 000 (™SHOR - &\
= (2
0.08 /' \ﬁ\‘uNM
0.07 AP it gy [Gir1 R
. @Sl -OR R2N~us| o)

0.06
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

Atand

Fig. 11 Relation between tandé @500, 3% strain and
Atan ¢ of S-SBRs

0.08| 91
(Q NN
Soo [ 0% ’h ((i)-1+Gi)-3 W Gi-2+(i)-3
R;Nam || HN
006 RN~ ;N Nowe

s
(A Si-OR
)

0 10 20 30 40 50 60 70 80 90
Bound Rubber (%)

Fig. 12 Relation between Atandé and bound rubber
content of S-SBRs

OMoCOdtano000000OCCOCOOOOOOOOOO
gobooooooooooobooooooooaooo
oooobooooooooooo

gosBrOOODOOOODODOODOOOODOOOOO

oooooooooboooboboobooobooooooog
goobooboobooooooooboooooooboooon
chooooooOooobobooboooobooonoooboooo
00000 0MmoboooooooseRibhgooood
0000000000000 00C0 000000 SBrRy a0
coooooTeMOOOOODOOOOOOOOOOO
OO00ooooooooboooseRiidoooooono
SBRiOO0O000ooooooooooooooooo
oo

gof
ubooobooocoooobOOoooocoooooooo

(8 Non-modified
SBR

(b) SBR having both
alkoxysilyl and primary
amino groups

Fig. 13 Electron micrographs of vulcanizates of non-
modified SBR and SBR having both alkoxysilyl
and primary amino groups

gboooboooooboosBROODOOOOODOOOOO
goobooobogobboboobobboooo
gooob0oboobobbobooobooobooboser
goooooobboobooobooooooboooon
goobooobboboooboooobooooooo
googgooooboosssrOoogooooooon
gd
gooooobooobopoooooobobbgooga
gbopobobooboboobbboboooobob oo
gd
goobooobboobobod
gopbooobobooobobooobboboooooogo
goooooooboboooo
goboobooboobbooooboobooboog
god
gogoobooboooooobbobboobooboboosBr
goboboooooooobobbbboooboon
gopoooogooobobbbbobboooboo
goobooogoboooooobod

IRC Yokohamad T OMI-93-1£10

oooo

OO N. Ohshima, F. Tsutsumi and M. Sakakibara:
IRC Kyoto T TIAT]

00 F. Tsutsumi, M. Sakakibara and N. Ohshima:
Rubber Chem. Technol ., 63,0010

OO0 T. Tadaki, F. Tsutsumi, M. Sakakibara and |I.
Hattori: (TT0" Meeting of Rubber Div. ACS, Pitts-

JSR TECHNICAL REVIEW No.114/2007



burgh (1994), paper No.64

7)

T. Tadaki, H. Akema, N. Kobayashi, A. Koike

4) N. Nagata, T. Kubatake, H. Watanabe, A. Ueda and F. Tsutsumi: IRC Seoul (1999), p.283
and A. Yoshioka: Rubber Chem. Technol., 60, 837 8) T. W. Bethea, W. L. Hergenrother, F. J. Clark
(1987) and S. B. Sarker: “Novel Tin-containing Elastom-

5) T. Tadaki, I. Hattori and F. Tsutsumi: “Applica- ers Having Reduced Hysteresis PropertjedSRP
tion of Anionic Polymerization ReseatctACS, (1994)
Symposium Ser. 695, Roderic P. Quirk Ed. 9) L Furuta and 1. Hattori: 142" Meeting of Rubber
(1998), Chapter 5, p.62 Div. ACS, Nashville (1992), paper No. 103

6) D.F. Lawson, D.R. Brumbaugh, M.L. Stayer, J.R. 10) L Hattori, M. Sakakibara, I. Furuta, K. Makino
Schreffler, T.A. Antkowisk, D.Saffles, K. Morita, and Y. Hongu: 143“ Meeting of Rubber Div.
Y. Ozawa and N. Nakayama: “Application of An- ACS, Denver (1993), paper No.22
ionic Polymerization Reseaf'shACS Symposium 11) Y. Ozawa, N. Endo, H. Kondo, T. Shimizu, K.
Ser. 695, Roderic P. Quirk Ed. (1998), Chapter 6, Morita and D. F. Lawson: IRC Nuremberg
p.77 (2003), p.163

8 JSR TECHNICAL REVIEW No. 114/2007





