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ABSTRACT 

 

 The Multi-Walled Carbon Nano-tubes (MWCNTs) are employed as anti-wear and anti-

friction additives in mineral oil. The MWCNTs are known for their superior thermal 

conductivity, mechanical and optical properties. It is expected that hollow-core carbon nano 

tubes provide easy sliding as well as rotating action with respect to one another; therefore 

there is a need to explore the use of MWCNT as lubricant-additive. In the present research 

work, experimental investigations have been conducted to explore the importance of the 

MWCNTs as additives in the lubricating oils. Tests were performed on block on disk setup 

for five oil samples: Sample 1: Mineral oil, Sample 2: Pure MWCNT with surfactant mixed in 

base oil using sonication, Sample 3: Functionalized MWCNT with surfactant mixed in base 

oil using sonication, Sample 4: Pure MWCNT mixed in base oil using sonication and Sample 

5: Functionalized MWCNT mixed in base oil using sonication. The performance was 

evaluated by measuring the viscosity, wear and friction. 

To understand the effect the effect of functionalization on temperature, experiments were 

performed at (i)350C, (ii) 700C and (iii) 950C and the performance was evaluated by 

measuring the wear and friction coefficient. The comparison of different results are carried 

out and results are presented 
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INTRODUCTION 

Carbon nanotubes (CNTs), which are basically hollow cylinders of one or more layers of 

graphene, were discovered of by Lijima [1] in 1991. Carbon nanotubes (CNTs) are denoted as 

single-wall (SWCNT), or multiwall (MWCNT) [1, 2]. Diameters of SWCNTs and MWCNTs are 

typically 0.8 to 2 nm and 5 to 20 nm, respectively. Since the MWCNTs that contain graphene 

can be produced in much larger quantities at lower cost, there is a need to study the mechanism 

of MWCNTs as Lubricant additives.  

 Commercial activity related to CNT has grown most substantially during the past decade. 

Since 2006, worldwide CNT production capacity has increased at least 10-fold, and the annual 

number of CNT-related journal publications and issued patents continues to grow (as shown in 

Fig. 1). 
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Fig. 1 Journal publications and issued worldwide patents per year, along with estimated annual 

production capacity [6] 

 CNTs possess unique structural, electrical and exceptional mechanical properties. Elastic 

modulus approaching 1 TPa and tensile strength of 100 GPa of MWCNTs [3] have been quoted. 

This strength is over 10-fold higher than any industrial fiber. MWCNTs can carry currents of up 

to 10
9
Acm

–2
 [4]. Individual CNT walls can be metallic or semiconducting depending on the 

orientation of the graphene lattice with respect to the tube axis, which is called the chirality. 

Individual SWNTs can have a thermal conductivity of 3500 Wm
−1

K
−1

 at room temperature, 

based on the wall area [5]. Due to these properties, CNTs are used in a wide range of 

applications including lightweight composite structures, field emission devices, electronics, 

micro/nano-electro-mechanical system (MEMS/NEMS) devices, sensors, actuators, nano-

robotics and medical applications. However the literature available on implementation of CNTs 

in tribological application is very scarce and hence a detailed study is required to explore the 

CNTs as nano-lubricant additive. 

In science of lubrication, attempt is made to minimize the contact between rotating and 

stationary surfaces so that friction and wear can be minimized. Often avoiding contact between 

tribo-surfaces (i.e. fluid bearings used in sugar mills [7], cement-manufacturing plants [8], and 

steam turbines [9]) is not-possible and the tribo-surfaces operate in mixed lubrication regime. To 

avoid the metal to metal contact in such applications, either hybridizing of hydrostatic and 

hydrodynamic [10-53] mechanisms or use of nano-additives [54-56] have been researched. The 

hybridization of fluid bearing based on hydrodynamic mechanism with hydrostatic mechanism is 

not recommended as it increases the complexity (i.e. gear lubrication) of the system; and 

increases cost of the overall system. Therefore in the present work “use of nano-additives” in the 

lubricant will be explored. 

Although the nanoparticles like ZnO, MoS2 and WS2 have good antifriction properties, their 

tribological performance reduce under high load conditions. The main reason of such behaviour 

is irreversible change in the shape and structure [57] of ZnO, MoS2 and WS2. On the other hand, 

hollow-core carbon nano tubes, provide easy sliding as well as rotating actions with respect to 

one another and due to such actions MWCNT form near ideal nano-bearings [58]. Repeated 

extension and retraction of telescoping nanotube segments revealed no wear and able to produce 

ultra-low friction [58]. The CNTs have high Young’s modulus and stiffness in the direction of 

the nanotube axis; as well as considerable mechanical strength and great flexibility perpendicular 

to the axis [59].  

