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ABSTRACT

The purpose of this work was to investigate the effect of
arrow pattern tire compound on hardness, wear resistance
and grip coefficient in dry and wet operation conditions.The
mixing compound would be consist of Rubber Smoked
Sheet (RSS), Styrene Butadiene Rubber (SBR), Black
Carbon, Paraffin oil, ZnO, Stearic Acid, Paraffin wax,
Epoxy and Sulphur. The compound is mixed and heated to
100 °C. After being cooled it is then conducted hardness test,
performed wear test and tested for friction.The hardness and
the tensile strength of the tire compound increase with
increasing black carbon composition. While the wear of the
tire compound decrease with increasing black carbon
composition. There were no significant differences of grip
coefficient when black carbon increased. However, grip
coefficient will decrease by 12% when operating conditions
change from dry asphalt track to wet asphalt track. The life of
tire compound usage is increased by the addition of black
carbon particles.
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1. INTRODUCTION

Vehicles roll on rubber tires that transfer friction force and
wear out over the vehicle’s lifetime. Vehicle tires are made
of natural rubber because it excellent properties such as
flexible and elastic[1]. In addition, the rubber material does
not quickly absorb heat. Tires are made of vulcanized rubber
and various reinforcing materials. The most commonly used
rubber matrix is the co-polymer styrene-butadiene (SBR) or
a blend of natural rubber and SBR[2]. In addition to the
rubber compound, tires contain carbon black which is used
to strengthen the rubber and improve abrasion resistance.
Sulphur is also added in order to vulcanize the rubber
compounds, transforming them into highly elastic material.
Textile or steel fibers, usually in the form of a cord, used to
provide the reinforcing strength or tensile component in
tires[3-6].

Tires carry all types of loads or forces on the vehicle such as
longitudinal and vertical braking, driving, cornering, and
camber thrust to the road. This force is needed to control the
direction of the wvehicle. Traction tires are the result of
friction generated in a variety of driving conditions such as
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cornering, braking and acceleration. That is a concept that
illustrates the grip between the tire and the road [7-9].

Most of the grip is obtained if the tire comes in contact with
the road surface at temperatures, optimal road conditions. In
other to the four tires have maximum performance, they
should be at the same temperature level. The coefficient of
grip is also affected by the type of tire compound material
and the tread surface of the tire. However the effects of tread
wear and tyre age on the stiffness and friction coefficient of
a tyre are not well understood[10-11].

Grip coefficient is very determining on a vehicle, because it
will determine the driving force of a vehicle. Grip coefficient
is strongly influenced by: the composition of the tire
material, the type of road, road conditions, road temperature,
and the tire load[12-13]. Indonesia is the second country in
natural rubber production. Tire material research is
dominated by Japan, France. Research has been done on a
large scale, research on a small scale and portable has not
been developed. For this reason, we want to develop this
research on a portable scale, which can be generalized to its
conditions.

The composition by adding sulphur is called a vulcanization
reaction. The wvulcanization reaction aims to increase the
hardness of the tire material. Also in this case the carbon
element is usually added. Sulphur element functions to break
the double chain into a single chain, while the carbon
element functions to add a new hydro carbon chain.

Sulphur is the main component of tire rubber compound that
amount of 30- 50 phr will increase tensile strength and
hardness of tire rubber compound. Composition sulphur of
30-50 phr and riclym of 20-40 promote its good strain
properly [14-15].

Carbon black has been widely used in automotive related
rubber product applications[16]. The main function of
carbon black in rubber is to increase the modulus [17].
Despite its particle size, Black Carbon is the most efficient
filler, surface conditions and other properties can be
combined widely. The property of the elastomer also
determines the performance of the filler. A good material to
improve the properties of certain rubbers, not certainly work
equally well for other types of rubbers. Increasing the
amount of filler causes an increase in the vulcanization



properties. Black carbon is the only inexpensive material
that can improve the three important properties of
vulcanization, namely tensile strength, wear resistance and
abrasion resistance[18].

