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Abstract
This study is to investigate the wear behaviour of several bagasse-polymer-cement composites with
different ratios of styrene butadiene latex (SBR) content; 3%, 6% and 12%. The main precursor; sugar
cane were chopped into 5mm in length and randomly dispersed within the matrices bagasse-polymercement composites with 6% of SBR content was found to gain the highest value of hardness. They were
selected to irradiate to dose of 10kGy and 20kGy of electron beam irradiations, in order to modify the
microstructure of bagasse-cement composites. It was noted that tensile strength was greatly improved
with greater irradiations dose. The sliding wear test was conducted in a dry sliding condition against
hardened carbon steel of +60 HRC of 1 m/s. Under a pin-on disk configuration, the tests were carried
out at 10N and 50N of load range in a room temperature (~25 ºC). It was found that composites with 6%
of SBR content which exposed at 20kGy irradiation showed the best wear resistance with 463-5.2×10^(4) Mm³/Nm, at both low and high load. Observation by the scanning electron microscopy on the
microstructure of the irradiated composites indicated that the voids within the matrices were greatly
reduced, which therefore increase the mechanical properties, as a whole, than there of unirradiated
areas. Finally, the predominant wear mechanism on this case were mostly plastic deformation,
ploughing, fragmentation of were debris on the matrix, excessive determination of fibre surface followed
by delimitation and fiber removal.

1. Introduction
In the old days, most agriculture side-products,
i.e; sisal, coir, bamboo, sugarcane bagasse or
paddy chaff, will be destroyed via burning or
being used as burning materials despite of its
low calories compared to coals. However, today,
interestingly, several types of natural fibres
which are still in abundance, have proved to be a
good and effective reinforcement in both
thermoset and thermoplastic matrices (Jacob et
al., 2004, Joseph et al., 2002, Pothana et al.,
2003 and Tong et al., 2005). Due to its low cost
and high specific mechanical properties, natural
fibres have emerged as a potential candidate for
renewable and biodegradable alternative to most
synthetic reinforcement like glass fibres
(Corbierre-Nicollier et al., 2001). In fact, fibres
like sisal, jute, coir and flax straw have proved
to be good and effective reinforcement in both


thermoset and thermoplastic matrices. However,
little information concerning the tribological
performance of natural fibres reinforced
composites has been reported (Yousif et al,
2005, Tong et al., 2005, El-Sayed et al., 1995),
particularly literatures on the tribological
behaviour of sugarcane bagasse as
reinforcement in cement composites. As
reported by El-Tayeb (2008) the sugarcane
fibres have a promising potential as a
reinforcement agent especially in adhesive
sliding contacts. However, some researchers
claimed that the fibres need to be treated
chemically to improve the mechanical properties
of the composites. Thus, in order to study the
real tribological role of the fibers in the polymer
cement composites, untreated and both
irradiated/unirradiated is carried out in this
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study. For composition use, samples with 6% of
SBR content were selected in this world due to
its great and significant hardness. Due to this
characteristic, only those with 6% of SBR were
carried out for irradiation treatment.

2. Background
In general, cellulose is one of the main
components in natural fibres. The
macromolecule based unit for cellulose is
anhydrous-d-glucose which contains 3 hydroxyl
alcohols (-OH). This hydroxyl group forms the
hydrogen bond in between its own
macromolecule
with
other
cellulose
macromolecules. Thus, all natural fibres are
natural ydrofoil where its moisture can achieve
up to 8 up to 12.6%. One of the main
characteristic for natural fibre is the degree of its
polymerisation. The degrees of polymerisation
are different for different fibres. The fibril which
own by cellulose macromolecule will form a
spiral along the axis. Normally, toughness and
stiffness for hemp, ramie, and jute, for example
are connected between axis angle and fibril
fibres. The mechanical properties of this
composite will increase when the angle becomes
smaller.

3. Experiment Procedures
3.1 Sample preparation
The main precursor; sugarcane bagasse is
obtained by crushing the cane stalks using the
RLL-3 Portable Crusher before being washed
under running water. The crushed bagasse was
then dried at 105oC for 24 hours and grind. After
grinding, the fibers were sieved; yielding fibers

with < 5 mm in length and diameter that ranged
between 300–500 Pm. Blended cement
composites were prepared by mixing the
Portland cement with bagasse fibers (30% of the
composite) and water. The mixing process was
carried out by using the Winkworth mixer
machine with water to cement ratio (W/C) of
0.25. The water was added gradually to the
fiber-cement mixture for 5 minutes. Polymer
emulsions were added to the mixture of fibercement composites after a complete addition of
water, for a period of 10 minutes, with different
weight percentages of 3, 6 and 12% to the
weight of the mixture, respectively. The
homogenous mixture was then hot-pressed into a
mould of 10 mm diameter and 3.5 mm thick at
130oC with 50 tons load for 30 minutes. The
samples were finally cooled at room temperature
and kept for mechanical testing.
3.2 Wear test
Prior to the wear test, the hardness value of each
sample was carried out. It was noted that
samples with 6% of SBR exhibited the greatest
hardness. This was followed by irradiation
process at 10kGy and 20kGy of electron beam.
The wear test was carried out by using a pin-ondisc configuration in dry condition at room
temperature. The dry sliding was kept at a fixed
speed of ~1m/s under 10N and 50N of applied
load. Morphologies of run samples were then
examined by the Scanning Electron Microscope
(SEM) with the aid of the energy disperse X-ray
(EDX) spectrum.