Jenget al [57], Penget al [58], Chen et al [60-61] showed that a good dispersion of the CNT 

additives within the lubricant can be achieved by reducing the surface energy of the particles by 
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surfactant and chemical modification using carboxyl (-COOH) and/or hydroxyl (–OH) functional 

groups. Garg and Susan [62] examined the effects of covalent chemical attachments on the 

mechanical properties of single-walled CNTs using classical molecular dynamics simulations. 

Authors found that covalent chemical attachments decrease the maximum buckling force by 

about 15% regardless of tubule helical structure or radius.  

On reviewing literature, it has been found that MWCNTs has been used along with 

surfactants and functionalization. As per authors knowledge there has been no study performed 

till now to understand the tribological effect of nano-lubricant with and without surfactants and 

functionalization. Therefore in the present work five different samples: (i) Sample 1: Mineral oil, 

(ii) Sample 2: Pure MWCNT with surfactant mixed in base oil using sonication, (iii) Sample 3: 

Functionalized MWCNT with surfactant mixed in base oil using sonication, (iv) Sample 4: Pure 

MWCNT mixed in base oil using sonication and (v) Sample 5: Functionalized MWCNT mixed 

in base oil using sonication, were prepared and experiments were performed on block on disc 

experimental setup. The performance of the lubricant was evaluated by musing the weight loss of 

the block and friction data.  

Using molecular dynamics Shenoginet al [63] showed that by functionalization MWCNTs 

leads to reduction of thermal conductivity due to the scattering of electrons and phonons [64], 

therefore it is worth verifying the tribological performance of nano-lubricant with and without 

functionalization at higher temperature, since all the earlier works has been performed under the 

room temperature. Block on disc experiment was repeated for Sample 1-3 and again the 

performance of the samples were evaluated by measuring the weight loss and frictional 

coefficient. 

 

EXPERIMENTAL SETUP AND SAMPLE PREPARATION 

The block on disc experimental setup used for the present work is shown in figure 1.  The 

block is made of phosphorus bronze material and the disk is made of hardened steel. The 

diameter of the disk is of 40 mm and width of 15mm. It is driven by a single phase induction 

motor. The block is fixed in a holder that is attached to the loading platform. The static load is 

applied on the loading platform that causes the contact between the conformal block with the 

disk. The conformal block slides against the disk. The disk is partially immersed in the lubricant 

and the lubricant temperature was maintained by the help of heaters and a thermal cut-off switch. 

A combination of a load of 70 N and a sliding speed of 0.05 m/s corresponding to 25 rpm of the 

disk were considered for the test operating conditions that causes the operation in the mixed 

lubrication regime.  

   
Fig. 1 Block on disc setup 

Block 

Disc 
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In the present work COOH functionalized MWCNTs and Triton X-100surfactant was used. In 

the present work “Sample 4” and “Sample 5” nano-fluids were developed by adding 0.05 weight 

percentage of lubricant of MWCNTs and functionalized MWCNTs in the lubricant and the 

solution is homogenised using 250W homogenizer for half an hour. In the case of “Sample 2” 

and “Sample 3”, two times the weight of the MWCNTs were added in the lubricant along with 

0.05 weight percentage of lubricant of MWCNTs and functionalized MWCNTs respectively.  

The experiments were performed for one hour at 70
0
C and the wear and frictional coefficient 

results are presented in figures 2(a) and 2(b) respectively.  

From figure 2(a) following observations are made: 

(i) MWCNTs with surfactant are able to reduce the wear; therefore the MWCNTs must be used 

with surfactant.  

(ii) Functionalized MWCNTs without surfactant produced higher wear. 

(iii)“Sample 2: MWCNT in mineral oil with surfactant” provided low wear.The problem with 

the introduction of functionalization is that, it degrade the mechanical strength of CNTs by 

an average value of 15% [18] and due to the hydrophobic nature of MWCNTs and 

hydrophobic lubricant, the functionalization is not required for proper dispersion if the 

particles are small. 

(iv) The variation between the trials of the “Sample 1” was observed to be low while it is high in 

the case of other four samples. The reason for the variations in wear value is due to the 

differ orientation of the MWCNT’s between the block and disk. If the length of the 

MWCNT’s are in parallel to the disk and block surface, they act as roller bearing and reduce 

wear while if they are perpendicular they will result in higher wear. In the case of entangled 

MWCNT, it can be both and wear will varying. 

