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Abstract – The effects of ZDDP additive concentrations in refined, bleached and deodorized (RBD) 

palm stearin on the tribological behaviour were tested. Pure RBD palm stearin and additive added with 

concentration of 0%, 1%, 3% and 5% (in weightage) were used in pin-on-disk triboteter (ASTM G99). 

Tests were performed under 3.5 m/s sliding speed and 9.81 N force applied on the pin. Each test was 

run in an hour at room temperature. Friction and wear performance of pure RBD palm stearin and 

ZDDP-added were compared. The results show that the presence of ZDDP additive in RBD palm 

stearin improved both friction and wear performance. ZDDP additive also can effectively act as 

antioxidant agent in RBD palm stearin. Copyright © 2015 Penerbit Akademia Baru - All rights 

reserved. 
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1.0 INTRODUCTION 

Friction and wear are the main factors that can shorten machines and engines life, consequently 
it will give impact on economic. This problem can be overcome with the presence of lubricant 
since the main function of lubricant is to reduce friction and wear between two moving 
surfaces. It was estimated billions of dollars per year could be save if the life of machines and 
engines could be extended since it can reduce their maintenance cost and operation time [1]. In 
2004, approximately 37.4 million tonnes of lubricants were consumed worldwide. Automotive 
lubricants accounts for the largest amount at nearly 53 percent of the total lubricants market, 
followed by industrial lubricants (32%), process oil (10%) and marine oils (5%) [2]. The 
growing of automotive and industrial sectors have resulted in enhanced demand for lubricants. 
The lubricant used are mainly from mineral based lubricant due to its overall performance.  

However, due to environment damage caused by mineral oil, industry start developing 
lubricant from vegetable oil. Vegetable oil are selected due to its environmental friendly, 
biodegradable and non-toxic [3]. Many previous research have been reported for various types 
of vegetable oils like coconut oil [4], Jatropha oil [5], rapeseed oil [6], canola oil [7], safflower 
oil, cottonseed oil, soybean oil, sunflower oil [8] and palm oil [9-13]. Palm oil are becoming 
more attractive in a wide range of application and have a great potential for lubrication. 
Recently, numerous research have been conducted using palm oil as lubricant in various 
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applications, including biodiesel [9], industrial-cutting lubricants [10], metal-forming process 
[11], hydraulic fluids [12] and as a source of lubrication in the biomedical industry [13]. So, 
palm oil was specifically chosen in this present study because of its availability and 
inexpensive. 

Previous findings have displayed the potential for lubricant formulated from vegetable oils in 
a wide range area. However, vegetable oils are limited in oxidative stability and thermal 
stability [14] include cloudiness, precipitation, poor flow ability and solidification at relatively 
high temperatures [15]. These properties can be improved by the addition of suitable additives 
such as sulphur-phosphorus compounds, organo-zinc compounds and aromatic amine 
compounds for improving oxidative stability and polymethacrylates for improving thermal 
stability [16]. Present study have selected zinc dialkyl-dithiophosphate (ZDDP) additive as it 
is already known as good antiwear and antioxidant agents [17]. 

The purpose of this study was to examine the effect of ZDDP additive concentrations on the 
tribological properties of RBD palm stearin. RBD palm stearin formulated with 0%, 1%, 3% 
and 5% (in weight) ZDDP were prepared and evaluated on a pin-on-disk tribotester. The results 
were compared with commercial mineral oil SAE 40. It is concluded that incremental of ZDDP 
additive concentration showed substantial improvement in both coefficient of friction and wear 
scar diameter. 

2.0 METHODOLOGY 

2.1 Materials and Lubricants 

The pin used in this research was made up from pure aluminum A1100 with density of 2.71 
g/cm3. While the disk was from tool steel SKD11 with density of 7.85 g/cm3. In the present 
study, refined, bleached and deodorized (RBD) palm stearin was tested with regard to its 
friction and wear behaviour. The effect of ZDDP additive’s concentrations on its tribological 
behaviour also tested. A well-blended of 1wt%, 3wt% and 5wt% ZDDP in RBD palm stearin 
were achieved using a stirrer with additional heat.  

