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Abstract— In this paper the Tribological behavior of multi-

wall nanotube and extreme pressure nanoparticles additives 

in a lubricating oil for improve the Tribological properties of 

lubricants is presented. The Tribological behavior will be 

evaluated on a four ball oil testing machine and it is 

expected that the test will show that each set of multi-wall 

nano tube and nano particles significantly reduces the 

friction coefficient and wear of friction pairs and wear 

surfaces will be analyses by scanning electron microscope 

(SEM) and energy Dispersive spectroscopy (EDS). 
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I. INTRODUCTION 

Today’s, many lubricants with different properties are 

produced to be used in various mechanical systems 

including internal combustion engines. Friction in 

mechanical systems is a main factor for energy loss thus 

lubricants are used to minimize the amount of friction and 

wear generated in mechanical systems. Lubrication is one of 

the most effective ways for reducing friction and lowering 

additional heat, which is produced in mechanical system. It 

was observed by several researchers that the variation of 

friction depends on interfacial conditions such as normal 

load, geometry, relative surface motion, sliding velocity, 

surface roughness of the rubbing surfaces, type of material, 

system rigidity, temperature, stick‐slip, relative humidity, 

lubrication and vibration. 

Modern mechanical equipment must be lubricated 

in order to prolong its lifetime. A lubricant performs a 

number of critical functions. These include lubrication, 

cooling, cleaning and suspending and protecting metal 

surfaces against corrosive damage. Lubricant comprises a 

base fluid and an additive package. The primary function of 

the base fluid is to lubricate and act as a carrier of additives. 

The function of additives is either to enhance an already-

existing property of the base fluid or to add a new property. 

The examples of already-existing properties include 

viscosity, viscosity index, pour point, and oxidation 

resistance. The examples of new properties include cleaning 

and suspending ability, anti-wear performance, and 

corrosion control. 

A tribology is to find out less polluting additives as 

efficient as used in terms of friction reducing and antiwear 

properties and also corrosive properties. Nanoparticles and 

nanotubes have also appeared and developed as a new kind 

of additive materials for lubricants because of their shape, 

size and other unique properties. In reality, nano-lubricants 

are new kinds of engineering lubricants, which are made 

from nanostructures, dispersants and base lubricant and have 

improved lubricating and developed thermal conduction 

properties with respect to common lubricants. Using nano-

lubricants, due to improvement in surface properties, 

increased engine efficiency, reduction of consumed fuel and 

cost of maintenance are very attractive and interesting as 

well . The anti-wear and anti-frictional properties of nano-

lubricants containing different nanoparticles such as 

fullerene, titaniumdioxide, copper oxide, nano-diamond and 

so on with spherical structures have been investigated by 

many researchers. Also, fluid’s thermal conductivity 

properties, which contain different nanostructures such as 

fullerene, copper and copper oxide nanoparticles with 

spherical structures and single walled and multi-walled 

carbonnanotubes with tubular structures. 

II. LITERATURE SURVEY 

 J. Kogovsek  et.al has find out a comparison of the 

lubrication behavior of MoS2 nanotubes mixed with PAO 

oil using steel surfaces with different roughnesses and result 

that the friction with the nanotubes-containing oil was40–

65%lower compared to the base oil, depending on the 

different contact conditions used and also using MoS2 

nanotubes in the oil the friction is the same for rough and 

smooth steel surfaces,meaning that the nanotubes 

completely govern the lubrication behavior in self-mated 

steel contacts in the boundary- and mixed-lubrication 

regimes, irrespective of the surface roughness (1) 

Diana-Luciana Cursaru et.al  studied The efficiency 

of Co-based single-wall carbon nanotubes (SWNTs) as an 

AW/EP additive for mineral base oils is presented.in this 

study Single- wall carbon nanotubes interested  tribological 

properties by the used of AW and EP additive to SAE 20 

base oil and the result that the friction coefficient decreased 

to 0.087 using only 0.5 wt% SWNTs added to SAE 20. A 

synergistic effect was found between SWNTs and the 

commercial additive, giving this combination the best 

tribological  properties.(2) 

Christopher Kingston et.al have found out the 

Release characteristics of  carbon nanotube polymer 

composites .Multi-walled carbon nanotubes (MWCNTs) are 

commonly used in polymer formulations to improve 

strength, conductivity, and other attributes. A developing 

concern is the potential for carbon nanotube polymer 

nanocomposites to release nanoparticles into the 

environment as the polymer matrix is mechanically stressed. 

