
Jurnal Tribologi 1 (2014) 1-17 

Received 7 April 2014; received in revised form 13 May 2014; accepted 2 June 2014 
To cite this article: Nasir and Ghazali (2014). Tribological performance of paddy straw reinforced polypropylene 
(PSRP) and unidirectional glass-pultruded-kenaf (UGPK) composites. Jurnal Tribologi, 1, pp.1-17. 

Tribological performance of paddy straw reinforced polypropylene (PSRP) 
and unidirectional glass-pultruded-kenaf (UGPK) composites 

R.M. Nasir*, N.M. Ghazali

School of Mechanical Engineering, Engineering Campus, Universiti Sains Malaysia 
(USM), 14300, Nibong Tebal, Seberang Perai Selatan, Pulau Pinang, Malaysia. 
*Corresponding author: ramdziah@usm.my

HIGHLIGHTS 
The coefficient of friction ranges from 0.5 to 4 and wear rate varies from 0.5 to 4×10-5 mm3/Nm for
PSRP.
The friction coefficient of UGPK is within a range of 2.76 to 4.54 at the given test parameters while its
wear rate ranging from 0.8 to 1.79×10-5mm3/Nm.

ABSTRACT
In standard preparation and fabrication of natural-fibre embedded composites, 5 wt. % of natural fibre is 
enough to strengthen and homogenized in parental matrix as the mechanical strength was observed to 
increase by more than 25% of pure matrix. Hence, paddy straw and kenaf has been a potential candidate in 
northern region of Malaysia due to its abundance and easily replenished. A unidirectional glass-pultruded-
kenaf (UGPK) and paddy straws reinforced polypropylene (PSRP) was studied focusing on its tribological 
performance. Meanwhile, friction and wear properties were examined using pin-on-disc machine under 
ambient temperature with dry contact condition. The tests were conducted at various sliding velocities 
(1.178-2.749m/s) and applied normal loads (9.82-19.64N). The results showed that specific wear rate and 
friction coefficient decreased with increasing applied normal load and sliding velocity, but the applied 
normal load was more influential. The coefficient of friction ranges from 0.5 to 4 and wear rate varies from 
0.5 to 4×10-5 mm3/Nm for PSRP. The friction coefficient of UGPK is within a range of 2.76 to 4.54 at the 
given test parameters while its wear rate ranging from 0.8 to 1.79×10-5mm3/Nm. The failure mode observed 
during the test was micro-buckling and followed by splitting while fiber-matrix interfacial failure occurred.  
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1.0 INTRODUCTION 
 
Tag line “Plastic is so yesterday” has bring uproar to many plastic and polymer industry in 
this era mainly due to sustainability and environmental issue. However, in order to 
manipulate the natural resources fully is not In green-conscience composites world, kenaf 
(Hibiscus cannabinus) as a cellulosic source has been known for its high specific mechanical 
properties, non-abrasiveness, and biodegradability, tag along with economic and 
ecological advantages. Besides, kenaf has also been reported to be able replenish easily 
as they could grow and renew to more than 3m within 3 months under a wide range of 
weather condition with base diameter of 30-50mm (Akil et al., 2011 & Lim, 2009). 
Besides kenaf, paddy straws have better performance, higher strength and simple to 
harvest. Paddy straws have been identified as media for oyster mushroom culture 
(Nageswaran et al., 2003).  

New way of tribological performance of fiber composites has been discussed at 
different perspective (Yousif, 2012). Hence, to diversify the applications, engineering 
structural has been explored further to add up their value to a higher level and to open the 
potential of kenaf for tribological applications (de Morais, 2006). Comparison of flexural 
properties between untreated and treat kenaf has also been studied (Automotive 
Industries, 2000). Wear and frictional study on hemp (Beckermann & Pickering, 2008; 
Gui & Asaro, 2009), cellulose (Bledzki & Gassan, 1999), flax strands and starch 
(Canigueral & Vilaseca, 2009), bio-fibres (Nicollier & Laban, 2001), natural fibre cement 
(Coutts, 2005), kenaf (Chin & Yousif, 2009), natural fibres (Ku et al., 2011; Liang, 2011; 
John & Thomas, 2008; Friedrich & Zu, 1993), sisal (Li & Matuana, 2003; Li & Mai, 
2000) and synthetic fibres (Cirino, 1985) have been reported extensively up to date. 
Physical improvement was discussed in detailed (Moigne & Oever, 2011; Moriana & 
Vilaplana, 2011; Qatu & Sullivan, 2010; El-Tayeb & Nasir, 2007).  
 
