
Jurnal Tribologi 3 (2014) 11-29 

 

 
 

Received 25 August 2014; received in revised form 13 Nov 2014; accepted 2 Dec 2014 

To cite this article: Sapawe et al. (2014). Evaluation on the tribological properties of palm olein in different loads 

applied using pin-on-disk tribotester. Jurnal Tribologi 3, pp.11-29. 

 

 

Evaluation on the tribological properties of palm olein in different loads 

applied using pin-on-disk tribotester 

 

N. Sapawea,b,*, S. Syahrullaila, M.I. Izhana 

 
a 

Faculty of Mechanical Engineering, Universiti Teknologi Malaysia, 81310 UTM, 

Johor Bahru, Johor, Malaysia. 
b 

Section of Technical Foundation, Universiti Kuala Lumpur – Malaysian Institute of 

Chemical and Bioengineering Technology (UniKL-MICET), Vendor City, 78000 Alor 

Gajah, Melaka, Malaysia. 
*
Corresponding author: norzahir@unikl.edu.my 

 

HIGHLIGHTS 

 RBD palm olein shows a better friction coefficient compared to hydraulic and paraffinic mineral oil. 

 RBD palm olein shows good results in reducing wear compare to hydraulic and paraffinic oil. 

 

ABSTRACT 

 

The vegetable oil based lubricant as lubricant in various applications were intensified and eyed by the industry due to 

its superior tribological properties, and has potential to replace petroleum based lubricants. Palm olein could be suitable 

and attractive candidate as the lubricant to be studied due to its good advantages and large production in country. Thus, 

in the study the behavior of RBD palm olein characteristic was investigated by pin on disk experiment in which the 

hemispherical pin was loaded against the rotating grooved disk. The experiments by sliding were performed in pin on 

disk tester using titanium as material for both hemispherical pin and grooved disk. The test was implemented by 

dropping 5 ml of RBD palm olein as lubricating oil on sliding surface at different loads applied which were 5N, 20N, 

40N and 80N. The wear rate of the pin and friction coefficient was also investigated. The weight loss and surface 

roughness before and after experiment were analyzed. All the results obtained were compared to hydraulic oil and 

paraffinic mineral oil. From the analysis, friction coefficient acquired lubricated with RBD palm olein was the lowest 

for both conditions. Wear rate obtained for three lubricants increased from 5N to 20N load, then decreased after 40N 

load and increased again after 80N load exerted. Wear obtained lubricated with hydraulic oil shows the lowest value 

compared to paraffinic mineral oil and RBD palm olein. 
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1.0 INTRODUCTION 

 

As the engines and machines constantly running and operating condition 

become more severe, more problems is faced on the mating components due to damage 

caused by wear and friction mostly. The most crucial issues are to minimize the 

amount of wear and friction being produced in an operation if any mechanical 

systems because wear and friction are the main factor that could lead to mechanical 

system failure. From the various study, it is widely accepted that wear and friction 

primarily changes with load (Syahrullail et al., 2014), speed (Chowdhury et al., 

2011), temperature (Al-Araji and Sarhan, 2011), surface roughness (Hisakado et al., 

2000), type of material or mating component (Bressan et al., 2008) and 

environmental. The study in understanding the wear mechanism such as different 

parameters played a very important role in identifying new findings and solutions to 

these particular problems. With the presence of lubricants (Fervel at el., 2003; 

Hamrock, 1994) in machines and engines mostly, the economic implication of wear 

in industry could be overcome. In fact, according to recent estimate, billions of dollars 

per year could be save if the life of components could be increased due to its outstanding 

characteristic and capability in reducing and controlling wear and friction, exceptional 

reduce maintenance cost and operation time. 

The conventional petroleum based lubricant has been widely used in mostly 

mechanical industry. The lubricants had caused the ecological pollution due to its some 

degree of toxicity and generally high flammability (Husnawan et al., 2007). From the 

study and analysis being conducted, it was observed nearly 12 million ton of lubricant 

waste dispose to environment (Delgado et al., 2010). Due to awareness of environmental 

and health issues, there were several steps had been taken by the government a n d  

industry to reduce the consumption of petroleum based lubricants. Efforts have been 

made due to the severe pollution causes the greenhouse effect and climate change to the 

earth. The decision of using vegetable oils as alternative such as soybean oil, coconut oil 

and sunflower oil accelerates the improvement of our ecological system. Biodegradable 

and have excellent lubricity make the vegetable oils distinct from the other lubricants. 