(3) 

J. Kogovsek et.al have studied the Lubrication of 

DLC-coated surfaces with MoS2 and WS2 nanotube in all 

lubrication regimes to reduce Surface roughness and running 

effects.They have also presented a model of how the surface 

roughness influences the mechanism of lubrication for the 

MoS2 nanotubes.This model is based on a 2D1:1 projection 

scale of dimensions of the surface profile including its 

asperities nanoparticles and film thicknesses and is thus 

independent of the contacting materials and result that the 

addition of the nanotubes to the base oil lowered the 

coefficient of friction of the DLC by more than 50% for the 
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smooth DLC-coated surfaces and up to  40%  for the rough 

DLC-coated surfaces.(4) 

Afsaneh Dorri Moghadam et.al has looked into 

Mechanical and tribological properties of Carbonous 

materials, such as graphite, carbon nanotubes (CNT's), and 

graphene possess unique electrical, mechanical, and thermal 

properties.This review focused  on the recent development 

in mechanical and tribological behavior of self-lubricating 

metallic nanocomposites reinforced by carbonous 

nonmaterial’s such as CNT and graphene. The development 

of self-lubricating nanocomposites, related issues in their 

processing, their characterization, and investigation of their 

tribological behavior. The results that adding CNT and 

graphene to metals decreases both coefficient of friction and 

wear rate as well as increase the tensile strength.(5) 

F.J. Carrión et.al has studied Pristine single-walled 

carbon nanotubes (CNTs) were dispersed in the room-

temperature ionic liquid(IL)1-octyl,3-methylimidazolium 

tetrafluoroborate ([OMIM]BF4) by grinding and 

ultrasounds. Excess IL was removed to obtain single-walled 

carbon nanotubes modified by [OMIM]BF4 (mCNTs). 

mCNTs  were  added in a 1 wt.% to polystyrene 

(PS),polymethy lmethacrylate (PMMA) and polycarbonate 

(PC) to obtainPS + mCNT, PMMA mCNT and PC + 

mCNT. The dry tribological performance of the new 

nanocomposites was studied against AISI 316L stainless 

steel pins and compared with that of the neat polymer sand 

with the nanocomposites  containing  pristine carbon 

nanotubes without IL (PS + CNT; PMMA + CNT andPC + 

CNT). The maximum wear  rate  and  friction  coefficient  

reduction is obtained for PS + mCNT(6) 

Ehsan-o-llah Ettefaghi et.al has find out the effect 

of multi-walled carbon nanotubes (MWCNTs) in different 

concentrations on some of the properties of engine oils such 

as Viscosity, pour point, flash point and thermal 

conductivity. In this study used the different methods which 

have applied for dispersing nanotubes inside the base oil. 

The obtained results thermal conductivity and flash point of 

nano-lubricants with 0.1 wt% improved by 13.2% and 6.7%  

respectively  with respect to the base oil.(7) 

M. Kalina et.al has studied the tribological 

behavior of MoS2 multi-wall nanotubes (MWNTs) as a 

potential additive in lubricating oils and The experiments 

were performed in the boundary-lubrication regime under a 

contact pressure of 1 GPa  and a sliding velocity of 0.005 

m/s used  a ball-on-disc tribotester. The results were 

compared to a reference base oil, and it was found that 

MoS2 nanotubes significantly decreased the friction and 

wear compared to the base lubricant. The friction was more 

than 2-times lowered and the wear as much as 5–9-times 

lowered(8) 

M. Kalin et.al has find out 30% less friction 

compared to steel surfaces and 50% less friction compared 

to the base oil was achieved by employing MoS2 nanotubes 

in the base oil inself-mated DLC contacts and the result 

physical-based lubrication technology represents an 

innovative solution for highly effective but non-reactive 

surfaces and simultaneously  provides green-lubrication 

performance.(9) 

III. PROBLEM STATEMENT  

 Friction and wear are significant sources of energy and 

material losses in mechanical processes. Lubrication is a 

principal focus of efforts to improve energy efficiency and 

mechanical durability. The conventional lubricants have 

certain limitations. so there should be development in the 

lubricant help of additives to improve properties of 

lubrication. 

IV. OBJECTIVES 

1) The reduction of wear to increase lifetime of machine 

components.  

2) To reducing the friction between the pair of contacting 

surfaces and protecting them from the wear. 

3) To study the Tribological behaviour of nanotube and 

nanoparticles. 