 
1.0 EXPERIMENTAL 
 
2.1 Materials  
 
Hybrid composite used in this study consists of three main materials which are kenaf fibers, 
E- glass fibers and unsaturated polyester resin. Kenaf bast fibers in the form of twisted roving 
with fiber fineness of 1000 tex were purchased from Zeus International Co., Ltd., Korea. On 
the other hand, E-glass fibers strands with tex of 4800 were supplied by China National 
Materials (Group) Corp., China and the unsaturated polyester resin (Reversol P-9771) used 
was supplied by Revertex (Malaysia) Sdn. Bhd.  
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2.2 Fabrication of composite  
 
Hybrid composite was manufactured into rod shape using pultrusion method by Innovative 
Pultrusion Sdn. Bhd., Negeri Sembilan, Malaysia. It was claimed to have 70% by weight 
fiber loading of fiber to resin and the ratio of kenaf to glass is 1:1. In this hybrid composite, 
kenaf fibers were used as the core material and surrounded by glass fiber strand layer. On the 
surface of hybrid composites was covered by veil which is made of glass fiber mat. This 
hybrid composite was fabricated using pulling speed of 0.8m/minute and undergone curing in 
die at temperature range of 120-140°C for 20 seconds.  
 
2.3 Tribology test  
 
Dry sliding wear and friction test was performed at ambient temperature and humidity using 
DUCOM Pin-On-Disc Tester TR-20 as shown in Figure 1, with a stationary polymer 
composite pin rubbing against a rotating disc and the pin holder was loaded by dead-weight 
supported at the end of hinged horizontal beam.  
 

Stainless steel disc was 
rotated at 100rpm, 200 rpm, 

and 400 rpm

Specimen location
Abrasive 
paper

 
Figure 1 Computer-aided pin-on-disc (CAPOD) machine 

 
 The size of the flat-ended specimen pin was 10mm diameter and 40mm in length. In 
addition, the disc was made of EN31 high carbon alloy steel which was hardened to a 
hardness of 62 HRC. Before each test, the disc was grinded and polished using 1 micron 
alumina on Struers Knuth Rotor 2 grinding and polishing machine, the roughness was 
measured using Surfcom 130A Surface Roughness Tester to give an average surface 
roughness of 0.1μm Ra. The disc was then cleaned with acetone and thoroughly dried. 
Besides, the specimens were also polished against abrasive paper of grade P600 and then 
cleaned using a dry soft brush. These polishing works ensures that the same initial conditions 
and proper contact between the specimen and the disc. 
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2.4 Density measurement  
 
The density of sample was measured using analytical balance, Precisa XB 220A which has 
an integrated density measurement function with a readability of 0.1mg. The setup of density 
determination set is shown in Figure 3. This method is based on the Archimedes' principle 
that states that the buoyant force on any immersed body equals to the weight of the displaced 
fluid. During the measurement, weight of specimen before and after immersion in distilled 
water was recorded and the analytical balance determined the density of sample from these 
weights. Moreover, the theoretical density of hybrid composite can be estimated by the rule 
of mixtures shown below:  
 

mfffc VV ρρρ )1()( −+⋅=      (1) 
 
where ρ is density (kg/m3); V is volume fraction. The subscript c stands for composite and the 
subscript f and m for fiber and matrix respectively.  
 
 
3.0 RESULTS AND DISCUSSION 
 
3.1 Wear performance of UGPK and PSRP  
 
Figure 2 presented the wear volume as a function of increasing sliding velocity on 
varying applied normal load at constant time of 900 seconds. The results show that the 
wear volume increases with increasing sliding velocity. As a result of the dissipation of 
energy in rubbing, increasing sliding velocity contributed to temperature rise in the 
interacting surface of the specimen and sliding disc. The heat generated could then lead 
to softening of polymer matrix and weakening of adhesion strength at the fiber/matrix 
interface and encourages high material removal has been detailed previously (Nasir et al., 
2012). Furthermore, the wear volume tends to be steady at high velocity. It is evident that 
high sliding velocity has no remarkable effect on wear volume. Figure 2 clearly shows 
that the specific wear rate decrease with sliding velocity and applied normal load. In 
accordance to the Equations (2) for wear rate and (3) for coefficient of friction 
respectively,  
 

ND
WWs ρ

Δ=        (2) 