These promising properties have triggered research on enlightening vegetable oils for 

wider technical applications specifically on machines and engines. Nevertheless, many 

researches are now being conducted and discussed basically on reduction on wear and 

friction (Kalin and Vizintin, 2006; Alla and Richard, 2004). 

One of the remarkable vegetable oils observed by industry and currently become 

main candidate chosen to act as lubricant specifically in engines and machines is palm 

oil. The palm oils, for instance, is the vision of industry because Malaysia is one of the 

countries recognized as the largest producer in the world (Boey et al., 2011). There is lot 

of space for improvement and research for palm oil industry as palm oil production 

placed at second after soya bean production in vegetable oil production in the world 



Jurnal Tribologi 3 (2014) 11-29 

 

 

 

 

13 

(Kalin and Vizintin, 2006). Palm Oil Research Institute of Malaysia has productively 

produced palm oil methyl ester from crude palm oil by using transesterification method 

with an alcohol in the presence of catalyst (Maleque et al., 2000). A lot of industrial 

companies nowadays have already eyed this alternative solution to apply in fuels for 

diesel engine (Ndayishimiye and Tazerout, 2011), hydraulic fluid (Rahim and Sasahara, 

2011) and lubricants (Nik et al., 2002) in engines and machines. Palm oil is mainly 

composed of unsaturated fatty acid, triglycerides, and non-glycerides substance. The high 

amount of unsaturated fatty acids consists in palm oil will create high strength of 

lubricant film and acting as boundary lubricant that will interact directly with contacted 

surfaces subsequently reduce the friction and wear resulted (Lawal et al., 2012; Rahim 

and Sasahara, 2011; Borden and Tabor, 2001; Masjuki et al., 1999). 

The experiment was conducted to study the wear and friction using conventional 

pin on disk. The main material used for this experiment is titanium for both disk and 

hemispherical pin or radius-end pin. The main titanium selected criteria for hemispherical 

part submitted to wear is usually based on its high strength to weight ratio at elevated 

temperature. Besides this criterion, the corrosion resistance is very vital for titanium 

selection factor due to the condition during experiment is influenced by temperature and 

humidity (Ezugwu et al., 2003). Titanium is widely used in several industrial applications 

such as aircraft engines, biomedical parts, automotive industry and petroleum industry 

(Wang et al., 2005). The present author’s research is using refined, bleached and 

deodorized (RBD) palm olein and studying the lubricity of RBD palm olein using pin on 

disk tester. The objective of the research is to study the wear and friction characteristic 

using three different lubricants which are RBD palm olein, free additive paraffinic 

mineral oil and hydraulic oil. 

 

2.0 EXPERIMENTAL 

 

2.1 Materials  

 

A conventional of pin on disk for friction and wear apparatus was used. The test 

hemispherical pin and disk were made of titanium. The pin specification used in this 

experiment is 8 mm in diameter and 30 mm in length. The density of titanium is 4.54 

g/cm
3
. A schematic diagram of pin on disk assembly is shown in Fig. 1. For achieving the 

best result, the sandpaper with the grain size of the abrasive material of 1000 µm was 

used to scrub the disk each time after the completion of experiments to ensure there were 

no particles or debris trapped between the disc and the pin. The surfaces textures of pin 

and disk were measured using surface profiler to ensure the surface finished is between 

fixed specifications so that does not influence the result of the experiment. New pins will 

be used for each run and cleaned with acetone. 
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Figure 1: Pin on disk experimental arrangement 

 

2.2 Apparatus 

 

In the present investigation, pin on disk had been used to study both wear and 

coefficient of friction. A pin was held firmly against a rotating disk connected to a certain 

dead weight with a beam and two pulleys. Lubricating oil was placed on the surface of 

grooved disk. The wear track was adjusted by loosening the sliding plate at 70 mm and 

fixed during the experiment conducted. 

Different from standard procedure, modified grooved disk was used. The ultimate 

purpose for this new arrangement is to understanding the alterations of wear and fiction 

within the specified period if the same amount of lubricant is placed on the surface 

between on pin disk. The lubricant is placed between the surfaces by drop it manually on 

modified disk which is design to have groove with 10 mm width and 5 mm depth to avoid 

the lubricant splashed out during the rotation of the disk when high speed is applied. 

