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ABSTRACT : In this study, the thermal shrinkage and expansion stresses of filled NR and SBR vulcanizates
were measured to investigate the dimensional stability at an elevated temperature. When a rubber sample
was held at constant pre-strain, a thermal stress developed upon heating due to the entropic consideration.
The peak shrinkage stress of carbon black or silica filled NR decreased with increasing filler content.
In SBR compounds, however, the peak shrinkage stress of SBR with 30 phr filler content was higher
than that of unfilled compounds. The expansion stress of carbon black filled NR was changed little, but
that of filled SBR increased with increasing the filler content. The peak expansion stress of silica filled
NR and SBR vulcanizates increased with increasing silica content.
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Table 1. Formulations of NR and SBR Compounds.

Materials Composition(phr) *
Rubber 100(NR") 100(SBR")
Stearic Acid" 0.50 1.50
ZnO 6.00 3.00
TBBS® 0.70 1.0
Sulfur 3.50 1.50
Carbon Black' 0/30/50 0/30/50
Silica® 0/30/50 0/30/50
Si-69 0/24/40 0/24/40

Total 110.70 107

* Part per hundred parts of rubber, by weight
® STR CV60
° SBR 1500H (LG Co. Ltd.)
Stearic acide N-tert-butyl-2-benzothiazoic sulfenamide
£
N330
& Ultrasil 7000GR (Daegussa, Korea)
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Figure 1. Test specimens for measuring dimensional
stability: (a) elongated pre-deformation and (b) com-

pressed pre-deformation.
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Figure 3. Schematic diagram of the samples with
clamps: (a) elongated pre-deformation and (b) com-
pressed pre-deformation.

Figure 2. A schematic diagram and a picture of a newly developed test machine measuring the dimensional stability
of rubbery materials upon temperature change: @ chamber, @ clamps, @ load cell, @ rod, ® LVDT, ® screw,

@ crosshead and motor.
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Figure 4. Thermal shrinkage stresses of an unfilled NR

specimen as a function of time at pre-strain of 0.2 and
various temperatures.

0.016 T —T
@ 100°C, pre-strain 0.2
0.012 | “

D.DDST

0.004 L

Peak shrinkage stress, MPa

—e— NR
0.000 | v— SBR

0 10 20 30 40 50 60
Amount of carbon black, phr

Figure S. Peak shrinkage stresses of NR and SBR
specimens as a function of carbon black content at 100°C
and pre-strain of 0.2.
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Figure 6. Peak shrinkage stresses of NR and SBR
specimens as a function of silica content at 100 and
pre-strain of 0.2.
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Figure 7. Thermal expansion stresses of an unfilled NR
specimen as a function of time at pre strain of -0.13
and various temperatures.
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Figure 8. Peak expansion stresses of NR and SBR
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and pre-strain of -0.13.
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pre-strain of -0.13.
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