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Feasibility Study of Using Vegetable Oils as Processing Oil

for Natural Rubber Compound Production
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Abstract

In this research, the feasibility of using 3 types of vegetable oils: palm oil, soybean oil and coconut oil as
replacements for aromatic oils in processing of natural rubber were studied. The Mooney viscosity and stress
relaxation were determined using a Mooney viscosity tester. Vulcanization characteristics were investigated using
a moving die rheometer (MDR). It was found that the Mooney viscosity, minimum torque, maximum torque, torque
difference, and scorch time of the rubber compounds produced with palm oil and soybean oil were not significantly
different from those of rubber compounds incorporating aromatic oil. However, rubber compounds made with palm
oil and soybean oil gave slightly lower cure rate indexes than did compounds made with aromatic oil. Coconut oil
gave rubber compounds with the highest viscosity. The research strongly suggests that palm oil and soybean oil

have great potential to be used as processing oils instead of aromatic oils.
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Table 1 Compound rubber formulations.

Quantity (phr?)

Ingredients

AO PO SO CcO
Natural rubber, STR 20 100 100 100 100
Stearic acid 2 2 2 2
Zinc oxide 5 5 5 5
Accelerator MBT” 1 1 1 1
Carbon black N660 grade 35 35 35 35
Aromatic oil 1 - - -
Palm oil - 1 - -
Soybean il - - 1 -
Coconut ol - - - 1
Sulfur 2 2 2 2

aphr: parts (by weight) per hundred parts of rubber, "MBT: 2-mercapto benzothiazole.
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Table 2 Mixing procedure used in this study.

Duration  Accumulative

Step Procedure
(min) (min)

1 Setthe mill opening at 0.20 mm and pass the rubber through the rolls twice without 1 1
banding

2 Band the rubber on the front roll with the mill opening at 1.40 mm. Make two %4 cuts from 2 3
each side.
Set the mill opening at 1.70 mm. Add zinc oxide. Make one %4 cut from each side. 2

4 Add the carbon black and oil evenly across the mill at a uniform rate. When about half the 10 15
black is incorporated, add the stearic acid and open the mill to 1.90 mm. Make one % cut
from each side then add the remainder of the carbon black.

5  Add the accelerator, taking care to avoid any loss. Sweep the mill pan and add until all the 2 17
pigment is in the batch. Make three %4 cuts from each side.
Add the sulfur and that which falls into the mill pan. Make one % cut from each side. 3 20
Cut the stock from the mill. Set the opening at 0.80 mm. and pass the rolled stock endwise 2 22
through the mill six times.

8  Open the mill to give a minimum stock thickness of 6 mm and pass the stock through 3 25

the rolls four times, folding it back on itself each time.
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Figure 1 (A) Torque curve from a Mooney viscosity test plus a stress relaxation test and (B) Plot of log Mooney units

versus log time from a stress relaxation test.
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Figure 2 Mooney viscosity value of rubber compound with various types of processing oil.
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Figure 3 Torque curve from a stress relaxation test of rubber compound with various types of processing oil.

Table 3 Parameters and correlation of regression power equation.

Parameters
Oil types Correlation, r
k a
Aromatic oil (AO) 2.1685+0.0312 0.613+0.016 0.9960+0.0011
Palm oil (PO) 2.0591+0.1183 0.638+0.034 0.9896+0.0007
Soybean ail (SO) 1.9940+0.0129 0.648+0.013 0.9899+0.0015
Coconut oil (CO) 2.6823+0.0130 0.608+0.008 0.9913+0.0060
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Figure 4 Cure curve of rubber compound with various types of processing oil at testing temperature 150°C.
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Figure 5 Minimum torque, maximum torque, and different torque of rubber compound with various types of

processing oil.
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Figure 6 (A) Scorch time and cure time and (B) cure rate index of rubber compound with various types of processing oil.
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