 

2.3 Procedures 

 

In these studies, the load exerted to the pin is anticipated to influence the 

friction and wear characteristic of lubricating oils. During the friction and wear test, 

different loads were applied which were 5N, 20N, 40 N and 80N for all lubricants tested. 

The experiments were implemented for 60 min at room temperature 24± 2 °C. A 

constant speed of 0.5 m/s was applied along the experiment. The pins were firstly 

weighed using an electronic balance with an accuracy of 0.1 mg. Each pin was 

measured three times to obtain an average value and reduce the impact of possible 

measurement errors in the calculation. 

A hemispherical pin was clamped against the rotating disk and 5 ml lubricants 

were dropped between the surfaces. Both the surface of the hemispherical pins and disk 

were made parallel to ensure their maximum contact. After 1 h of rotation, both surface 

roughness of pin and disk were measured using surface roughness profiler. Before that, 

the surfaces were cleaned using acetone to make sure there are no particles trapped on the 

surfaces that could influence the measurement.  Five tests were carried out for each 
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parameter and condition. The surfaces of the pin then observed using high power 

microscope to analysis more details on worn surface characteristic. 

 

2.4 Friction Evaluation 

 

Load cell is used to measure the frictional force obtained between pin and 

rotating disk. Load cell is a strain gauge load cell which is attached to the side of the pin 

holding lever arm and the electrical output from wheat Stone Bridge is proportional to 

the load acting column. The values then were shown in the digital display. The 

coefficient of friction was calculated simply by dividing the frictional force value with 

corresponding axial load on the based on the formula below (Windata et al., 2011): 

 

NN

pp

dF

dF
  (1) 

 

Where, µ is coefficient of friction, FP is rate of angular friction force, FN is applied 

normal load, dp is the distance between center to the pin and dN is between center to 

normal force. Coefficient of friction would show major roles in the determination of 

transmission efficiencies through moving mating components. 

 

2.5 Wear and Weight Loss Evaluation 

 

LVDT sensor which was linked to a display monitor measure the wear rate of 

the pin. The plunger sensor plays an important role in measuring the wear. It will go 

up as the load is applied and measure the wear by LVDT. Weight losses for the 

hemispherical pin were recorded before and after experiment. Wear rate was calculated 

based on pin weight loss obtained during experiment according to Eq. 2. Wear rate 

and specific wear rate relating to cumulative loss volume per unit sliding (Bressan et al., 

2008). 

 

 
S

V
mmmQ


/3

 (2) 

 

Where Q is wear rate, V is volume loss, and S is sliding distance. 

 

2.6 Surface Profile 

 

Surface roughness is one of the parameter that should be emphasized so that the 

experiment running efficiently due to its factor that could influence wears and friction. 

Before and after the experiment, the surface roughness of pin and disk was measured 
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using surfaces roughness profiler. It contains stylus which plays a vital role in 

evaluating the pattern of the surfaces.  Before each experiment, the surfaces of the disk   

were unidirectionally ground using abrasive paper to a surface finish of arithmetic 

roughness value, Ra, of about 0.4±0.1µm. The Ra value once again measured and 

recorded after experiment for further analysis. 

 

2.7 Lubricants 

 

Lubricant used for this experiment is refined, bleached and deodorized (RBD) 

palm olein and it lubricity performance was compared mutually with free paraffinic 

mineral oil and hydraulic oil. The amount of lubricant used in this experiment 

approximately 5 ml. The density and viscosity of RBD palm olein, free paraffinic 

mineral oil and hydraulic oil were measured using viscometer at different level 

temperature from 40°C to 100°C. 

 

3.0 RESULTS  

 

3.1 Kinematic Viscosity 

 

Before experiment was conducted, density and kinematic viscosity of three 

lubricants which were RBD palm olein, hydraulic oil and paraffinic mineral oil had been 

measured in order to analyze the effect of temperature on kinematic viscosity of 

lubricating oil. Density of lubricant is defined as its mass per unit volume. The 

kinematic viscosity is defined as the fluid resistance to shear or flow and is an amount 

frictional fluid property. The fluidity of viscosity is changed at different level of 

temperature. So, ISO 8217 was selected as reference for the experiment and the 

reference temperature for a residual fluid is 100°C while for a distillate fluid the 

reference temperature is 40°C. 

