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Abstract. Carbon-based nanoparticles have gained much interest as lubricant additive due to
their remarkable properties in mechanical, chemical and electrical field. In this research,
graphene nanosheets (GN), carbon nanotubes (CNT), and graphene oxide (GO) were used as
lubricant additives to investigate their effect on tribological properties. Friction coefficient and
wear scar diameter were studied as parameters to determine the effectiveness of lubricant. In
this study, vegetable oil (VO) was used as base fluid lubricant. GN, CNT and GO were added
at 50ppm and 100ppm respectively to VO to study their optimum concentration when
compared to pure VO. All nanoparticles were well dispersed by using a homogenizer. Results
showed that addition of 50ppm GN has the most positive effect in improving the tribological
properties of vegetable oil.

1. Introduction
In recent years, nanofluids have attracted more attention due to its wide range of applications. The
main driving force for nanofluids research is cost effective. It is because by adding a relatively small
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quantity of suitable nanoparticles, targeted properties of the base fluid can be improved remarkably.
Specifically for lubricant with nano-additives, numerous researchers reported a reduction of
coefficient of friction [1], increment in load carrying capacity [2] and reduction of wear [3]. Generally,
there are three main differences which distinguish each research on nano-lubricants from one another.
For instance, researchers often vary the type of nanoparticles used as additive, types of base fluid used
as lubricant, and the homogenization mechanisms between nanoparticles with base fluid. In this study,
vegetable oil was selected as lubricant to replace conventional lubricant which generally contains non
environmental friendly compounds such as sulphur, phosphor, and chlorine [4]. Biolubricant
production using vegetable oil is renewable, cheap, biodegradated and no adverse effects on nature
[5].
In this study, graphene nanosheets (GN), carbon nanotubes (CNT), and graphene oxide (GO) were
selected as additive in lubricant due to their outstanding performance in improving nanofluid
properties [6-8]. A high speed homogenizer was chosen as homogenizing mechanism in this study. It
utilized high shear force which promotes mixing between solid and liquid. 50ppm and 100ppm of GN,
CNT and GO were added to vegetable oil (VO) to study the optimum concentration of the additives
for lowest friction coefficient and wear scar diameter. The tribological properties of nanolubricants
were tested using four-ball machine, following ASTM 4172.
2. Materials and Methods
2.1. Materials
GN, CNT, GO nanoparticles and vegetable oil (VO) were purchased from Scomi Sdn. Bhd, a local
company which manufactures high performance chemical product. The properties of VO were shown
in Table 1.
Table 1. Physical properties of VO
Flash Point
205oC
Density
1100 kg/m3
Iodine Value (Wijs)
56.7
Saponification Value
128.0 mg KOH/g
Kinematic viscosity
455.8 mm2/s (25oC)
2.2. Nanofluids preparation
Six nanofluid samples were prepared in this study. GN, CNT and GO were added to VO at 50ppm and
100ppm respectively. Each sample was homogenized using IKA homogenizer for an hour, at 8000
rpm for one hour. IKA T10 basic homogenizer are used as homogenizing apparatus in this study. It
consists of a rotor-stator design with an outerstationary tube and an innerturning rotor which is
connected to a motor. The high shearing force was used to provide an intensive mixing between solid
and liquid phases. The schematic diagram of IKA T10 homogenizer is as shown in Fig. 1.

2

29th Symposium of Malaysian Chemical Engineers (SOMChE) 2016
IOP Publishing
IOP Conf. Series: Materials Science and Engineering
206 (2017) 012043 doi:10.1088/1757-899X/206/1/012043
1234567890

VO + GN/CNT/GO

Figure 1. Schematic set-up of high speed homogenizer.
2.3. Four ball test
Pure VO and six prepared nanofluids were tested under ASTM D4172, Wear Preventive
Characteristics of Lubricating Fluid (Four-Ball Method) using DUCOM fourball tribotester. Three
12.7 mm diameter steel balls were clamped together and covered with the lubricant to be evaluated as
shown in Fig. 2 by following the setup procedure which was discussed by Chiong and his team [9]. By
rotating the top ball against three bottom ball at operating condition of 1200 rpm, 75 oC, 392N for one
hour, wear scar is produced on the contact surfaces of the balls, and the average friction coefficient
between the contact surfaces was recorded using Winducom 2010.
Collet
Ball Bearing
Oil Cup
Thermocouple

Applied Force
Figure. 2. Schematic diagram of four ball setup in experiment [10]
2.4. Wear Scar Diameter
The wear scar diameter was observed by optical microscope attached to a computer. The measurement
of wear scar diameter was carried out with the aid of dimension software. The image and diameter of
the wear scar was captured and measured as shown in Fig. 3. The average reading of wear scar
diameters for three balls was recorded.