N
F=μ        (3) 
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where  is the weight loss (mg); WΔ ρ is density (kg/m3); N is normal load (N); D is 
sliding distance (m); F is frictional force (N). The specific wear rate is directly 
proportional to the wear loss but inversely proportional to the sliding distance and applied 
normal load. Since sliding time is kept constant for all tests, hence sliding velocity can be 
represented as sliding distance too. Therefore, the reverse trend revealed that the effect of 
wear volume to specific wear rate become insignificant compared to the effect of sliding 
distance and applied normal load at high sliding velocity. This could be due to debris 
layer and transfer film were generated on the surface of composite and sliding disc 
respectively and thus prevents large amount of material removal (Naisr et al., 2012; El-
Tayeb & Nasir, 2007).  
 Moreover, Figure 2 also indicated that the specific wear rate is greatly depend on the 
applied normal load since random fluctuation of specific wear rate was observed when 
increasing applied normal load and keeping sliding velocity constant. It is suggested that 
this trend of specific wear rate change could be due to the effect of debris layer which 
served as thin layer of shield at the fibrous region. In addition, it should also be 
highlighted that the specific wear rate at applied normal load of 19.64N are higher than 
that at applied normal load of 14.73N for sliding velocity of 1.178m/s  and 1.963m/s. 
Therefore, it is evident that the possible existence of an optimum relationship between 
applied normal load, sliding velocity, and specific wear rate. 
 The assumption proposed is verified through visual examination using SEM. As 
shown in the Figure 3, the fibrous region is covered with a layer of polymer matrix 
formed by either back transfer film or debris transformation from the resinous regions 
(Qatu & Sullivan, 2010). This debris layer is generated through successive accumulation 
of small flakes of wear debris which were trapped and further rubbed in between the 
sliding surface. Normally, this compacted debris acts as a third body at the interface 
between composite and sliding disc during the wear process. It could greatly affect the 
specific wear rate depending on its thickness and size (Nasir et al., 2012). Besides, Figure 
4 also denoted that debris layer is formed more readily in glass fibers region than in kenaf 
fibers region. Hence, it is reasonable to assume that the larger size of debris layer at glass 
fibers region have more significant effect to the specific wear rate.  
 Close view of worn surfaces of UGPK at glass fibers region tested at 1.963m/s sliding 
velocity at different applied normal load are shown in the Figure 5.  It can be clearly seen 
that the appearance of debris layer on the surface of composite are different for each 
applied normal load. Figure 4 (a) shows the debris layer developed at 9.82N applied load. 
It is likely that the debris has just begun to take shape, so it is weak and readily broken 
mechanically. Hence, large amount of small wear debris on the worn surface contributed 
to high material removal, thereby high specific wear rate. 
 Meanwhile, at 14.73N applied load, a thicker debris layer is deposited on the surface 
of composite as presented in Figure 4 (b). The debris layer covered the glass fibers end 
could have caused low exposure of fibers to sliding disc, and consequently low material 
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removal and low specific wear rate. On the other hand, applied normal load of 19.64N is 
believed to have exceeded the critical value and result in broken debris layer as shown in 
the Figure 4 (c). This phenomenon leads to more interaction between glass fibers and 
sliding disc, thus the specific wear rate is on the rise once again. 
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Figure 2 Specific wear rate versus sliding velocity for different applied normal loads of 
UGPK 
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Kenaf fibers region

 
Figure 3 Worn surface of UGPK 
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(a) (b)

(c)

 
Figure 4 Worn surface of UGPK at glass fibers region tested at 1.963m/s sliding velocity 
at different applied normal load. (a) 9.82N (b) 14.73N and (c) 19.64N. 
 
 
 On the other hand, Figure 5 shows the worn surface of UGPK at kenaf fibers region 
tested at different test parameters. Micro-crack appeared in the worn surface of the 
composite at 9.82N applied normal load and 1.963m/s sliding velocity as can be seen in 
the Figure 5 (a). This can also be noticed at higher sliding velocity of 2.749m/s in Figure 
5 (b). Meanwhile, Figure 6 (c) and Figure 5 (d) revealed that there is a sign of de-bonding 
on the worn surface at high applied normal load of 14.73N and 19.64N at sliding velocity 
1.963m/s. These wear mechanisms were found to be abrasive in nature although the wear 
tests were carried out against smooth sliding disc. This may be attributed to the increase 
in roughness of the wear track and composite surface during sliding as a result of hard 
particles from fractured glass fibers served as abrasive medium at the interacting surface. 
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(a) (b)

(c) (d)

Microcracking

Porosity

Microcracking

Debonding Debonding

 
Figure 5 Worn surface of UGPK at kenaf fibers region tested at different test parameters. 
(a) At 9.82N applied normal load and 1.963m/s sliding velocity and, (b) At 9.82N applied 
normal load and 2.749m/s sliding velocity, (c) At 14.73N applied normal load and 
1.963m/s sliding velocity, (d) At 19.64N applied normal load and 1.963m/s sliding 
velocity. 
 
