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ABSTRACT : Hardness of rubbery materials, which is important for dimensional stability and product
performance, was investigated upon temperature change in this study. A newly developed IRHD
(International Rubber Hardness Degree) tester was used to measure the hardness changes of NR and SBR
specimens at various temperatures and the hardness values were compared with the Young’s modulus.
The hardness and Young’s medulus of NR and SBR showed an abrupt change near the glass transition
temperatures. The hardness and Young’s modulus were increased by increasing temperature due to the
increased random chain conformation of molecules. The effect of temperature on hardness and Young’s
modulus of NR and SBR specimens filled with carbon black and silica was decreased by increasing filler

content.
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Table 1. Formulations of NR and SBR Compounds.
Rubber 0  SA  TBBS'  Sufr CBS DPG oo Silica  Si69  Totl
6.00 0.50 0.70 3.50 0.00 0.00 0.00 0.00 0.00 110.70
5.00 3.00 0.60 2.50 0.00 0.00 10.00 118.50
30.00 138.50
100(NR) 50.00 158.50
5.00 3.00 0.00 2.50 1.50 1.00 10.00 0.80 119.80
30.00 240 141.40
50.00 4.00 163.00
3.00 1.50 1.25 1.75 0.00 0.00 0.00 0.00 0.00 107.50
3.00 1.00 1.00 1.75 0.00 0.00 10.00 116.75
30.00 136.75
100(SBR) 50.00 156.75
3.00 1.00 0.00 1.75 1.50 1.00 10.00 0.80 119.80
30.00 2.40 141.40
50.00 4.00 163.00

' Tetramethylthiuram disulfide
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Figure 1. Test specimen for measuring hardness.
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Figure 2. A picture and schematic diagram of the newly
developed hardness tester of rubbery materials upon
temperature change: @ Motor (up-down), @ Plunger,
® Valve, @ IRHD(International Rubber Hardness
Degree) Normal hardness tester, ® Motor (left-right),
® Temperature control chamber, @ Specimen, Inner
plunger, @ Cylinder, @ Flat annular foot.
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Figure 3. Hardness of unfilled NR and SBR specimen:
(a) at low temperature and (b) at high temperature.
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specimen: (a) at low temperature and (b) at high
temperature.
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Figure 5. Hardness of filled NR specimen as a function
of temperature: (a) carbon black filled and (b) silica
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Figure 6. Hardness of filled SBR specimen as a function
of temperature: (a) carbon black filled and (b) silica
filled.
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