Tire compounds release particulate wear products through
mechanical abrasion. The wear of the tire compound
contributes significantly to micro plastic pollution to the
environment. Pollution caused by tire compounds is much
higher than other sources of micro plastic pollution,
eg.airplane tires, brake wear and synthetic grass [19].
Environmental pollution with plastic is recognized as a
serious global threat because it can have a negative impact
on the economy and human health[20].

In this work, the coefficient of grip research will be
developed on a small scale, with parameters that will be
developed and observed proportionally, so that the results
can be considered close to the actual conditions. Research on
the grip coefficient is still rarely done, because it requires
quite large and expensive hardware. Micro-scale modeling
of research allows results that are close to, at relatively little
cost. An increase in grip coefficient will be carried out by
mixing rubber compound from material: RSS (Sulphurized
Smoked Rubber), SBR (Styrene Butadiene Rubber), Black
Carbon, ZnO, SA (Stereic Acid) and Sulphur. RSS rubber
and SBR rubber are rubber that functions as a tire material
matrix. The purpose of the work is to investigate the effect
of black carbon composition on hardness, wear resistance
and grip coefficient of tire compound [21-22].

2. MATERIALS AND METHODS

The material for the tire compound used in this work is
shown in Table 1. In the initial stages of compounding, the
first thing to do is to weigh the ingredients according to the
formulation of each compound. Then the ingredients are
mixed one by one using a roll mixing machine. After mixing
was completed, the results are called compounds (Figure 1).
The vulcanization process was carried out at a temperature
of 150 °C.

Table 1. Composition of tire compound composite

Comp- Comp- Comp-
No  Materials ound 1 ound 2 ound 3
(phr) (phr) (phr)
1 RSS 70 70 70
2 SBR 30 30 30
3 Black 50 55 60
4 Carbon 6 6 6
5 Parafin 4 4 4
6 Oil 2 2 2
7 Zn0 0.5 0.5 0.5
8 Stearic 1 1 1
9 Acid 2 2 2
10 Parafin 3.5 3.5 3.5
Wax
MBTS
Epoxy
Sulfur
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Figure 1: Compound product of vulcanization process.

After the vulcanization process was completed. There were
three tests conducted, the first was hardness test with
durometershore A type of hardness test. Then the second
tensile test and the third friction test (grip coefficient test).
However, the friction media which were originally in the
form of disc disks are replaced with disks whose paths were
already in the form of asphalt. The analysis was carried out
to get the strongest friction of several specimens tested later.
The conclusions contain the final test results of the test
specimens.

3. RESULTS AND DISCUSSIONS

The results of hardness testing using the Durometer Shore A
Hardness Tester can be seen in Figure 2. Compounds with
black carbon contents of 50 phr, 55 phr and 60 phr
hadhardnesses of 63.7 HA, 64.87 HA and 71.17 HA,
respectively. While the hardness of commercially tire
compound was 53.37 HA. This shows that an increase in
black carbon content from 50 phr to 60 phr increases the
hardness of the tire compound by 12%. Compounds with a
black carbon content of 60 phr had an increase in hardness
of 33% compared to the hardness of a commercially tire
compound. Figure 2 also shows that the tire compounds
which were produced in this research from all black carbon
variations were higher than the commercially tire compound
hardness. The increase in hardness in the tire compound is
caused by an increase in cross links due to carbon atoms.
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Figure 2: Effect of black carbon content on hardness and its
comparison to commercially tire compound.

Tensile test results show the same tendency as hardness test
results. This shows the existence of a linear relationship



between strength and hardness. Figure 3 shows the
compounds with black carbon contents of 50 phr, 55 phr and
60 phr had tensile strengths of 159.47 kgf/mm? 178.84
kgf/mm? and 253.72 kgf/mm?, respectively. All compounds
produced in this work had higher tensile strength than the
tensile strength of commercially tire compounds. The
highest increase in tensile strength in the carbon content
range from 50 phr to 60 phr reaches 94%.
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Figure 3: Effect of black carbon content on tensile
strength and its comparison to commercially tire compound.