 The results obtained in this experiment denoted that specific wear rate of UGPK is 
within a range of 0.8 to 1.79mm3/Nm × 10-5. However, glass fiber reinforced polyester 
composite (GFRPC) was reported to have specific wear rate that ranges from 0.2 to 
0.6mm3/Nm × 10-5 in a study conducted by (Chin & Yousif, 2009). There are two 
possible reasons to explain why KGFHC has lower wear compared to GFRPC. Firstly, 
high fibers loading in UGPK may lead to low wear performance as wear rate increase 
with increasing fibers content (Nasir et al., 2012). Secondly, it may due to the fact that 
the hardness of kenaf fibers is much lower than that of glass fibers. Therefore, kenaf 
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fibers are only able to contribute little support to the polymer matrix during sliding which 
in turn decreases overall wear resistance of UGPK. 
 The fabrication of PSRP in this research was based on a simple processing method 
and similar to the compounding method proposed by (Moigne & Oever, 2011). The 
difference lies in the melting process, where in this research, the polypropylene pellets 
were mixed together with the cockle shell powder first before it was melted while the 
method proposed by (Moigne & Oever, 2011) was by compounding, which was to mixed 
the fiber with polypropylene pellets and at the same time melting it. Another difference 
on the material processing method was that the processing method used in this research 
allows a load to be placed onto the container to make the melting specimen more 
compact. The pressure applied during the melting process was to reduce the porosity of 
the composite prepared. 
 The reason for high porosity of the composite produced could be due to the pressure 
applied by the load is not enough to push the air trap in between the pellets to be removed 
between the small gap of the container. A 10 N load that is applied onto the composite 
with surface area of 0.0441 m2 will only generate pressure up to approximately 227 Pa 
only. This is due to technical constraint, hence; to generate constant pressure up to 105 
MPa as proposed by (Canigueral & Vilaseca, 2009) was not done. 
 It can also be observed in Figure 6 (a) as well that there are gaps in between the fiber 
and the cured polymer. This gap which is approximately 750µm is due to the air trap 
during the composite preparation process or due to the absence of binder. The absence of 
binder in the composite preparation process means that fiber added into the polymer 
matrix depends solely on the compaction of the matrix to hold onto the fiber. Since the 
conventional composite preparation method is not able to release the air trap, the 
fabricated PSRP composite would have a weaker point between the gap of the PSRP and 
the matrix. This could affect the properties of the PSRP composite since binder is not 
used while fabricating this composite. In Figure 6 (b), the composites debonding were 
observed. The wear rate of each composite based on the parameters of the wear test being 
200 rpm of rotating disc and 1 kg of load applied as shown on Table 1 and extracted in 
Figure 7. 
 Wear rate of pure polypropylene is the highest under dried environment while 
unidirectional glass-pultuded-kenaf composite has the least wear rate. This shows that 
after adding the reinforcing material such as paddy straw into the polymer matrix, it 
reduces the wear rate as compared to the polymer itself. The wear rate is reduced by two 
(2) times with the addition of paddy straw while adding kenaf to Pultruded glass-fibre 
increase the wear rate around 15%. The addition of reinforcing material increases the 
ultimate tensile strength, reducing its ability to chip easily; hence reducing its wear rate. 
Based on Table 1, it is observed that wear rate of a specimen is directly proportional to 
volume loss after the wear test is done. As volume loss increases, wear rate of a specimen 
increases since the total test time for each specimen is the same. 
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(a) (b)

 
Figure 6 Micrography on (a) cross-sectional of paddy straws composites before abrasion 
and (b) worn surface PSRP region tested at 9.82N applied normal load and 1.963m/s 
sliding velocity showing debonding of fiber from the PP matrix 
 
 
 
Table 1 Wear rate for paddy straw composite, kenaf composite, pure polypropylene and 
pure Pultruded glass fibre under dried abrasion. 