Table 1: General properties of tested lubricant 

Lubricant RBD Palm Stearin SAE 40 

Specific density (g/cm3) 0.88 0.86 
Dynamic viscosity at 40℃ (mPas) 38.01 114.0 
Dynamic viscosity at 100℃ (mPas) 8.55 17.8 

2.2 Pin-on-disk Tribotester 

A pin-on-disk tribotester was used in this experiment to evaluate the tribological performance 
of the tested lubricants (see Figure 1). The stationary pin was in contact with the disk at a 
constant vertical force while the disk was rotated at a specified speed, creating a sliding contact. 
The test conditions applied in this experiment were shown in Table 1. Wear scar diameter of 
the pins also were measured to calculate the pin volume loss. The pin volume loss was 
calculated as in Equation (1) [8].  
 

V = 
���

��
           (1) 
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where r is radius of pin wear scar (in unit mm) and R is original pin radius (in unit mm) 

Table 2: Experimental conditions 

Parameter Conditions 

Pin A1100, ∅ = 6 mm 
Disk SKD11, ∅ = 160 mm 
Load 9.81 N 
Sliding speed 3.5 m/s 
Temperature Room temperature 

 

 

Figure 1: Pin-on-disk tribotester 

2.3 Surface Analysis 

At the end of the experiment, surface roughness of the pins was measured perpendicular to the 
direction of sliding by a surface profiler. Surface roughness parameter, Ra was used to describe 
the surface features of the wear components. In addition, surface topography of the slider 
profile also were taken to correlate it with Ra value. Metallurgy of the pin’s surface were 
analysed after each test and it was measured using an optical microscope. The pins were 
cleaned by using acetone to ensure there was no excess oil on the pin’s surface. 

3.0 RESULTS AND DISCUSSION 

3.1 Friction and Wear Analysis 

Coefficient of friction and wear scar diameter of SAE 40, RBD palm stearin (PS) and PS+5wt% 
ZDDP determined as per ASTM G99 were as shown in Table 2. RBD palm stearin have higher 
COF and WSD compared with SAE 40. Addition of ZDDP in 5% (in weightage) have 
substantial improvement in both COF and WSD of RBD palm stearin as indicated in Table 2. 
ZDDP additive contains aggressive non-metal (sulphur and phosphorus) that react with 
exposed metallic surfaces creating protective, low-shear-strength surface films that reduce 
friction and wear [18].  
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Friction and wear behaviour of RBD palm stearin with various additive concentrations were 
evaluated using pin-on-disk tribotester. The coefficient of friction (COF) of RBD palm stearin 
with various ZDDP additive concentrations are illustrated in Figure 2. Incremental in ZDDP 
additive concentrations reduced COF where PS+5wt% ZDDP demonstrate as the best friction 
reduction performance. Compared with pure RBD palm stearin, addition of 5wt% in RBD palm 
stearin have reduced more than 75% reduction in COF. At any percentage of ZDDP 
concentration in RBD palm stearin, the COF obtained were lower than pure RBD palm stearin. 
It is concluded that ZDDP additive absorb effectively on the metal surfaces and form a thin 
film. The thin film between the mating surfaces will prevent metal contact hence reduce COF. 

Figure 3 illustrated the antiwear performance of RBD palm stearin with various concentrations 
of ZDDP. Smaller WSD demonstrate the superior wear resistance of the lubricant where WSD 
was measured after each test using an optical microscope. WSD of the pins were effectively 
reduced with the presence of ZDDP additive in the RBD palm stearin; increased in ZDDP 
concentrations reduced WSD significantly. PS+5wt% ZDDP delivered the best antiwear 
performance which more than 50% reduction in WSD was observed when compared with pure 
RBD palm stearin. The amount of the wear on pin also can be expressed in volume loss where 
it was determined based on the measurement of WSD. Volume loss of the pins were calculated 
as in Equation (1) and tabulated in Table 3. As seen in Figure 3 and Table 3, the WSD and pin 
volume loss of ZDDP-added RBD palm stearin were lower than pure RBD palm stearin. Lin 
and So [19] reported that the anti-wear performance of ZDDP results from physisorbed film 
that prevent from metal-to-metal contact at low temperatures. Choi et al. [20], however, 
claimed that the anti-wear capability of anti-wear (AW) additives depended on the shear 
strength of the protective film formed.  

