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Abstract さまざまなせん断歪で、カーボンブラック充填ゴムの緩和弾性率と電気抵

抗を同時測定した。低充填試料では非線形粘弾性に対応する歪範囲でも電気抵抗は変

化しなかった。しかし、高充填試料において、線形歪範囲では電気抵抗が平衡状態で

の値から変化しないが、非線形歪範囲で増加することが明らかとなった。これは、高

充填試料中にはカーボンブラック・フィラー網目が存在し、その非線形粘弾性はフィ

ラー網目の破壊によることを明確に示す。

1. Introduction 
It is well known出atrubber materials filled with carbon black show clear nonlinear 

viscoelasticity even in moderate strain such as s仕ongstrain amplitude dependence of dynamic 
modulus [1]. In rubber materials， there are various interactions; polymer-polymer， 
polymer-filler， and filler-filler interactions [2]. The first is so-called entanglement e町ect[3] 
and the second filler gel [4]. Due to the third interaction， there may be filler network in filled 
rubbers. The second interaction is considered to be strong enough. Hence nonlinear behaviors 
in uncross-linked， filled rubber may come from s甘ain-induced chain aniso佐opy，
disentanglementlre-entanglement， and filler network rup旬re.However， chain anisotropy may 
disappear shortly with relaxation of stress. S'o we sh'Ould f'Ocus 'Our c'Oncem 'On the latter tw'O 
effects. H'Owever， the tw'O effects 'Occur simultane'Ously. Theref'Ore， we cann'Ot distinguish the 
'One fr'Om the 'Other using visc'Oelastic functi'On such as relaxati'On m'Odulus. We need. an'Other 
pr'Obe. 
P'Olymers are n'On-conductive materials. H'Owever， carb'On black (CB) sh'Ows high 

electric conductivity. It is well kn'Own that rubbers filled with en'Ough am'Ount 'Of CB sh'Ow l'Ow 
electric resistivity [5].百lismay mean f'Ormation 'Of CB-filler netw'Ork. Theref'Ore， if filler 
netw'Orkrup旬resin large def'Ormati'On， electric resistance sh'Ould increase. 
The pu中'Ose'Of this w'Ork is t'O discuss the change in filler netw'Ork and n'Onlinear 

visc'Oelasticity 'Of uncr'Oss-linked， CB-filled rubber by simultane'Ous measurements 'Of 
electrical resistivity and relaxati'On m'Oduh旭 inlarge shearing def'Ormations. 

2. Experimental 
2.1 Samples The rubber used was styrene・butadienec'Op'Olymer (SBR). CB used was N330 
(primary particle size 28 nm). F'Our rubber samples having 0・50phr (0・33wt%) of CB and 
small amount 'Of additives. All the samples have n'O cr'Oss-linking. 
2.2 Methods Relaxation m'Odulus was measured using high-precision R'Otati'Onal Rhe'Ometer 
RDA-3 (Rhe'Ome仕icScientific) and disk shaped sample having 19.8 mm diameter at vari'Ous 

values 'Of shear strain r ranged企'Om0.001 t'O 1.0. Electrical resistivity was measured using 
Digital Electr'Ometer R8340A (Advantest). p was caIculated合'Omthe electrical resistance R by 
p=RA/L， where A is the secti'Onal area， and L the distance between tw'O parallel plates. B'Oth 
the relaxati'On m'Odulus and electric resistivity were measured simultane'Ously at 353K. 

3. Results and Discussion 
The unfilled SBR sh'Owed linear-n'Onlinear transiti'On in viscoelasticity at shear s仕am
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y=0.1 due to disentanglement. The upper panels in Figs. 1 and 2 show the relaxation modulus 
G(y，t) curves for the samples 1 (having 20 phr of CB) and 2 (35 phr of CB)瓜variousshear 
strains， respectively. The filled SBRs show linear behaviors at very small strains， but show 
clear nonlinear behaviors at high strains. 

The lower panels in Figs. 1 and 2 show the change in electrical resistivityバμ)
observed simultaneously with the measurements of relaxation modulus for the two samples at 
various shear s甘ains，where broken lines denote the values of elec仕icalresistivity measured 
before straining pinitial. The value of pinitial for the sample 1 was very high and almost no 
change was found in s紅白ning，indicating that filler network was not formed in the sample 1. 
However， much di宜erentbehaviors in elec甘icalresistivity can be found for the other sample 2 
having 35 phr of CB. The sample 2 showed very low values of pinitial， 420 Qm. In addition， no 
change of the values ofバμ')was observed in the range of s位ainwhere linear behaviors in 
G(t) were found， but increased with strain corresponding to nonlinear viscoelasticity. Quite 
similar results have been obtained for the sample having 50 phr of CB， too. The results clearly 
show that there exist CB filler network in the rubbers having CB of 35 phr or higher， and the 
nonlinear viscoelasticity for the rubbers is due to rupture in CB filler network. 
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Fig.2 Relaxation modulus and el切なic
resistivity vs. time curves for the sample 
2 (35 .phr) at various shear s甘ams.
T=353K. 
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Fig.1 Relaxation modulus and elec甘lC
resistivity vs. time curves for the sample 
1 (20 phr) at various shear strains. 
T=353K. 
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