Specimen 
Volume 
Loss (cm3) 

Surface 
Area 
(cm2) 

Sliding 
Distance 
(cm) 

Time 
(min) 

Wear 
rate 
(mgs-1) 

Mean 
Friction 
Coefficient

Paddy straws 
reinforced 
polypropylene 

0.00404 1 50 30 26.93 
0.54 

Unidirectional 
Glass-
pultruded-
Kenaf 

0.00201 1 50 30 13.5 

2.76-4.54 

Pure 
polypropylene 

0.00602 1 50 30 40.13 
0.6 

Pultruded 
Glass-fibre 

0.00307 1 50 30 15.6 
3.0-4.0 
 

 
 
 

 10



Jurnal Tribologi 1 (2014) 1-17 
 

0

5

10

15

20

25

30

35

40

45

Paddy straws 
reinforced 

polypropylene

Unidirectional 
glass-pultruded 

kenaf

Pure 
polypropylene

Pultruded glass 
fibre

Sp
ec

ifi
c W

ea
r R

at
e 

(m
g/

s)

 
Figure 7 Comparison of specific wear rate of PSRP, UGPK, pure PP and Pultruded 
glass-fibre 
 
3.2 Friction performance of UGPK and PSRP 
 
Figure 8 illustrates histogram comparing coefficient of friction with varying sliding 
velocity and applied normal loads. By observing variation of friction coefficient with 
sliding velocity at applied normal load of 9.82N, a friction coefficient transition 
phenomenon was exhibited at moderate sliding velocity where the increasing trend has 
reversed to become declining trend. A comparison between the worn surface at sliding 
velocity of 1.963m/s and 2.749m/s in Figure 9 revealed that the debris layer generated at 
sliding velocity of 2.749m/s has started to cover the glass fibers end and thereby the 
contact zone of abrasive glass fibers is smaller than that on worn surface tested at sliding 
velocity of 1.963m/s. This in turn results in lower rate of fiber breakage which led to a 
softer sliding took place at sliding velocity of 2.749m/s and gave lower coefficient of 
friction. 
 Furthermore, Figure 8 also denoted that the friction coefficient increases with 
increasing sliding velocity for moderate and high applied normal loads. However, the rate 
of increase in the coefficient of friction decreases as sliding speed increases. It could be 
attributed to softening of the matrix resin as a consequent of temperature rise in the 
sliding interface (Nasir et al., 2012). On the other hand, when keeping sliding velocity 
constant, coefficient of friction reduced significantly as applied normal load varies from 
low to moderate and high value. It should be pointed out that the both moderate and high 

 11



Jurnal Tribologi 1 (2014) 1-17 
 

applied normal load have comparable friction coefficient, it can be interpreted as the 
sliding process is predominated by the characteristic of debris layer.  
 Experimental results indicated that values of friction coefficient of UGPK are within 
a range of 2.76 to 4.54 at the given test parameters. It is considerably high in comparison 
with results reported on glass fibers and kenaf fiber reinforced composites by other 
researchers (Nasir et al., 2012; Qatu & Sullivan, 2010). It can be expected due to hybrid 
composite consists of more reinforcement fibers compared to single fiber reinforced 
composite, hence more types of pulverized particle get involved in the wear process 
which in turn causes more severe wear. 
 As illustrated in the Figure 10, there are at least four different types of particle from 
the deformed composite and metallic sliding disc took part in the sliding process. As 
these particles were caught and remained in between the sliding surface along the sliding 
process, so, from macroscopic viewpoint, abrasive and adhesive wear might also occur 
among the particles when they slid over each other. As a conclusion, combined effect of 
complex interaction between these particles and high sliding velocity could possibly be 
primary reason of low friction performance. 
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Figure 8 Coefficient of friction versus sliding velocity for different applied normal loads 
of UGPK 
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(a) (b)

(c) (d)

 
Figure 9 Distribution of (a)pure glass fibre in pultuded form (b) glass fibre and kenaf 
separation region in composites (c) unidirectional distribution of kenaf and glass fibre 
before abrasion (d) UGPK at glass fibers region tested at applied normal load of 9.82N 
and sliding velocity of 2.749m/s 
 