3

29th Symposium of Malaysian Chemical Engineers (SOMChE) 2016
IOP Publishing
IOP Conf. Series: Materials Science and Engineering
206 (2017) 012043 doi:10.1088/1757-899X/206/1/012043
1234567890

Figure. 3. Wear scar diameter measured on one of the sample ball

3. Results and Discussion
3.1. Nanofluid Dispersion
Fig. 4 showed the dispersion of GN, CNT and GO nanofluid by using high speed homogenizer. There
were no observation of sediments of nanoparticles at the bottom of the measuring cylinder after 45
days of observations.
GN

CNT

GO

Figure. 4. Samples containing GN (left), CNT (middle) and GO (right) respectively
3.2. Friction Coefficient and Wear Scar Diameter
From Fig. 5 and Fig 6, the addition of GN, CNT and GO recorded unique trend of coefficient of
friction and wear scar diameter against increasing concentration of nanoparticles. For GN, friction
coefficient and wear scar diameter initially decreased at 50ppm. However, 100ppm concentration
showed increment in both friction coefficient and wear scar diameter. Similarly, Eswariah et.al found
that friction coefficient initially decreases with increase GN concentration but further increases with
higher GN concentration [11]. They concluded that initial decrement in frictional coefficient can be
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attributed to the layered structure of GN and the optimum concentration is 0.025 mg/mL. Since GN
are made up of planar structure, it is possible that 100 ppm of GN caused stacking and agglomerations
which indirectly caused more wear and friction.
0.1

Friction Coefficient

0.09
0.08
0.07
0.06

Control Sample

0.05
0.04

50 ppm

0.03

100 ppm

0.02
0.01
0
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CNT

GO

Figure. 5. Friction coefficient against 50ppm and 100ppm GN, CNT, and GO
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Figure. 6. Wear scar diameter against 50ppm and 100ppm GN, CNT and GO
For CNT, both 50ppm and 100ppm CNT samples showed greater reduced friction coefficient and
wear scar diameter as compared to pure VO, which signifies the positive impact of addition of CNT
into VO. However, both 50ppm and 100ppm CNT samples showed similar intensity in reducing the
friction coefficient and wear value, which signifies the ineffectiveness of increasing concentration
from 50ppm to 100ppm. Similarly, Antonio and his colleagues found that by increasing CNT
concentration from 0.01 to 0.05 %, the COF value varied from 0.063 to 0.066, which is insignificant as well
[9].

Meanwhile, both 50ppm and 100ppm of GO addition recorded higher friction and wear scar
diameter than pure VO. It was probably due to the immiscibility of GO with the base fluid. GO have
higher tendency to disperse in polar organic solvents due to their functional group on surface such as
hydroxyl and carboxyl group [12]. However, VO which made up of long carbon group is non-polar in
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nature. The difference in polarity causes immiscibility and GO tends to form agglomerates. Hence,
more friction and wear were produced. Generally, GO was used as water based lubricant additive
[13]. Besides that, other researchers carried out surface modification [14] or mix GO within composite
to improve the miscibility of nanoparticles into their base fluid [15] before carrying out tribological
studies.
In comparison among six prepared nanofluids and pure VO, 50ppm of GN addition showed the
lowest COF and WSD. Therefore, the optimum concentration and most effective nanoparticle type in
this study is 50ppm GN.
4. Conclusion
In conclusion, 50ppm of GN addition showed the lowest coefficient of friction and lowest wear scar
diameter among all seven samples tested including pure VO. Furthermore, 50ppm of GN showed
reduced friction coefficient and wear but further addition up to 100ppm caused higher friction and
wear due to stacking of GN. Addition of CNT at both 50ppm and 100ppm demonstrated reduction in
friction coefficient and wear, but there are small difference between the two concentrations. On
contrary, addition of GO at both 50ppm and 100ppm caused more wear and friction as compared to
VO, which is detrimental towards tribological properties of VO. In future, more experiments involving
nanoparticles concentration at smaller stepwise increment are needed to understand better the trend for
each graphene, graphene oxide and carbon nanotube.
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