4)  To reduced the coefficient of friction and wear of 

friction pairs 

5) To increase the load carrying capacity of oil by using 

nanoparticle additives 

6) To study the effect of blending of two or more types of 

nanoparticle additives on Tribological properties of 

lubricating oil as anti-wear and EP properties 

7) To study the effect of various concentrations (wt%) of 

both copper(Cu) and MWNT nanoparticle additives on 

the Tribological properties of lubricating oils 

V. METHODOLOGY 

A. Nanoparticles Used 

The different types of nanoparticles used in this work are as 

follows 

 Copper (Cu)  

 Multi wall  nano tube(MWNT) 

B. Nanoparticle Copper (Cu) 

 Purity: 99.8% (metal basis)  

 APS: 35 nm 

 SSA: 30 - 50 m2/g 

 Color: black brown 

 Morphology: spherical 

 Bulk density: 0.15 - 0.35 g/cm3 

 True density: 8.94 g/cm3 

 Melting point/Melting range: 1083 ° C 

 Boiling point/Boiling range: 2595 ° Ck 

 
Fig.1 SEM Micrographs of Copper (Cu) 

C. Multi Wall Nanotube(MWNT) 

 MWNT (95+%, OD 10-20 nm) Multi-wall nanotube   
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 Purity: > 95% Outside diameter: 10-20 nm  

 Inside diameter: 5-10 nm 

 Length: 10-30 um 

 SSA: > 200 m
2
/g 

 Color: black 

 Bulk density: 0.04-0.05 g/cm
3
 

 True density: ~2.1 g/cm
3
 

 
Fig.2 Micrographs of MWNT 

VI. MATERIAL PREPARATION 

The nanoparticles are dispersed in SAE10 engine oil. The 

dispersion is subjected to ultrasonication and mechanical 

agitation to break down aggregate particles and disperse 

them as a uniform suspension. Oleic acid is used as a 

surfactant in the dispersion process to prevent nanoparticle 

agglomeration and thus improve the dispersion stability of 

Cu nanoparticles and MWNT nanotube 

Title of nano-oil Nanoparticles 

Content of 

metal 

(g/100 ml oil) 

SAE 10+Cu Cu 0.5 

SAE 10+MWNT MWNT 0.5 

SAE 10+Cu+MWNT Cu+MWNT 0.25+0.25 

SAE 10+ Cu Cu 1.0 

SAE 10+MWNT MWNT 1.0 

SAE 10+Cu+MWNT Cu+MWNT 0.5+0.5 

Table.1 Different Compositions of the Lubricants 

VII. TRIBOLOGICAL TESTING AND SURFACE ANALYSIS 

The testing is to be performed as per ASTM D-2783. The 

friction coefficients will be measured by a four ball 

tribotester. Fig.1.1 shows a schematic diagram of the 

tribotester that will be used for evaluation of the friction 

coefficients of the raw oil and the oils with nano-additives. 

The experiments will be performed at room temperature. 

Balls with a diameter of 12.7 mm are to be made of 100 Cr6 

bearing steel. Before and after each experiment, all of the 

appropriate parts of the machine (i.e. the lower and upper 

ball holders, oil vessel and the test balls) are to be washed in 

an   ultrasonic bath with hydrocarbon solvents and then 

dried. The friction torque between the balls and the 

temperature change of a liquid sample is to be recorded 

during the test. Three identical tests will be performed for 

each sample to minimize data scattering.  

The wear will be evaluated according to the wear 

scar diameter on the steel ball surfaces. The diameters of the 

circular wear spots on   the three stationary balls are to be 

measured with an optical microscope (accuracy 0.007 mm). 

For each run, the spot measurements are to be reported in 

millimeters as an average of the wear spot diameter (WSD) 

of the three balls. 

Surface analysis is to be performed by Optical 

Microscope and SEM  microscopy  for determination of  the 

chemical content at selected wear spots of  the specimens. 

 
Fig.3: Schematic diagram of four-ball tester with friction 

torque measurement 

The friction coefficient is to be evaluated according 

to the friction torque measurements during the   tribological 

tests. Each combination of nanoparticles will reduce the 

coefficient of friction of the friction pairs. 

VIII. CONCLUSION  

Following are the probable outcomes which are obtained at 

the end of experimentation and testing 

 The Tribological investigation of   lubricant oils   

with nanoparticle additives should show that each 

combination of Cu nanoparticle and MWNT 

nanotubes significantly reduces the coefficient of 

friction and wear of friction pairs. 

 The trends of the varying compositions of lubricant 

should confirm varying coefficient of friction.  

 The nanoparticle additives in the lubricant oil 

should tend to form a friction and wear reducing 

layer of the contacting surfaces during the 

commencement of heavy load.  

 From the results obtained for the Tribological 

testing, the comparative analysis of the different 

combinations of the nano additives can be done. 

 This analysis will finally give out the most 

effective nanoparticle additive for the reduction of 

friction and wear.  

 Probably the additives having combination of 

nanoparticles will be more effective as compared to 

the additives of single nanoparticles. 
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