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Abstract

Hydrogenated acrylonitrile butadiene rubber (HNBR) is a high-performance rubber

specifically used in applications where high resistances to hydrocarbon oil and thermal ageing

are required. Consequently, HNBR is widely adopted in automotive, industrial, and

performance-demanding applications [1,2]. Despite its high mechanical properties, further

reinforcement with the uses of reinforcing fillers is still of interest in order to gain the HNBR

vulcanisates having excellent mechanical properties, oil resistance and thermal ageing

resistance in conjunction with reduced production cost in some circumstances. The present

work deals with the development of HNBR vulcanisates to be used for manufacturing the

industrial rolls for paper mill application. Parameters to be investigated include types and

loadings of reinforcing fillers, namely, carbon black (single and hybrid systems), precipitated

silica and organoclay.

Results of cure behaviour show that there is only small alteration in cure

characteristics by the addition of carbon black either single or hybrid system. By contrast, in the

cases of precipitated silica and organoclay, the cure promotion phenomenon is observed

leading to decreases in scorch and optimum cure time with the increase in crosslink density.

The formation of transient filler network via filler-filler and rubber-filler interactions is believed to

be responsible for the cure promotion effect.



In the cases of mechanical properties, the increase in filler loading gives rise to the

increase in modulus and hardness as expected. The smaller the filler size, the greater the

reinforcement magnitude, and the poorer the heat-build up via hysteretic process. Compared

with single system, the hybrid systems of carbon blacks provide more flexibility in balancing the

mechanical and dynamic mechanical properties. With the use of precipitated silica, the

modulus increases sharply particularly at low deformation strain which could be explained by

the high magnitude of transient filler network caused by the interaction between silanol groups

of silica aggregates and acrylonitrile groups of HNBR as well as between silica aggregated

themselves. However, at high strain, such transient network could be disrupted leading to the

high magnitude of hysteresis loss and thus heat-build up. This circumstance is more

pronounced in organoclay than precipitated silica due to the greater surface area.

In order to enhance processability in this work, the use of Trimethylolpropane

trimethacrylate (TRIM) is found to offer good processability with minimal reduction in modulus of

vulcanisates, as compared with the zinc diacrylate (ZDA) and Trioctyl trimellitate (TOTM).

Key words: Reinforcement; Viscoelastic properties; Carbon black; Heat buildup;

Hydrogenated nitrile rubber