A laboratory experiment was carried out by following standard procedure to 

measure density of lubricant while a viscometer was used to measure kinematic viscosity 

of lubricants. A rotor was immersed into lubricants and rotated for 99 seconds and the 

reading was recorded. From the result, it showed that the fluidity of three types of 

lubricant was decreases as the temperature increased. The fluidity of lubricants decreased 

resulted in of the decreased of intermolecular force within lubricants. The additional 

vibrations between atoms breakdown the intermolecular and adhesion forces between 

molecules. The density and kinematic viscosity of RBD palm olein, paraffinic mineral oil 

and hydraulic oil shown in Table 1. 
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Table 1: Properties of palm oil, hydraulic oil and paraffinic mineral oil 

Type of oil 
RBD palm 

olein (PO) 

Hydraulic 

oil (HO) 

Paraffinic 

mineral oil 

(PF) 

Test method 

Density,  at 

25oC (kg/m3) 
0.873 0.872 0.860 

ASTM D1298-

85(90) 

Kinematic 

viscosity, v at 

40oC (mPas) 

39.9 37.2 
 

37.2 
ASTM D445-94 

Kinematic 

viscosity, v at 

100oC (mPas) 

5.3 7.1 7.1 ASTM D445-94 

 

3.2 Effect of Applied Load on Friction Coefficient 

 

The experimental antifriction results for the titanium were obtained by 

implemented the wear testing in the pin on disk tester for a selected different load 

exerted to the pin at constant speed for 60 min. From the experiment, frictional force 

was obtained and collected. Using Eq. 1, the frictional forces then were converted to 

coefficient of friction. The curves were illustrated and exhibited for both conditions in 

Figs. 2 and 3. Fig. 2 shows the curves of different loads applied on friction 

coefficient of hemispherical pin lubricated with RBD palm olein, hydraulic oil and 

paraffinic mineral oil. The data of average coefficient of friction were collected and it is 

observed that they were all decreased as the load applied increased for all three types of 

lubricant. 

 

 
Figure 2: Graph of Coefficient of friction versus various load applied for palm oil, 

hydraulic oil and paraffinic mineral oil 
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Although all the experiment had been conducted at same time and most 

conditions, the coefficient of friction obtained lubricated with RBD palm olein shows a 

consistent low result for every single applied load. The coefficient friction obtained 

lubricated with palm oil give the highest value at low load applied, 5N which is 0.62 after 

experiment. The coefficient keeps decreasing to 0.47 at 20N load applied then to 0.42 

after 40N load, and decreased to 0.40 at 80N loads at the completion of experiment. 

While for hydraulic oil and paraffinic mineral oil, the friction coefficient 

approximately similar at all loads condition. The friction coefficient obtained using 

paraffinic mineral oil only slightly lower than hydraulic oil at 20N applied loads which 

were 0.51 and 0.53 respectively. 

At load applied 5N, 40N and 80N, the friction coefficient lubricated with both 

hydraulic oil and paraffinic mineral oil are 0.79, 0.50 and 0.46. The low coefficient of 

friction obtained is mainly influenced by lubricating oil which is protecting the surface of 

mating components. The stability of coefficient of friction of palm olein proved that palm 

olein has the ability to stabilize and lessen coefficient of friction by forming a lubricating 

film which can be easily sheared. The excellent lubricant characteristic of fiction 

coefficient for hemispherical pin condition is at high load specifically for RBD palm 

olein. 

 

3.3 Effect of Applied Load on Wear 

 

Wear measurement were implemented using a linearly variable differential 

transformer (LVDT). Wear rate and specific wear rate were calculated from the weight 

loss recorded after experiment. The curves were illustrated and exhibited for all 

conditions in Fig. 3. 

 

 
Figure 3: Graph of wear resistance versus various load applied for palm oil, hydraulic oil 

and paraffinic mineral oil 
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It was observed that for all three lubricants applied at the interface, there were a 

similar pattern of curves plotted after the completion of all loads condition. The wear 

dominated by the pin is increasing from 5N to 20N load applied, then decreased after 

40N load exerted and ultimately increased fairly as load is increased to 80N. From the 

figure, the wear acquired lubricated with RBD palm olein shows the highest. The highest 

wear diameter recorded is around 240 µm after 20N and 80N loads were applied. At 5N 

and 40N load, the wear obtained lubricated with RBD palm olein and paraffinic mineral 

oil approximately same around 120N. Hydraulic oil shows an excellent lubricant 

characteristic due to its ability reduce the wear dominated by the pin. 