Table 3: Coefficient of friction (COF) and wear scar diameter (WSD) of SAE 40, RBD palm 
stearin (PS) and PS+5wt% ZDDP determined as per ASTM G99 

Lubricants COF WSD (mm) 

PS 0.153 4.05 
SAE 40 0.099 1.08 
PS+5wt%ZDDP 0.036 1.86 

 

 

Figure 2: Effect of ZDDP concentrations on COF 
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Figure 3: Effect of ZDDP concentrations on WSD 

Table 3: Volume loss of the pins of RBD palm stearin with various ZDDP concentrations 

Lubricants PS PS+1% PS+3% PS+5% 
Volume loss (mm3) 4.403 2.841 1.173 0.196 

3.2 Surface Analysis 

Slider profile of the pins and their surface roughness parameter, Ra are shown in Figure 4. As 
can be seen, the pin’s surface becomes smoother as the concentration of ZDDP additive 
increased. This means that the presence of ZDDP additive in RBD palm stearin can effectively 
protect the surface from being rub away during sliding contact occur.  A thin lubricant film 
was formed to protect the surface hence reduced wear and create smooth surface. In addition, 
the roughness of the pin’s surface have a direct relationship with COF. The pins that were run 
in pure RBD palm stearin have the rougher surface as well as high COF. The slider profile 
corroborates the COF, where steeper peak means there are more material removal and more 
abrasive groove on the pin’s surface. 
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Figure 4: Slider profile and surface roughness parameter (Ra) of the tested pins after each 
test; (a) RBD palm stearin (PS), (b) PS + 1wt% ZDDP, (c) PS + 3wt% ZDDP and (d) PS + 

5wt% ZDDP 

Figure 5 shows the morphologies of the wear worn surface assessed using an optical 
microscope. The arrows on the figure show their sliding directions. Generally, abrasive wear 
was the dominant wear mechanism found in Figure 5 since there are some parallel grooves on 
the worn surface. The antiwear performance can be associated with surface roughness and the 
surface morphologies of the pins. From these figure, a deep and abrasive groove is observed in 
the pure RBD palm stearin. These grooves increased both surface roughness and COF. Some 
darker regions also can be seen on the wear surfaces of the pin. The darker region represents 
oxidation occur on the pin surface. Oxygen will oxidized on the metal surface and weakened 
the metal surface [21]. Oxidation occur due to the rapid reactions of unsaturated double bonds 
in the fatty acids and strong intermolecular reactions to form a thin film [22]. Comparing the 
effect of ZDDP additive in Figure 5, it was observed that increase in ZDDP concentration has 
a significant improvement in wear performance in reduction of abrasive wear and oxidation. 

 

Figure 5: Wear worn surface of the tested pins; (a) RBD palm stearin (PS), (b) PS + 1wt% 
ZDDP, (c) PS + 3wt% ZDDP and (d) PS + 5wt% ZDDP 

4.0 CONCLUSSION 

From this experiments, it can be concluded that ZDDP additive can be used as additive in 
RBD palm stearin. In this study, the effect of ZDDP concentrations was investigated using 
pin-on-disk tribotester.  

• It was found that the addition of ZDDP additive into RBD palm stearin resulted in 
reduction of COF and WSD 

• Surface roughness parameter, Ra have a direct correlation with COF; high COF 
generate rougher surfaces 

• Abrasive wear was the dominant wear mechanism occur on the tested pins’ surface; 
pure RBD palm stearin have more parallel groove and a darker region exist on the pin 
surface 

• ZDDP additive in RBD palm stearin effectively act as antiwear and antioxidant agents 
in RBD palm stearin. 
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