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ABSTRACT —A statistical model was developed in this
study to describe rebound resilience of natural rubber
composites which was prepared by using a Haake
internal mixer. Response surface methodology (RSM)
based on central composite centered design (CCD) was
employed to statistically evaluate and optimize the
conditions for maximum rebound resilience and study the
significance and interaction of black filler and glycerol
on rebound resilience yield. With the use of the
developed quadratic model equation, a maximum
rebound resilience 71° was obtained to be a black filler
loading of 50 phr and glycerol loading of 7 %.

1. INTRODUCTION

Natural rubber (NR) was extensively used in many
applications due to its high elasticity (reversible
deformability). However, the rebound resilience of neat
NR are low. For a number of application, addition of a
reinforcing was necessary [1-3,8]. Experimental work to
optimise the formulation can be designed using suitable
mathematical and statistical tools such as design of
experiments (DOE). Some researcher claim that it is
possible to obtain quantitative relations for the effects of
multi process parameters on the properties of the NR
composites via RSM at a minimum number of
experiments [4-5]. In this present study, RSM was used
to develop a mathematical correlation between
formulations to produce NR composites with a smaller
sample size [5].

2. METHODOLOGY

NR composites were prepared based on 100 phr of
Natural Rubber (NR) SMR-20. Curing additives for all
formulations based on 100 parts of rubber were: 1.5 phr
of sulphur (S), 5 phr of Zinc oxide (ZnO), 2 phr of stearic
acid, 0.3 phr of Tetramethyl Thiuram Disulphate
(TMTD) and 2 phr of 6PPD. The rubber compound was
prepared using a Haake internal mixer working at 60°C
and a rotor speed of 60 rpm for 7 minutes according to
ASTM D-3182. The rubber compounds were
subsequently compression molded at 150°C using a hot
press based on the respective cure time, g9 which is in
accordance with ASTM D 2084.

RSM was used to optimize rebound resilience of
NR composites. The central composite centered design
(CCD) was applied to study process variables. The
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experimental runs were carried out according to a 22 full
factorial design for the two identified design independent
variables, namely, black filler (X;) and glycerol (X>) with
low (-1) and high (+1) levels. Thirteen sets of
experiments were carried out in this study with four star
points and five replications at the centre points. The
levels of variables chosen for this trial are given in Table
1. Response selected was rebound resilience. The levels
were selected based on preliminary study results. The
model used in this study to estimate the response surface
is the quadratic polynomial represented by the following
Equation (1):

Y = B+ BiXi + BoXo + BuiiXe® + BraXo + BraXiXo (1)

Table 1 The level of variables.

Black filler (X 1, phr) Glycerol (X 2, %)
50 (-1) 5.0(-1)

75 (0) 6.0 (0)

100 (-1) 7.0 (+1)

Rebound resilience were maximized according to
BS 903 PT A8 standard and tested using the DUNLOP
Tripsometer at room temperature.

3. RESULTS AND DISCUSSION
3.1 Optimisation factor using full factorial CCD
According to the response surface plot, the
maximized rebound resilience of NR composites were
obtained at black filler loading of 50 phr and glycerol
loading of 7% which is 71° (Figure 1). This case is
supported by a perturbation plot as at Figure 2 where the
black filler (X1) loading has a greater effect than the
glycerol (X2) loading as it changes from the reference
point. However, the black filler loading shows a negative
effect on the process because it exhibits a downward plot,
whereas the glycerol loading shows a positive effect as
the line takes slightly downward plot. Many authors
reported that the rebound resilience decreased with an
increased the filler loading [1,6-8]. This is simply
attributed to the dilution effect, because it is known that
the rubber portion provides an elastic response as
measured in terms of the rebound resilience [8-9]. The
desirability function is linear with the value of 1 [10], as
depicted in the Figure 3. The regression equation
characterizing the influence of different considered
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variables on process yield was obtained on Equation (2):

Y = 59.01 — 11.39X; — 0.11X, + 0.24X,* — 0.75X,% +
1.0X,X,
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Figure 1 Effect of the black filler (X 1) loauu)fg' and
glycerol (X ») loading on the resilience of the NR
composites.
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4. CONCLUSION

RSM and CCD proved to be reliable and powerful

tool for modelling,
interactive effects of two process variables.

optimizing and studying the
The

maximum predicted and actual rebound resilience yields
were 71.01° and 71°, respectively. The final combination
of factors used to achieve this rebound resilience is at

black filler of 50phr and glycerol of 7%.