 

3.4 Effect of Applied Load on Weight Loss of the Pin 

 

In all experiment that has been conducted, all the parameter during the subsequent 

study of friction and wear were fixed except load exerted to the pin and lubricating 

oils. The observed increment in wear of the pin at different load was confirmed by the 

observation of weight loss of the hemispherical pin against sliding titanium disk as shown 

in Table 2. The pattern of the graph of weight loss was plotted in Fig. 4 in order to 

observe the comparison between wear acquired directly from the experiment analysis 

using LVDT sensor and manual calculation based on previous study using weight loss as 

main parameter. Weight loss is very essential in validating the approximately value 

of the wear. Wear rate and specific wear rate are manually calculated according to Eq. 2, 

and as presented in the Table 2. 

 

Table 1: Weight loss, wear rate and specific wear rate of palm oil, hydraulic oil and 

paraffinic mineral oil at various loads 

Loads (N) Type of oil 
Weight loss (g) x 

10-4 

Weight rate 

(mm3/m) x 10-5 

5 

Palm oil (PO) 15 18.4 

Hydraulic oil (HO) 3 3.70 

Paraffinic mineral oil (PF) 9 11.0 

20 

Palm oil (PO) 0.0027 33.0 

Hydraulic oil (HO) 0.0008 9.80 

Paraffinic mineral oil (PF) 0.0027 33.0 

40 

Palm oil (PO) 0.0019 23.3 

Hydraulic oil (HO) 0.0006 7.34 

Paraffinic mineral oil (PF) 0.0018 22.0 

80 

Palm oil (PO) 0.0026 31.8 

Hydraulic oil (HO) 0.0007 8.60 

Paraffinic mineral oil (PF) 0.0024 29.4 
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From the Fig. 4, the pattern of the curves illustrated almost same for all lubricants 

even there are some huge different between them. The weight loss obtained lubricated 

with RBD palm olein and paraffinic mineral oil approximately the similar pattern and 

value. From 5N to 20N, there were a sudden huge increased up to 0.0027 g. The weight 

loss then decreased to 0.0019 after 40N load before increased again to 0.0024 and 0.0026 

for paraffinic mineral oil and RBD palm oil respectively after the 80N load. The similar 

graphs plotted prove that the affinity of weight loss and wear rate calculated with wear 

dominated by the pin using LVDT sensor. While for weight loss obtained lubricated with 

hydraulic oil show a huge difference with RBD palm olein and paraffinic mineral oil but 

the curves obtained is quite same even the value of weight loss is quite low and the only a 

slight decrement and increment after several load exerted. 

 

 
Figure 4: Graph of height loss of the pin after experiment versus various load applied for 

palm oil, hydraulic oil and paraffinic mineral oil 

 

3.5 Effect of Applied Load on Surface Roughness of the Pin 

 

The worn track after each on the disk was observed carefully using surface 

roughness profiler to ensure that no wear and particles on the disk surface that could 

influence the result. The average values of the arithmetic surface roughness Ra of the 

experimental surface of the pin and disk were measured after each individual test and all 

recorded and as shown in Fig. 5. The surface roughness of pin and disk was measured 

using surfaces roughness profiler. From the figure, arithmetic surface roughness Ra 

obtained lubricated with RBD palm olein shows the lowest value for all normal loads 

applied except for Ra obtained for the disk at 80N load that slightly higher but generally 

RBD palm olein is the best lubricant to protect the surface from damage. 
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Figure 5: Graph of surface roughness, Ra for pin and disk at load (a) 5N (b) 20N (c)   

40N (d) 80N 

 

4.0 DISCUSSION 

 

From the earlier analysis, the coefficient of friction obtained lubricated with 

RBD palm oil shows a better antifriction characteristic producing a low value for all 

loads exerted to the hemispherical pin. The main influence to this low friction 

coefficient is the high proportion of free fatty acids and the presence of polar COOH 

group contained in RBD palm olein (Farooq et al., 2011; Yunus et al., 2004). The 

free fatty acids contain long covalently hydrocarbon chain (Maleque et al., 2000; 

Masjuki et al., 1999). Experiments suggest that the presence of monolayer film or 

molecule layer formation by free fatty acid in RBD palm olein were most promising. The 
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result for the film is particularly significant because such a film as it easily adsorbs to 

metal surface and could minimize the material transfer (Maleque et al., 2000) and 

surfaces of mating component attribute to the fact that the hemispherical pin could 

sliding smoothly against disk with less resistant force over one another. This 

phenomenon could minimize the amount of energy that is converted into heat or noise 

instead motion. 