4. Result and Discussion

Table 1 Specific wear rate for bagasse polymer-cement composite sample

Composite
sample
6% SBR
6% SBR,
(10kGy)
6% SBR,
(20kGy)

F,
Load
(N)
10
50
10
50
10
50

V,
Volume
loss (mm3)
14.29
35.71
8.93
33.93
5.56
31.48

t,
Time
(s)
1200
1200
1200
1200
1200
1200


v,
Velocity
(m/s)
1
1
1
1
1
1

s,
(= v·t)
(m)
1200
1200
1200
1200
1200
1200

Specific wear
rate, K’
(= V/F·s), (mm3/Nm)
1.19E-03
5.95E-04
7.44E-04
5.66E-04
4.63E-04
5.25E-04
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Table 1 shows the data between the specific
wear rate (K’) as a function of applied load for
both unirradiated and irradiated samples. Based
on the result in Figure 1, specific wear rate for
6% SBR decreased with increasing load for each
composite. Meanwhile for 6% SBR, 10kGy and
6% SBR, 20kGy composite sample, load did not
influence its specific wear rate. Hence,
percentage of SBR latex composition could
influence specific wear rate on each sample
composites. Specific wear rate, K’ was a
suitable parameter in reporting wear rate in
tribology. It was a logical parameter because it
was closely related to total wear (wear volume)
to input as mechanical energy to contact (load
and sliding distance) (Kenneth Holmberg 2005).
The lower the value of K’, the better wear
resistance (Ghazali et al. 2007). Hence, 6% SBR
(20kGy) composite sample showed the best
wear resistance property.
Table 2 showed average coefficient of
friction for all studied samples. Graph of
coefficient of friction versus time (second) for
6% SBR with 10N and 50N load was shown in
Figure 2. Based on the result obtained, the value
of average coefficient of friction decreased with
increasing load. From observation, all the three
loads experienced ploughing. Figure 3 showed
graph of coefficient of friction versus time
(second) for 6% SBR (10kGy) composite
sample with 10N and 50N loads. The result
obtained showed that the coefficient of friction
decreased with increasing load. The sample
experienced ploughing on these two loads.
(Bharat Bhushan 1999). Figure 4 showed graph
of coefficient of friction versus time (second)
for 6% SBR (20kGy) composite sample with
10N and 50N loads. Based on the result
obtained, the value of coefficient of friction

decreased with increasing load. Sample with
10N load showed increment in its coefficient of
friction to a certain limit before declining. This
was because plastic deformation occurred on the
composite sample (Bharat Bhushan 1999).
Based on all the results, 6% SBR, 6% SBR
(10kGy), and 6% SBR (20kGy) composite
sample yielded the same result which was their
coefficient of friction decreased with increasing
load.
Table 2 Average coefficient of friction for bagasse
polymer-cement composite sample.
Composite
Sample
6% SBR




6% SBR
(10kGy)
6% SBR
(20kGy)



Load (N)
10
50

Coefficient of
friction, µ
0.953
0.557

10
50

0.408
0.404

10
50

0.532
0.429

Figure 5 (a) to Figure 5 (c) showed SEM
micrograph for surface wear of the composite
sample with 10N load. Meanwhile Figure 6 (a)
to Figure 6 (c) showed SEM micrograph for
surface wear of the composite sample with 50N
load. Based on Figure 5and Figure 6, generally
crack on all samples would increase with
increasing load. However, the value of K’ for
6% SBR, and 6% SBR (10kGy) composite
sample showed decrement with increasing load.
The crack in 6% SBR (20kGy) composite
sample showed piece crushed shape on
composite sample and showed the best wear
property among all.



Fig. 1. Specific wear rate K’ vs Load
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10N

50N

Fig. 2. Graph of coefficient of fraction vs time for composite sample 6% of SBR
with load of 10N and 50N
10N
50N

Fig. 3. Graph of coefficient of fraction vs time for composite sample 6% of SBR
(10kGy) with load of 10N and 50N
10N

50N



Fig. 4. Graph of coefficient of fraction vs time for composite sample 6% of SBR (20kGy)
with load of 10N and 50N
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a)

a)

b)

b)

c)

c)

Fig. 5. SEM Micrograph for surface wear of
composite sample with 10N load a) 6% SBR, b)
6% SBR (10kGy), c) 6% SBR (20 kGy). The
arrow showed the direction of sliding.



Fig. 6. SEM Micrograph for surface wear of
composite sample with 50N load a) 6% SBR, b)
6% SBR (10kGy), c) 6% SBR (20 kGy). The
arrow showed the direction of sliding.
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5. Conclusion
As a conclusion, the objectives achieved.
Couples of results obtained after several test
were conducted. The results for the wear teas
shows that the 6% SBR composite with 20kGy
electron stream have the most optimum wear
attribute. The sample shows the lowest lost of
mass and volume. The 6% SBR (20 kGy)
composite sample shows the lowest K’ value.
While the 6% SBR composite sample shows the
worst wear attribute among the entire composite
sample studied. This matter is supported by the
total of mass lost and the highest K’ value. The
K’ value for the 6% SBR (20kGy) shows an
increment with an added force, adhesive wear
occurs, and the composite sample may stick to
the disc.
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