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ABSTRACT 

Many researchers tried to improve the tribological and thermal properties of the lubricating oil. One of the 

methods to improve the property of the oil is adding a suitable additive. In recent days nano sized materials are 

emerged as a lubricant additive which increases the tribological and thermal property of the lubricant oil. In this 

study, the tribological and thermal properties of Copper and Copper Oxide nano particles suspended in the engine 

lubricant oil are investigated experimentally. SAE 20 W40 oil is used as base oil in which Copper and Copper 

Oxide nano particle of size 40 nm at 0.1% and 0.05% wt concentration are dispersed. The Ultrasonic Bath is used 

to disperse the nano particles in the base oil. The frictional force and wear rate are measured using the Pin-On-Disk 

apparatus. The results shows that frictional force when using the Copper and Copper Oxide nano lubricant at 0.1% 

was reduced by 54% and 22% comparing with the base oil respectively. The wear rate is also reduced when using 

the nano lubricants. In addition to the tribological properties, the thermal property like Thermal Conductivity is also 

measured for the nano lubricants. The results showed that the thermal conductivity was increased about 4.2% and 

2.1% when using the Copper and Copper Oxide nano lubricant respectively. The results indicates that the Copper 

and Copper oxide nano particles improve the tribological and thermal properties of the lubricant oil. 

Keywords: Copper and Copper Oxide nano particles, nano lubricant, Friction force, Wear rate, Thermal 

Conductivity. 

INTRODUCTION 

Today we are in the modern world; it is our duty to conserve the energy.  In the field of automobile, the 

efficient use of produced energy leads to greater benefit in terms of fuel, cost, performance etc. But there are 

several losses occur in the vehicles which lead to reduction in efficiency.  One of the major losses occurring in the 

engine is a frictional loss, which is about 15% of the total energy loss (Vadiraj, 2012). To reduce this friction 

between the moving parts, lubricant oil is used. Nowadays several chemical additives are used to enhance the 

properties of the lubricant.  For example the antioxidants like zinc dialkyldithiophosphate is used to improve 

oxidation and degradation stability. Phosphorous and Sulphur are used to improve extreme pressure and anti-wear 

property (Y.Choi, 2009). In addition to this the organic friction modifiers such as glycerol Monooleate or metal 

containing friction Modifiers such as molybdenum dithiocarbamate [MoDTC] have been added to engine oils 

(Mark, 2008). 

Recently nano materials are used to improve the properties of the lubricant oil.  Nano lubricants are the 

lubricants in which the nano-sized particles are dispersed in it by using the suitable dispersion techniques. The 

particles are in the size of 1-100 nm (R.Saidur, 2011).The particles are metals, metal oxide, alloy of metals, Carbon 

nanotubes. Among the various nano materials, the Copper nano material shows promising results when used as an 

additive. It shows good friction reduction and anti-wear property than the other nano materials. In addition to this, 

the Copper nano material also shows better tribological properties at higher temperature (YU He, 2013).In the 

present study, the tribological behaviors of Copper and Copper Oxide nano materials as a lubricant additive are 

investigated. In addition to this, the Thermal Conductivity of the nano lubricants is measured. 

Methodology  

Materials. The Copper and Copper Oxide nano material are used an additive. The average size of the nano material 

used is 45 nm. The concentrations of the Copper and Copper Oxide nano particles are 0.1and 0.05 weight 

percentage in nano lubricant. The SAE 20 W40 engine oil is used as base oil. The specification of the base oil is 

shown Table 1. 

Preparation of Nano Lubricants. The effectiveness of the nano lubricant lies on its rate of dispersion and 

stability. If the stability is not good, the nano materials tend to agglomerate with each other. This will degrade the 

performance of the nano lubricant. In this work the metallic Copper and Copper Oxide Nano particles are dispersed 
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in the base lubricant using Bath type ultrasonicator.  These are dispersed in terms of weight fraction at 

concentration level of 0.1%and 0.05%. The required weight of the Copper and Copper Oxide Nanoparticles 

corresponding to the mass fraction was accurately measured using a high precision electronic balance and kept in 

the sonicator for a sonication period of 2 hours. The prepared Nano lubricants are kept under observation for 48 

hours and the properties are measured. 

Table.1 Specification of SAE 20 W40 oil] 

Density at 15° C 0.9100 

K.V at 40° C 28.40 

Viscosity Index 115 

Flash Point °C. 232 

Pour Point °C -24 

The Pin on Disk Tester. The Frictional Force was measured using the Pin-on-Disk apparatus. For this a static 

Aluminum pin and rotating Grey Cast Iron test samples was prepared according to ASTM G99 standards. These 

test samples actually mimic the piston and liner surface in the engine. The pin and disk are shown below. In the 

pin-on-disk tester, the pin was held vertically against the rotating disk at a radial distance of 30 mm. The normal 

load of magnitude 30 N is applied on the pin. The sliding distance taken for this test was 1000 m and the rotational 

speed of the disk was fixed at 1273 rpm. The Frictional Force generated between the pin and rotating disk due to 

the applied load was indicated by a Tribology Data Acquisition system. During the test, the base oil and nano 

lubricant was introduced between the rotating disk and pin, in drops, at a constant flow rate of 0.15 L per hour. The 

Frictional Force was noted down for a period of 8 min, the average value was noted for each concentration of 

Copper and Copper Oxide Nano particles.                         

