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ABSTRACT 

 

The purpose of this study is to investigate the tribological 

effect on friction coefficient and wear rate of Palm Kernel 

Activated Carbon-Epoxy (PKAC-E) composite at different 

temperatures. All specimens were prepared by using 

compaction technique. The tribological test was carried out 

by using a pin-on-disc tribometer in dry sliding conditions 

by applying different temperatures at constant sliding speed 

and applied load. The worn surfaces were analyzed from 

the images displayed in Inverted Microscope. The results 

show that both COF and wear rate of the composites is 

increased with temperatures. Some adhesive and abrasive 

wear types were seen on the worn surfaces. 
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1. INTRODUCTION 

 

Self-lubricating components which contains softer second 

phase components are widely used in sliding applications 

nowadays. Currently, published information  available on 

the mechanics of friction and wear of such materials is 

relatively little.  The  formation of self-lubricating materials  

may differ with the friction conditions, the process 

controlled, and also adhesive interactions at the interface 

(Alexeyev & Jahanmir, 1993). Abdollah et al., (2010) 

explained that hydrogen-free amorphous carbon (a-C), 

commonly known as diamond-like carbon (DLC) has its 

excellent properties such as high hardness and thermal 

stability, low friction coefficient and good chemical 

inertness. Liao et al., (2004) reported that the tribological 

properties decreases as the slicing cycles or load increasing 

due to the graphitization of DLC films within the wear 

track. Meanwhile Liu et al., (1996)  presents proof that 

transfer layer contains a fine distribution of graphite nano-

particles that arranged in distorted diamond-like structure. 

The graphitization process that took place probably due to 

thermal and strain effects from the repeated friction. A year 

later, Liu et al., (1997) explained that the transformation of 

graphite-like-carbon from DLC also could be triggered by 

shear stresses that occur at the surface. In 2005, Zhou stated 

that the formation of DLC coatings at the wear tracks was 

highly because of the formation of a compact wear debris 

layer rather than a frictional heating effect. A few 

researcher found out that porous carbon exhibited its 

potential to act as a self-lubricating material when 

reinforced in aluminium alloy can significantly improved 

wear resistance. Gomes et al., (2001) explained that carbon-

carbon composites exhibits almost independent speed for 

COF but it is highly affected by test temperature. Therefore 

this study is proposed to investigate the effect on 

tribological behavior of Palm Kernel Activated Carbon-

Epoxy  (PKAC-E) at different temperatures. 

 

2. METHODOLOGY 

 

Fine powder of PKAC (±1000μm) were mixed with Epoxy 

at ratio of 70 wt.% PKAC and 30 wt.% Epoxy (1:4 - 

Hardener:Resin). The composition were then compacted 

into a die at 80ºC with 2.5MPa applied pressure as shown in 

Figure 1a and b. The schematic diagram of the 

experimental setup are shown in figure 2a and b. The 

specimen were left to be cured for 2 days. The density of 

the specimen were tested using densitometer. Prior to 

tribological testing, the disc were prepared with average 

surface roughness of ±0.13μm and cleaned in an ultrasonic 

bath. The pin were polished against 1000grit SiC paper 

until flat with average surface roughness up to ±0.40μm. 

The tribological test were carried out following the ASTM 

G99-05 standard at different temperature of 27ºC, 60ºC, 

90ºC, 120ºC, and 150ºC. All tests were performed under 

constant speed of 1000rpm, applied load of 49.05N, and 

sliding distance of 2500m. The pin were weighted before 

and after running the test in order to determine the wear 

volume and specific wear rate both were determine using 

Equation 1 and 2. The worn track pattern and direction 

were observed under the inverted microscope. 
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Figure 1a: The  PKAC Composite Specimen  

 

 

Figure 1b:  The Mold Used for Compression 

 

 

Figure 2a:  The Schematic Diagram of Pin and Disc 

 

 

 
Figure 2b: Schematic Diagram of Pin-on-Disc test 

Tribometer 

𝑉𝑙𝑜𝑠𝑠 =
𝑚𝑙𝑜𝑠𝑠

𝜌
 (1) 𝑘 =

𝑉𝑙𝑜𝑠𝑠

𝑊𝐿
 (2) 

 

Where Vloss is the volume loss (mm
3
),  mloss is the mass loss 

(g), and ρ is the bulk density (g/mm
3
). For Equation 5, k is 

the specific wear rate (mm
3
/Nmm), W is the applied load 

(N), and L is the sliding distance (mm). The illustration and 

schematic diagram of the pin-on-disc test were shown in 

Figure 2. 

 

3. RESULTS AND DISCUSSION 

 

Based on the result collected beforehand, the average 

density of the specimen are  1.352 g/mm
3
. Figure 3 shows 

the overall graph of COF versus the function of time. From 

the graph, it can be seen that the COF are ranging between 

0.2 to 0.8. The graph start off with rapid increasing and 

starting to constant after a while for t27 and 60. However, 

the graph seem unstable for t90, 120, and 150. Over all, the 

graph indicates that the COF were highest at 150ºC and 

lowest at 27ºC. Rapid increase at the beginning of the graph 

indicates that there are frictional force occurs between the 

surfaces due to load applied. The graph slope become 

smaller  after a while was believed that the tribofilm had 

been formed slowly and at the time the COF were constant, 

the tribofilm had been formed completely to protect the 

contacted surfaces.  Chua et al., (2014) stated that the 

frictional heating is responsible for the decreasing of 

friction. This was supported by Luo (2013) that tribofilm 

can be generated by various process involves complex 

mechanical, chemical and thermal reaction. The tribofilm 

were generated from the wear of the soft carbon materials 

that adhering on the worn surface which breaks the 

adhesion between the asperities and hence it leads to low 

friction. However, at higher temperature were believed to 

be damaged due to the excessive heat generated. 

Figure 4 shows the graph of COF against tested 

temperature. It can be seen from this graph that the pattern 

indicates that the COF of PKAC-E is highly affected with 

the temperature as the COF were low at 27ºC and highest at 

150ºC. Figure 5 shows the graph of Specific Wear Rate 

against tested temperature. It can be seen that the wear rate 

increases as the temperature increases. This was believed 

that the tribofilm  were damaged at high temperature. This 

was contrary with Rao & Das (2011)  findings, as they 

found that the  heat generates more at further distance had 

created more tribofilm than shorter distance.  

Figure 6 shows the unworn and worn surface of 

composites at 27ºC and 150ºC. It was believed that there 

were some abrasive wear and adhesive wear occur 

alongside the contact surface of the specimen. However, 

higher temperature,  it seems that the surface of the 

composite had become smoother. The wear track seems less 

deep and finer compare to the wear track from lower 

temperature. This was proved that there were a reduction in 

abrasion 
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Figure 6: Image of Unworn and Worn Surface 

Under Inverted Microscope 

 
 

Figure 3: Graph of COF Against Function of Time 

 

 
 

Figure 4: Graph of Coefficient of Fiction  Against 

Temperature 

 

 
 

Figure 5: Graph of Specific Wear Rate Against 

Temperature 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. CONCLUSSION 

 

In summary, there were significant effect on COF and 

specific wear rate of PKAC-E composites at different 

temperatures. 
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