According to Fig. 2, friction coefficient obtained lubricated with all three tested 

lubricants showing a steady decreased from 5N to 80N load. This can be explained as 

shear rate is proportional hardness and strength of material. As the load exerted is 

increasing, the shear rate produced during sliding is increased. This phenomenon comes 

to the fact that the surface area of contacted surfaces could be degraded and hasten the 

movement of the pin and thus decreased the friction coefficient (Chowdhury et al., 2011). 

This unpredicted result also may be clarified in terms of the temperature of lubricant. 

Load exerted is proportional to the temperature at interface (Savaskan and Azakl, 2008). 

The viscosity of lubricant is inversely proportional to the temperature (Clark et al., 1984). 

It is believed that the phenomenon only in hydrodynamic lubrication. By referring to 

stribeck curve (Tu and Fort, 2004), the coefficient is influenced by the sliding speed, 

normal load exerted and viscosity. As the load is increased, it will increase the 

temperature of the lubricant. The combination of decreased viscosity, increased load and 

constant sliding speed, the loading is fully carry by the asperities in contact area and 

completely separated by thin layer formed as discussed earlier and this will have 

attributed to the decrement of friction coefficient as refer to stribeck curve. 

Wear is the progressive loss material due to interacting surfaces in relative 

motion. Friction and wear are related both are phenomenon of a solid contact between 

moving mating components. But since a friction is caused by somewhat different set of 

mechanism than wear, the result from experiment might be low wear and high friction 

and vice versa. The wear increase as the friction decrease (Figs. 2 and 3). Based on the 

book written by Bowden (Borden and Tabor, 2001) which title the nature of metallic 

wear, this behavior might due to the increased shear strength of the adsorbed oil on the 

surface of the balls and effected chemical attack on the surface by the fatty acid present in 

vegetable oil. The high wear rate obtained after high load is exerted specifically at 20N 

and 40N. It is believed that the wear particles of titanium pin may get locked between 

sliding surface or transferred and embedded to mated disks subsequently gave many 

damages to the pin and led to the adhesive action and promote three body which should 

enhance volume loss in wear (Pradeep et al., 2008; Hisakado et al., 2000). This wear 

debris from pin and disk will trapped at interface and will act as extra layer to aid the 

motion of the pin and disk thus decreased the friction coefficient as the load applied is 

increased (Chowdhury et al., 2011). It also believed that the high temperature generated 

at interface also influence the wear dominated by the pin. 
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The lower viscosity could attribute to reduction of protective film resulting in 

breakdown of boundary lubrication (Bhattacharya et al., 1990; Clark et al., 1984). The 

thin film formed by free fatty acid which acts as barrier to avoid a direct metal to metal 

contact become less stable, become thinner and insufficient and thereby causes increment 

of wear resistance (Maleque et al., 2000; Masjuki et al., 1999). From the study, hydraulic 

shows a good performance in reducing wear. The fact is the hydraulic oil is specifically 

replenished with formula additive so that it becomes good anti-wear, better load-carrying 

performance and high resistance to oxidation. The nature and surface texture of the 

material surface significantly affect the wear and friction coefficient of mating 

component. The main parameter which defines the surface texture which can easily be 

controlled is surface roughness. It was observed that previous study that there were many 

parameters to measure surface texture and the parameter generally used was the average 

values of the arithmetic surface roughness, Ra (Pradeep et al., 2009). 

The very strong influence of surface roughness on wear and friction as well as the 

improvement can be achieved in this aspect are shown in Figs. 2 and 3. The correlation 

between surface roughness and wear and friction could be achieved as well. The graphs 

clearly demonstrate that the wear and friction coefficient are depend on surface roughness 

as well. The low value of Ra lubricated with palm olein is due to the fatty acids of palm 

oil were stuck very well on pin and disk surface and create thin layer to preserve the 

surface therefore resulting in good surface finishing and low wear resistance and friction. 

