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Generally, rolling resistance of tire is closely related to hysteresis loss properties which are considered
to depend on the dispersibility of filler in tire tread compounds. It is known that strong interaction between
rubber materials and filler can improve the filler dispersibility. For the purpose of achieving the good inter-
action with silica filler, some modified styrene butadiene rubbers with functional groups at polymer chain
ends have been developed by solution polymerization system (S-SBRs). They showed significant reduction
in the hysteresis loss of silica reinforced compounds. In particular, the modified S-SBR with both primary
amino group and alkoxysilyl group exhibited excellently lower hysteresis loss properties. In order to inves-
tigate the dispersion of silica in compounds with this modified S-SBR directly, the measurements of trans-
mission electron microscopy (TEM) and ultra small angle X-ray scattering (USAXS) were carried out. As a
result, the excellent dispersion state of silica in the compounds with this modified S-SBR was observed, and
we found that smaller size of silica aggregates could reduce the hysteresis loss to much lower level. This

result coincided with that obtained by dynamic viscoelastic measurement.
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Table 1 Polymers prepared for this study

SSBR | Functional group(s) | Vinyl ST Mw Tg
(%) (%) (lg/mol) ()

A none 62 21 199 -36
B Si-OR 60 20 204 -36
C Si-OR + NH, 61 20 194 -36
R ,R-NH,
TR A S - OR AN gi L OR
S-SBR-A S.SBR-B S-SBR-C

Figure 1 Functional groups at polymer ends in S-
SBRs.

Table 2 Formulation for SBR/Silica compounds

Sample No. G Gi) o Gid)
S-SBR-A none 100
S-SBR-B SiOR 100
S-SBR-C SiOR+NH2 100
Silica  Nipsil AQ(TOSOH SILICA) 50 50 50
Sillane  Si75 (DEGUSSA) 4 4 4
Carbon Black Seast KH(TOKAI CARBON) 4 4 4
oil 10 10 10
Stearic acid 2 2 2
ZnO 3 3 3
A.O. N-(1. 3-Dimethylbutyl)-N -phenyl-p-phenylendiamine | 1 1 1
Acc Diphenylguanidine 1.5 1.5 1.5
Acc N-Cyclohexyl-2-benzothiazylsulfenamide| 1.8 1.8 1.8
Sulfur 1.5 1.5 1.5
[/phr]
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Table 3 Dynamic viscoelastic properties

Sample No. (i) (i) (iii)
S-SBR A B C
Functional groups none |alkoxysilyl |alkoxysilyl
+amino
Strain Dependence| 1 %G’ (MPa) 5.5 3.9 2.3
1 %tand 0.129 0. 095 0.078
at 50C, 2 %G’ (MPa) 4.7 3.6 2.2
w=100rad/s 2 Y%tand 0.155 0.113 0.082
3 %G’ (MPa) 4.2 3.3 2.2
3 Y%tand 0.167 0.122 0. 085
5 %G’ (MPa) 3.6 3.0 2.2
5 %tand 0.176 0.131 0. 089
Max tané 0.178 0.134 0. 091
min tand 0. 082 0.071 0.071
Atand 0.096 0.063 0.020
AG (MPa) 3.6 1.7 0.3
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Strain dependences of G’ (a) and tand (b) known as Payne effect.
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Figure 3 TEM images of sample (i) (a), sample (ii) (b), and sample (iii) (c).

(b)

Figure 4 3D-TEM images of sample (i) (a) and sample (i) (b).
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Table 4 Analytical values of 3D-TEM

Sample (i) Sample (iii)
Average Volume (nm?) 30646 23020
Standard Deviation of Volume (nm’*) 86260 45635
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Figure 5 USAXS profiles of SBR/silica compounds.
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