Tensile test results show the same tendency as hardness test
results. This shows the existence of a linear relationship
between strength and hardness. Figure 3 shows the
compounds with black carbon contents of 50 phr, 55 phr and
60 phr had tensile strengths of 159.47 kgf/mm? 178.84
kgf/mm? and 253.72 kgf/mm?, respectively. All compounds
produced in this work had higher tensile strength than the
tensile strength of commercially tire compounds. The
highest increase in tensile strength in the carbon content
range from 50 phr to 60 phr reaches 94%.

Wear test results can be seen in Figure 4. Wear is calculated
from the difference in volume before and after the friction
test divided by time. Wear on tire compound with operating
conditions on dry asphalt track has decreased from black
carbon composition of 50 phr to 60 phr. Black carbon
composition of 50 phr produces a wear of 14 m%s. Black
carbon composition of 55 phr produces a wear of 12 m%/s.
Black carbon composition of 60 phr produces a wear of 7.8
m3/s. Overall, the wear reduction from Black carbon
composition from 50 phr to 60 phr is 44%. Compared to the
wear on the commercially tire compound, the reduction in
wear on the tire compound produced by this work reached
56%.
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Figure 4: Effect of black carbon content on wear in wet and
dry asphalt track and its comparison to commercially tire
compound.

Figure 4 also shows the same tendency of wear if the tire
compound is operating in a wet asphalt track operating
condition. Tire compound wear tend to decrease with
increasing black carbon content. Black carbon composition
of 50 phr produced a wear of 5.6 m%s. Black carbon
composition of 55 phr produced a wear of 3.75 m%s. Black
carbon composition of 60 phr produced a wear of 3.4 m%s.
While commercially tire compound had a wear of 6.15 m?/s.
This means that the tire compound produced in this work
experienced a reduction in wear of 45% on the wet asphalt
track operating conditions.

Operating conditions affect the performance of the tire
compound. It can be seen in Figure 4 that there was a
decrease in wear on each specimen of the tire compound in
wet asphalt track. Commercially tire compound has
decreased wear by 65%. Black carbon composition of 50 phr
has decreased wear by 60%. Black carbon composition of 55
phr has decreased wear by 69%. Black carbon composition
of 60 phr has decreased wear by 56%. The average reduction
in wear experienced by tire compounds in wet asphalt track
operating conditions is 63%

Grip coefficient testing did not show significant differences
with the addition of black carbon composition both in the
dry asphalt track and wet asphalt track operating conditions
(Figure 5). However, there was a decrease in the grip
coefficient on the tire compound used in the wet asphalt
track when compared to the use in the dry asphalt track
condition. Commercially tire compound has decreased grip
coefficient by 12%. Black carbon composition of 50 phr has
decreased grip coefficient by 12%. Black carbon
composition of 55 phr has decreased grip coefficient by
12%. Black carbon composition of 60 phr has decreased grip
coefficient by 12%. The average reduction in grip coefficient
experienced by tire compounds in wet asphalt track
operating conditions was 12%.
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Figure 5: Effect of black carbon content on grip coefficient
in wet and dry asphalt track and its comparison to
commercially tire compound.

4. CONCLUSIONS

From this work, it can be concluded that the hardness and
the tensile strength of the tire compound increase with
increasing black carbon composition. While the wear of the
tire compound decrease with increasing black carbon
composition. This means an increase in wear resistance with
increasing black carbon composition. On the other hand, wet
asphalt track operating conditions reduce wear by an average
of 63% compared to wear that occurs in dry asphalt track
operating conditions. There were no significant differences
of grip coefficient when black carbon increased. However,
grip coefficient will decrease by 12% when operating
conditions change from dry asphalt track to wet asphalt track
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