On the other hand, the high value of arithmetic surface roughness lubricated 

with hydraulic oil but have a smaller value of wear dominated by the pin is believed the 

wear particles or debris from disk is embedded to the pin surfaces thus increase the 

value of Ra and protect the pin from wearing. Fig. 6 shows the micrographs of the 

titanium pin wear surfaces captured using microscope with the magnification of 

100× and 200×, whereas Fig. 7 shows the mean wear scar diameter after 1 h 

testing. As the load applied is increased, the surfaces of the pin become more severe 

as shown in the figures. It consistently shows that the abrasion and adhesion 

dominate the wear pin surfaces and increased considerably as the higher load exerted 

to the pin indicated that the removal of surface material resulting in grooves surfaces of 

the pin. 

As the load increased from 5N to 20N, the wear scar track of the pin surfaces 

observed lubricated with RBD palm olein (PO) show a better smoother surface then wear 

scar track lubricated with hydraulic oil (HO) and paraffinic mineral oil (PF). The abrasion 

mechanism has occurred on the worn surface for all lubricating oils excluding the surface 

lubricated with HO and PF, there were mild adhesive wear observed. The surface 

ploughing generated the groove form on worn surfaces and its configuration is parallel to 

the direction of sliding as shown. The abrasive wear formed on the worn surface possibly 

ploughed by stiff debris or particles from the environment and was squeezed against the 

softer mating component. 
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Figure 6: Images of wear worn surfaces observed using a microscope 
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These ploughing mechanisms occur when the particles or debris embedded 

between the surfaces is greater than the oil film thickness (Windata et al., 2011; 

Bhattacharya et al., 1990). The deeper grooves observed indicated that the collision of a 

slight different asperities of the contacted surfaces and become source of further damage 

of contacting surface. The mild erosive wear also observed on worn surfaces lubricated 

with PO. These minor loss or removal of material could be reflected as a form of abrasive 

wear and the surfaces entrapped with internal particles of ploughed material experienced 

constantly impact during sliding is one of the initial causes. The narrow groove surfaces 

observed lubricated with PO were continuously protected by thin film form or oxide layer 

attributed to less direct contact of mating components. 

 

 
Figure 7: Graph of wear scar diameter 

 

As the load increased to 80N, the findings in figure shows that the worn surfaces 

are dominated by severe adhesive wear mostly at load 80N. This is believed to have 

occurred because of the combination of high loads; pressured and high temperatures 

influence and facilitate the collision of the different variation of hard asperities of the pin 

and disk. During continued sliding between contacted surfaces, the material will have 

transferred across the contact (Rahim and Sasahara, 2011). As the load increased from 

40N to 80N, the increased pressured produced during sliding accelerating the formation 

of an adhesive wear as shown in figure due to the oxide layer could not fully protect the 

surfaces attributed to the shearing of more junctions at interface. As the adhesion forces 

during sliding are high, the shear of the asperities takes place at the weakest point 

resulting in detachment of fragments of pin surfaces and attachment to the disk surface. 

The worn surfaces lubricated with PO and HO show a severe adhesion mostly at 80N 

indicate that the breakdown of lubricant and protective layer will not withstand resulting 

in the metal to metal direct contact. 
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CONCLUSIONS 

 

The investigation on tribological behavior of RBD palm olein was completely 

obtained using pin on disk tester. The result was compared mutually with hydraulic oil 

and paraffinic mineral oil as lubricants. The viscosity of lubricant is inversely 

proportional to lubricant temperature. The friction coefficient obtained lubricated with 

RBD palm olein is better than hydraulic oil and paraffinic mineral oil for after various 

loads were applied. The friction coefficient for all three lubricating oils is decreased as 

applied load is increased. Wear resulted lubricated with RBD palm olein shows a 

better result at when the load 5 N and 40 N, and wear dominated by the pin is increased 

when normal load 20 N and 80 N. The increment and decrement of wear lubricated 

with hydraulic oil and paraffinic mineral oil show a similar pattern. The free 

unsaturated fatty acids play an important role in reducing friction coefficient and wear. 

The hydraulic oil also shows the ability to reduce wear because it is formulated with 

the additives thus increase the anti- wear performance. The arithmetic surface roughness 

of the pin and disk, Ra influence the reduction or increment of friction coefficient and 

wear resulted. The higher load is applied, the higher the increment of arithmetic surface 

roughness. RBD palm olein gives the lowest value of Ra. Finally, the RBD palm olein can 

be used as great lubricant in pin on disk due to no formula additive replenished 

specifically reducing friction coefficient at various applied load. 
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