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Orientation behavior of low-mass compounds in cross-linked rubber during stretching

Kiyama, Ayumi*/Nobukawa, Shogo /Yamaguchi, Masayuki

The orientation dynamics of low-mass compounds (LMCs) in cross-linked rubber during uniaxial

stretching were studied. Small amounts of LMCs such as 4-cyano-4'-pentylbiphenyl (5CB) and

styrene-based tackifier (TF) were added into polybutadiene rubber (BR). The rubber sheets were

uniaxially stretched by a tensile machine equipped with an optical system to measure both the retardation

and the stress-strain curve simultaneously. It is found that the orientation of LMC molecules does not

relax even after the cessation of stretching. The results demonstrate that orientation relaxation of LMC

molecules hardly occurs because of the Nematic interaction, i.e., internal orientation correlation. The

stress-optical coefficient Cr is enhanced by the addition of 5CB, whereas the TF addition decreases the

birefringence. The results demonstrate that both 5CB and TF-molecules are oriented to the stretching

direction with BR chains.

Key words : orientation birefringence, butadiene rubber, low-mass compounds, nematic interaction
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Table 1 Grass transition temperature T, and crystallization temperature T

(°C) Cross-linked BR/5CB BR/TF
T, 101 101 1103
T 52 59 55

C




AN pAH™ - AF)IEET - 1R Brz™

>CB

CH3(CH2)4CN
TF
n I m

Fig. 1 Chemical structures of 4-cyano-4'-pentylbiphenyl (5CB)
and styrene-based tackifier (TF)
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Fig. 2 Schematic illustration of the simultaneous measurements
of birefringence and tensile stress
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Fig. 3 Temperature dependence of tensile modulus for
cross-linked BR at 10 Hz
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Fig. 4 Temperature dependence of loss tangent for BR/LMC
at 10 Hz



Heat Flow

NI Y R A

® Cross-linked BR| 10 °C/min
A BR/5CB <

-140 -120 -100 -80 -60 -40 -20

Temperature (°C)

Fig. 5 DSC cooling curves
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Stress o (MPa)

Fig. 6 Growth curves of (a) tensile stress o and (b) orientation
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Fig. 7 Relaxation behaviors of (a) stress and (b) birefringence.
The strain was kept at 0.2 for 100 s
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Fig. 8 Stress-optical coefficient C, for BR and BR containing
5 wt% of LMCs
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