ACKNOWLEDGEMENT

The authors gratefully acknowledge the Universiti
Teknikal Malaysia Melaka for financial support through

(PJP/2016/FKP/HI6/S01484).

131

REFERENCES

(1]

(2]

(3]

[4]

[5]

[6]

[7]

(8]

(9]

Mazliah, M., Mohamad, N., Jeefferie, A. R., &
Effendy, A. H. (2016). Cure characteristics and
tensile properties of natural rubber vulcanizates
modified by tapioca starch. Proceedings of
Mechanical Engineering Research Day, 2016, 163-
164.

Abdul Wahab, M. K., Ismail, H., & Othman, N.
(2012). Compatibilization effects of PE-g-MA on
mechanical, thermal and swelling properties of high
density polyethylene/natural rubber/thermoplastic
tapioca starch blends. Polymer-Plastics Technology
and Engineering, 51(3), 298-303.

Mazliah, M., Mohamad, N., Ab Maulod, H.E.,
Othman, 1.S., Liew, PJ., Azam, M.A., Manaf,
M.E.A., Zaimi, M., Ahsan, Q., Ismail, S., Jeefferie,
A.R., & Muchtar, A. (2017). Swell properties and
dynamic mechanical behavior of natural rubber
vulcanizates modified by tapioca  starch.
Proceedings of Innovative Research and Industrial
Dialogue, 2017, 165-166.

Chonkaew, W., Minghvanish, W., Kungliean, U.,
Rochanawipart, N., & Brostow, W. (2011).
Vulcanization  characteristics and  dynamic
mechanical behavior of natural rubber reinforced
with silane modified silica. Journal of Nanoscience
and Nanotechnology, 11(3), 2018-2024.

Mohamad, N., Muchtar, A., Ghazali, M. J., Mohd,
D. H., & Azhari, C. H. (2010). Epoxidized natural
rubber—alumina nanoparticle composites:
optimization of mixer parameters via response
surface methodology. Journal of Applied Polymer
Science, 115(1), 183-189.

Mohamad, N., Yaakub, J., Abd Razak, J., Yaakob,
M. Y., Shueb, M. 1., & Muchtar, A. (2014). Effects
of epoxidized natural rubber (ENR-50) and
processing parameters on the properties of
NR/EPDM  blends using response surface
methodology. Journal — of  Applied  Polymer
Science, 131(17).

Razak, J. A.,, Ahmad, S. H., Ratnam, C. T,
Mahamood, M. A., Yaakub, J., & Mohamad, N.
(2014, September). NR/EPDM elastomeric rubber
blend miscibility evaluation by two-level fractional
factorial design of experiment. AIP Conference
Proceedings, 1614(1), 82-89.

Ooi, Z.X., Ismail, H. & Abu Bakar, A. (2014).
Dynamic mechanical properties and tensile
behaviour of oil palm ash filled natural rubber
vulcanizates. Advanced Materials Research, 844,
305-308.

Moonchai, S., & Moonchai, D. (2013). Modelling
and optimization of rebound resilience and hardness
of defatted rice bran/calcium carbonate-filled NR
vulcanisates. Polymer Testing, 32(8), 1472-1478.
Myer, R. H., & Montgomery, D. C. (2002).
Response surface methodology: process and
product optimization using designed
experiment. John Wiley and Sons, New York.



