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The non-renewability and and non-biodegradability of petroleum-based lubricants as 
well as the environmental impacts their waste contributes to the environment has 
caused the search for a substitute for precursor of lubricant formulation. The food 
security issue has caused major concerns on how vegetable oil could replace 
petroleum-based product lubricants. This paper reports the feasibility studies of 
kinematic viscosity, friction and wear properties of treated used cooking palm oil as 
precursor for development of new bio-lubricant. The treated used cooking palm oil 
displayed a comparable value of kinematic viscosity of 43.6cSt, coefficient of friction 
of 0.126 and 122µm which is almost similar to the value of fresh cooking palm oil. 
Treated used cooking palm oil is seen to be a suitable candidate for precursor of bio-
lubricant formulation, However, some additives may need to be added as to increase 
the tribological properties for treated used cooking oil to be used as a bio-lubricant. 
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1. Introduction 
 

To date, there has been an increasing awareness in the environmental effect caused by use of 
petroleum-based products [1]. Mahipal et al., declared that petroleum based lubricant may 
contribute to environmental pollution when disposal is done in an improper way [2]. The toxicity that 
it imposes as well as being a non-biodegradable element has put petroleum-based lubricant in the 
limelight for a substitution. It is reported that petroleum-based lubricant contaminates the 
environment through spills and leakages causing water and soil pollution [3]. In addition to that, most 
of the lubricants developed throughout the years are based on petroleum products which are non-
renewable materials [1]. Being a product of petroleum distillate, commercially available lubricant is 
susceptible to depletion as it is produced from a non-renewable resource [4]. While addressing the 
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environmental and depletion issues of non-renewable materials, vegetable oil is seen to be a suitable 
candidate to replace petroleum-based products as lubricant precursor.  

The studies for development of new biodegradable and renewable lubricant using vegetable oil 
has been in the limelight as vegetable oils are renewable, biodegradable and imposes less impact 
towards the environment. Apart from that, vegetable oil displayed superior properties of lubricity, 
high viscosity index, high thermal stability and higher flash point compared to petroleum-based 
lubricant [1]. Vegetable oil also exhibits a high solubilizing power for polar additives molecules [5]. 
This will ensure higher solubility of polar additive molecules added into vegetable-based lubricants. 
Many researchers have added different type of additives into different type of vegetable oil as to 
formulate a new bio-lubricant. Mahipal et al., added Zinc Dialkyldithiophosphate into karanja oil as a 
new bio-lubricant [2]. Liu et al., added ethanol into castor oil[6] while Shafi and Charoo added Zinc 
Dialkyldithiophosphate into hazelnut oil to formulate a new bio-lubricant [7]. The success achieved 
by these researchers showed that vegetable oil is indeed a very competitive candidate to replace 
petroleum-based lubricant. 

However, there has been many concerns on the availability of food source as most vegetable oil 
are needed as food supply. The shortages of food and food security issues has now been the biggest 
obstacle for bio-lubricant formulation which utilizes food-based oil as primary precursor. It was 
reported by Mohd Yusof et al., in their studies that food shortages caused a food crisis in 2007 and 
2008 when the world has failed to manage the source of food [8]. As such, to prevent such crisis from 
happening they propose an option of utilising non-food based oil. Malaysia is known to be one of the 
major producers of palm oil in the world. On top of that, Kabir et al., stated that in their studies that 
apart from being a major palm oil producer, Malaysia also uses a large number of palm oil for frying 
where it accumulates to yield up to 50,000 tons of waste cooking oil annually [9]. This may be one of 
the solutions where used cooking oil may be utilized as a primary precursor for bio-lubricant 
formulation. However, the impurities produced as byproducts during frying process shall be removed 
prior to be used as a precursor for bio-lubricant formulation [10, 11]. Free fatty acids and excess free 
water content in the used cooking palm oil shall be removed as it may contribute to the oxidation of 
oil [12]. This paper examines the kinematic viscosity, friction and wear properties of treated used 
cooking palm oil in determining feasibility of making it as a precursor for a development of bio-
lubricant. 
 