 The fabrication of PSRP in this research was based on a simple processing method 
and similar to the compounding method proposed by (Moigne & Oever, 2011). The 
difference lies in the melting process, where in this research, the polypropylene pellets 
were mixed together with the cockle shell powder first before it was melted while the 
method proposed by (Moigne & Oever, 2011) was by compounding, which was to mixed 
the fiber with polypropylene pellets and at the same time melting it. Another difference 
on the material processing method was that the processing method used in this research 
allows a load to be placed onto the container to make the melting specimen more 
compact. The pressure applied during the melting process was to reduce the porosity of 
the composite prepared. 
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Figure 10 Illustration of wear process 

 
 The reason for high porosity of the composite produced could be due to the pressure 
applied by the load is not enough to push the air trap in between the pellets to be removed 
between the small gap of the container. A 10 N load that is applied onto the composite 
with surface area of 0.0441 m2 will only generate pressure up to approximately 227 Pa 
only. This is due to technical constraint, hence; to generate constant pressure up to 105 
MPa as proposed by (Nicollier & Laban, 2001) was not done. It can also be observed in 
Figure 6 (a) previously, there are gaps in between the fiber and the cured polymer. This 
gap which is approximately 750µm is due to the air trap during the composite preparation 
process or due to the absence of binder. The absence of binder in the composite 
preparation process means that fiber added into the polymer matrix depends solely on the 
compaction of the matrix to hold onto the fiber. Since the conventional composite 
preparation method is not able to release the air trap, the fabricated PSRP composite 
would have a weaker point between the gap of the PSRP and the matrix. This could affect 
the properties of the PSRP composite since binder is not used while fabricating this 
composite. Again, in Figure 6 (b), the composites de-bonding were observed. The wear 
rate of each composite based on the parameters of the wear test being 200 rpm of rotating 
disc and 1 kg of load applied as shown on Table 1. 
 In Figure 11 (a) which shows the frictional force of PSRP composite under dried 
abraded environment, it can be observed that there is a variation of high and low 
frictional force applied to the paddy straws composite. However, it can be observed as 
well that there are primarily two groups of frictional force based on the research data in 
Figure 11(a). The first group being the value of the frictional force lies between 17N to 
20N while the other group’s frictional force lies in between 5N to 10N. This is because at 
a certain point of the wear test, fibre is not in contact, hence, reducing the frictional 
forces. If there is a layer of thin film or present of debris which exist permanently 
between the specimen and rotating disc, the frictional force will portray a negative value 
as shown in Figure 11 (b).  
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Figure 11 (a) Frictional force of PSRP composite during the wear test under dried 
environment (b) Negative frictional force value in the wear test results 
 
 The rotating disc is made of steel and the coefficient of friction (COF) of the 
specimen depends on the surface of contact between the specimen and the disc. Pure 
polypropylene has the highest coefficient of friction with its COF being 0.60 followed by 
paddy composite with COF being 0.54. The value of COF is the average value of the 
wear test of parameter 200 rpm disc speed, 1 kg load applied and 50 mm sliding distance 
under 30 minutes of wear test. However, the value of COF for each specimen is almost 
similar which is approximately around 0.5. This clearly shows that with the addition of 
paddy straw and powder shell into a polypropylene matrix has no significant effect on 
COF. 
 
 
CONCLUSIONS 
 
Polypropylene has the highest wear rate with 40.13 mgs-1 (1.204 × 10-7 mm3/Nm) 
followed by PSRP composite with 26.93 mgs-1(8.08 × 10-8 mm3/Nm), pultruded glass-
fibre with 15.6 mgs-1 (6.14x10-8 mm3/Nm) and unidirectional glass-pultruded-kenaf at 
13.5 mgs-1 (4.02 × 10-8 mm3/Nm). This shows that with the addition of bio-fiber or bio-
shell, it reduces the wear rate of the polymer itself by at least two folds. The presence of 
lubricant in the research shows a reduction of the amount frictional forces needed to 
conduct the wear test. However, the reduction of the frictional forces until negative 
shows that there exist a layer of liquid in between the testing specimen and the rotating 
disc. The coefficient of friction (COF) for unidirectional glass-pultruded kenaf and 
pultruded glass-fibre has highest COF at range of 3-4.5 followed by polypropylene and 
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paddy straws composite with COF being 0.6 and 0.54 respectively. This shows that more 
force is needed to remove the material from kenaf-glass composites continuously than to 
push the paddy-polypropylene composite to slide when in contact with another surface 
due to 3-body abrasive in wear process and hard bonding between Pultruded process in 
kenaf compared to hot compression technique for paddy straws. 
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