 
(a) Wear 

 
(b) Coefficient of friction 

Fig. 2 Wear and coefficient of friction for different samples with 0.05% MWCNT 

Sample 3 
Sample 2 

Sample 4 

Sample 1 Sample 5 
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From figure 2(b) following observations are made: 

(1) The friction coefficient value is lesser for all types of nano-lubricant compare to mineral 

oil “Sample 1” 

(2) The friction coefficient values for “Sample 1” was highest and lowest for “Sample 2”  

(3) The friction coefficient value among the samples having surfactant “Sample 2” and 

“Sample 3” and samples without surfactant “Sample 4” and “Sample 5” were same.  

(4) The friction values of samples with surfactant was lower compare to samples without 

surfactant.  

(5) There is a steep decrease in thefriction coefficient value in the case of “Sample 2” and 

“Sample 3”, indicating that the filling of MWCNT in the asperities [13].  

From the above discussion it can be concluded that samples having MWCNTs with surfactant 

reduces both wear and friction. In the following section the effect of temperature on 

functionalized and non-functionalized MWCNTs will be studied.  

 

EFFECT OF TEMPERATURE 

The experiments were performed at lower (35
0
C) and higher (95

0
C) temperatures. The wear at 

different temperatures has been plotted in figure 3.  

 
Fig. 3 Wear at different temperature 

From the figure 3, following conclusions can be made: 

(a) At lower temperature (35
0
C) wear is the lowest. With increase in temperature, wear 

increases.  

(b) Functionalized MWCNT show relatively lower wear rate at lower temperature while 

shows highest ware rate at higher temperature 

(c) Lowest wear rate was observed for non-functionalized MWCNT at higher temperature.  

The results of friction coefficient for base oil, functionalised and non-functionalized 

MWCNT at 35
0
C and 95

0
C temperature are plotted in figure 4(a) and 4(b) respectively. From 

figure 4(a) it is observed that the friction coefficient values for three samples are almost same. 

From figure 4(b) the samples operated at 95
0
C it can be observed that the friction value for 

mineral oil is increasing with time while the friction coefficient of “Sample 2” and “Sample 3” 

lubricant with both MWCNTs were same and lesser than “Sample 1”. The reason for the poor 

wear performance of the functionalized MWCNTs at higher temperature is due to the scattering 

of electrons and phonons [20] and also drop of thermal properties with increasing degree of 

functionalization due to the effect of sp3 defect [19].  

Sample 1 

Sample 2 

Sample 3 
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(a) 35

0
C 

 
(b) 95

0
C 

Fig. 4 Frictional coefficient at 95
0
C and 35

0
C 

CONCLUSION:  

 To understand the effect of functionalizing MWCNTs and importance of addition of 

surfactant to lubricant-MWCNTs solution, different experiments were performed for five 

different samples: (i) Sample 1: Mineral oil, (ii) Sample 2: Pure MWCNT with surfactant mixed 

in base oil using sonication, (iii) Sample 3: Functionalized MWCNT with surfactant mixed in 

base oil using sonication, (iv) Sample 4: Pure MWCNT mixed in base oil using sonication and 

(v) Sample 5: Functionalized MWCNT mixed in base oil using sonication. Viscosity of lubricant 

was measure using Rheometer and tribological properties wear and friction wear measured using 

“Block on Disc” Setup. Experiments were performed at 70
0
C, for 70N and 25RPM and from 

experiments following conclusion were derived: 

(i) Viscosity of the “Sample 1” was lowest and “Sample 4” was highest among all the 

five samples. 

(ii) The wear of “Sample 4” was highest and “Sample 2” was lowest indicating that there 

is no relation of viscosity and wear in the case of nano-lubricant with MWCNTs as 

additives. 

(iii) The frictional coefficient value is reduced by adding MWCNTs however “Sample 2” 

provided lowest frictional coefficient.  

Sample 1 

Sample 2 

Sample 3 

 

Sample 1 

Sample 2 

Sample 3 
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(iv) For nano-lubricant with MWCNTs as additives, addition of the surfactant is necessary 

while functionalization is not. 

To understand the effect of the temperature on the functionalization of MWCNTs, the 

experiment was repeated for “Samples 1-3” at 35
0
C and 95

0
C. From the experiment following 

conclusion was observed:  

(i) Wear of “Sample 3” (MWCNTs with functionalization) was lower at lower 

temperature (35
0
C) while the wear of same sample is higher at higher temperature 

(95
0
C)  

(ii) The wear for “Sample 2” was lowest at higher temperature.  

(iii) Friction coefficient values at lower temperature was same for all three samples while 

at higher temperature the frictional value was increasing for “Sample 1” and for 

samples and 3 the frictional coefficient values are almost constant. 
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