2. Methodology  
2.1 Preparation of Samples 
 

Used cooking palm oil were collected from local food chain restaurants. Solid particles were 
removed and no prior treatment were conducted upon used cooking palm oil samples. For treated 
used cooking palm oil, the collected oil was neutralized using 2ml of 18wt% Sodium Hydroxide 
(NaOH) solution. Upon addition of NaOH into the waste cooking oil, the mixture was heated at 60℃ 
for 30 minutes. The prepared samples were centrifuged at a speed of 1200 rpm for 10 minutes and 
then filtered for soap and solid particles removal. To remove water which will be formed through 
saponification process, physical dehydration using Zeolite 4A were conducted. This is to ensure total 
removal of water from the treated cooking oil. Fresh cooking palm oil and SAE40 mineral lubricant 
oil were purchased from a local supplier without any further treatment. 
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2.2 Determination of Kinematic Viscosity 
 

Kinematic viscosity at 40℃ were investigated using a portable handheld Parker Kittiwake Heated 
Viscometer FGK1200PA to examine the resistance of fluid to flow. 
 
2.3 Friction and Wear 
 

The coefficient of friction of the prepared samples were investigated using a DUCOM K93190-M-
CE Four Ball Tester in accordance to ASTM D4172. Four 12.7mm diameter steel balls of HRC63 were 
used to evaluate the anti-friction properties added into the bio-lubricants. A load of 392N were 
applied and the steel ball was rotated at a speed of 1200rpm for 60 minutes. The temperature is 
maintained at 75°C. 

Investigation of wear scar diameter was done using Axio Lab A1 upright light microscope. The 
scar on the steel ball is magnified at 50x. The digital image of wear scar of the samples was captured 
by camera and shown in the screen. 
       
3. Results  
3.1 Kinematic Viscosity 
 

Kinematic viscosity of various samples was investigated at 40℃ to determine the feasibility of 
different type of oil being a precursor for a bio-lubricant formulation. The data collected were 
tabulated and depicted in Figure 1. From the data used cooking palm oil showed a kinematic viscosity 
of 45.13cSt while the fresh cooking palm oil displayed a kinematic viscosity of 43.5cSt. The difference 
of kinematic viscosity between used and fresh oil is affected by the presence of free fatty acid and 
free water content from frying processes [11, 12]. This may increase in the kinematic viscosity of the 
used cooking oil. After being treated with Sodium Hydroxide the kinematic viscosity of treated used 
cooking oil was seen to be 43.6cSt. This value is close to the kinematic viscosity of fresh cooking palm 
oil. This could explain that the treatment process has successfully bring the kinematic viscosity of 
used cooking palm oil to equal the value of fresh cooking palm oil. The kinematic viscosity of SAE40 
mineral oil however is far superior at 105.1cSt. This is because the precursor for production of an 
SAE40 mineral oil lubricant is a long chain petroleum product comparing to short chain palm oil [13]. 
The commercially available lubricants are usually made of long chain hydrocarbons which usually 
consist of 30 to 40 Carbon atoms in a molecule compared to 16 Carbon atoms in palmitic acid which 
builds the foundation of palm oil. The difference in Carbon atom number per molecule causes the 
kinematic viscosity between cooking palm oil and SAE40 mineral based lubricant [14]. As such 
different type of application may be employed for this different type of lubricant formulated using 
treated used cooking palm oil as primary precursor. 
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Fig.1. Kinematic viscosity at 40℃ of untreated used cooking palm oil, treated 
used cooking palm oil, fresh cooking palm oil and SAE40 mineral oil 

 
3.2 Friction and Wear 

 
The coefficient of friction observed during the four ball test were recorded as in Figure 2. From 

the test, it can be seen that fresh cooking palm oil exhibited a coefficient of friction of 0.125. 
Comparing to SAE40 mineral oil lubricant, this coefficient of friction is relatively high. This is due to 
the fact that fresh cooking palm oil was not equipped with any lubrication additive such as anti-
friction, anti-oxidation or anti-wear agent to reduce the value of coefficient of friction. This is 
extensively studied by prior researchers namely Mahipal et al., [2], Shafi and Charoo [7], Azhari et al., 
[15], and Farhanah et al., [16], The untreated used cooking palm oil on the other hand exhibited a 
coefficient of friction of 0.151. This is relatively a very high coefficient of friction as it is mainly 
contributed by the free water content in the used cooking oil. The high content of free fatty acids in 
the untreated used cooking palm oil caused the untreated used cooking oil to be prone to premature 
oxidation. According to Azhari et al., the presence of acids in vegetable oil may trigger the initiation 
process of oxidation [17]. With the increase of free fatty acid concentration in the untreated used 
cooking oil, the oxidation of vegetable oil is accelerated and this resulting in the increase of viscosity 
due to oxidation process. This may cause the coefficient of friction exhibited by untreated used 
cooking oil to be high.  