 

Fig.1. Schematic of pin and disk positions in the Pin on Disc tester 

 Measurement of Thermal Conductivity. One of function of the lubricants is to transfer the heat, so oil should 

have high heat transferring capacity. The heat transfer capacity can be identified using a parameter called Thermal 

Conductivity.   Thermal Conductivity of Nano lubricating oil is measured using the KD2-Pro instrument. This 

instrument uses the Transient Hot Wire method to measure Thermal Conductivity. The Thermal Conductivity of 

base oil and Nano lubricants are measured at room temperature. 

Results and discussions 

Frictional Force. The friction forces are measured by taking test on the Pin on disk apparatus under controlled 

room temperature of 28 °C. Table 2 shows the friction forces generated between the pin and rotating disk. Using 

the frictional forces the frictional coefficient are calculated. From Table 2 it can be noted that the copper nano 

material at 0.1 wt% has minimum friction coefficient than the other nano lubricants and base lubricant. The reason 

for the decrease in friction coefficient is that the metallic copper nano material carries the part load generated 

between the frictional surfaces and reduces the friction. At 0.1 wt% the nano lubricants shows better reduction in 

frictional coefficient than the other concentrations. So the optimum concentration for the nano lubricant can be 

taken as 0.1%. 

Fig. 2 shows the frictional force generated between the pin and rotating disk with respect to time. At the 

beginning of the experiment the friction force generated is very high due to the direct contact of the pin and disk.  

But the introduction of the lubricant oil decreases the frictional force gradually. The reason is that the lubricant oil 

forms the thin film in between the pin and disk surface and carry away the load applied on it. Fig 2 shows that 

adding Copper and Copper Oxide nano material at 0.1 wt% concentration reduce the friction force by 58% and 
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27%. Adding the Copper and Copper Oxide nano lubricant reduces the friction force higher than the conventional 

lubricants. The Copper nano material will melt under higher temperature and forms the thin soft film. This soft film 

provide a smooth surface and carry away the load and reduce the friction force. Comparing with the Copper Oxide 

nano material, the Copper nano material shows better friction reduction. Table 2 Frictional force generated for 

various types of lubricants 

Table 2 Frictional force generated for various types of lubricants 

Type of lubricant Normal load (N) Average frictional force (N) Friction coefficient 

Base oil 30 1.67 0.055 

Copper 0.1% 30 0.68 0.022 

Copper 0.05% 30 1.26 0.042 

Copper Oxide 0.1% 30 1.20 0.040 

Copper Oxide 0.05% 30 1.49 0.049 
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Fig 2. Variation of frictional forces for various Nano 

materials 

Fig.3. Wear rate for base and nano 

lubricants 

Wear rate. The wear rate of the static aluminum pin before and after friction measurement was calculated. For that 

a high precision weighing machine was used. The measurement was taken carefully since the weight change was 

very less. The results show that the wear is high when using the conventional lubricants than the Nano lubricants. 

Fig.3 shows that adding Copper and Copper Oxide nano material at 0.1 wt% concentration reduce the friction force 

by 67%. The nano materials at high temperature melt and form the lubrication film. This thin lubrication film 

prevent the direct contact of the frictional surface and reduce the wear rate. From the results  there is no 

considerable effect of nano particle type on the wear rate.                         

Thermal Conductivity. The thermal conductivity of the base and  nano lubricant are measured using the KD2-Pro 

instrument. This instrument uses the transient hot wire system to measure the thermal conducivity. Based on the 

results thermal conductivity of the Nano lubricant is higher than the base lubricant. Since the nano materials are 

small in size,the surface unit area per unit volume increases which increses the thermal conductivity. In additon to 

this the Brownian motion increases as the size of the nano materials decreases,which also raises the thermal 

conductivity. From the results the Thermal Conductivity of Copper Nano lubricant increases about 4.2% and 2.8% 

at 0.1% and 0.05% respectively. Using the Copper Oxide Nano material the Thermal Conductivity increases about 

2.1% and 0.7% at 0.1% and 0.05% respectively. This increase in Thermal Conductivity increases the heat 

conduction property of engine lubricant which makes the nano lubricants suitable for high temperature application. 
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Fig.5. Variation of  thermal conductivity for base oil and different concentrations of nano lubricants 
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CONCLUSION 

 The Copper and Copper Oxide nano materials are added as an additve to the SAE 20 W40 lubricant oil at 

0.1 and 0.05 wt% concentrations. The properties like frictional force, wear rate and thermal conductivity of the 

base luricant and the nano lubricant are evaluated. The properties are improved. 

 Adding Copper and Copper Oxide nano material at 0.1 wt% concentration reduce the friction force by 58% and 

27% respectively. 

 The wear rate of Nano lubricant with Copper and Copper Oxide Nanomaterial is very less compared with the 

conventional lubricant because of avoidance of direct contact of Frictional surfaces. The wear rate is reduced 

about 67% than the base lubricant. 

 Thermal Conductivity of Copper Nano lubricant increases about 4.2% and 2.1% at 0.1 wt% concentration of 

Copper and Copper Oxide nano materials respectively. The thermal conductivity enhancement is due to the 

smaller size of the nano materials. 

 The Copper nano material shows better improvement than the Copper Oxide nano lubricant. Due to the pure 

metallic core of the nano material there is enhancement in the properties of the lubricant. 

 Finally the nano lubricant at 0.1 wt% concentration  can be suggested as the optimum concentration for 

improving the properties of the engine lubricants than 0.05 wt% concentration.  
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