Upon treatment of the used cooking palm oil, the coefficient of friction was reduced to 0.126. 
This coefficient of friction value is close to the coefficient of friction exhibited by fresh cooking palm 
oil which is 0.125. It can be deduced that the treatment process has successfully removed the 
impurities that affected the high friction of untreated used cooking oil. The removal of free fatty acid 
through saponification process and removal of water through physical separation has clearly reduced 
the possibility of premature oxidation in the treated used cooking oil. This coefficient of friction 
however is still far from the ones displayed by SAE40 mineral based lubricant. In a typical commercial 
mineral based SAE40 lubricant, several additives were added to increase the tribological properties 
of lubricity. Zinc, Sulfur and Molybdenum are commonly added into mineral based oil to increase 
their anti-friction and friction modification properties [4, 18, 19]. This is the main reason why the 
coefficient of friction of SAE40 mineral base lubricant is much lower compared to treated used 
cooking palm oil and fresh cooking palm oil.   
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Fig. 2. Coeficient of friction for untreated used cooking palm oil, treated used 
cooking palm oil, fresh cooking palm oil and SAE40 mineral oil 

 
The wear scar diameter of four ball test were measured to investigate the feasibility of treated 

used cooking palm oil as precursor for biolubricant formulation and displayed as in Figure 3. 
Untreated used cooking palm oil showed a diameter of 185µm while fresh cooking palm oil displayed 
a wear scar diameter of 119µm. Treated used cooking palm oil on the other hand displayed a value 
of 126µm. The high value of wear scar diameter for untreated used cooking palm oil is mainly caused 
by the impurities produced during frying processes [11, 12]. This may induce the oxidation process 
of untreated used cooking palm oil and resulted in increasing the kinematic viscosity of the oil. This 
will further increase the resistant of flow of the oil as lubricant which resulted in increase of wear 
scar diameter altogether. The treated used cooking palm oil however displayed a wear scar diameter 
value that is again to proximate the value of fresh cooking palm oil. This is another evidence that the 
treatment process has removed the unnecessary impurities produced during frying process. The 
treatment has been a success resulting the wear scar diameter of treated used cooking palm oil to 
be close to the value of wear scar diameter of fresh cooking palm oil.  

Commercially available SAE40 mineral based lubricant is usually added with additives to improve 
their tribological properties. In order to increase the wear performance, zinc and phosphorous were 
always added as to act as a protective sacrificial layer to reduce wear of contacting surfaces [20]–
[22]. In fact, many bio-lubricant formulated by previous researchers incorporated organo zinc and 
organo phosphorous compound into various type of vegetable oil as to increase their wear 
performance. Mahipal et al., added zinc into karanja oil [2], Azhari et al., added into canola oil [15] 
while Shafi and Charoo added zinc and phosphorous into hazelnut oil [7]. This is the main reason to 
the lower value of wear scar diameter exhibited by SAE40 mineral based lubricant at 84µm. The 
images of wear scar for each type of oil are depicted as in Figure 4. 
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Fig. 3. Wear scar diameter for untreated used cooking palm oil, treated used 
cooking palm oil, fresh cooking palm oil and SAE40 mineral oil 

  

 

 

 
(a)  (b) 

 

 

 
(c)  (d) 

Fig.4. Images for wear scar diameter for (a)untreated used cooking palm oil (b) treated 
used cooking palm oil (c) fresh cooking palm oil and (d) SAE40 mineral oil 

 
4. Conclusions 
 

Treated used cooking palm oil exhibited a kinematic viscosity, coefficient of friction and wear 
properties similar to values exhibited by fresh cooking palm oil. In can be concluded that treated 
cooking palm oil may be suitable to be a precursor for the development of a new formulation of bio-
lubricant. However, in order for the bio-lubricant to be able to compete with SAE40 mineral based 
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lubricants, several additives may be added as to increase its physico-chemical properties as well as 
the tribological properties of the bio-lubricant utilizing treated used cooking oil as primary precursor. 
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