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ABSTRACT – The current work investigates the 

tribological properties of cashew nut shell liquid (CNSL) 

with reduced graphene oxide (r-GO) as friction modifier 

using a four – ball tribometer. Cashew Nut shell liquid 

has been chosen due to its ease of availability and 

biodegradability against commercial lubricants (mineral 

oil and synthetic cutting fluid). r-GO platelets were added 

on weight percentage basis and significant enhancements 

in antiwear properties of CNSL were observed up to a 

certain concentration of r-GO (0.5 wt.%). The surface 

features of the tested balls were analysed using a three 

dimensional noncontact type profilometer, scanning 

electron microscope (SEM) and energy dispersive system 

(EDS). The results obtained showed that the performance 

of CNSL (without r - GO) is comparative with the fully 

formulated commercial lubricants. The present work will 

help to design a new bio degradable lubricant (CNSL) 

from a waste source (cashew nut shells) with proper 

additivation. 

 

1. INTRODUCTION 

Lubrication has come to the prominence for all the 

industries of the world investing in the research and 

development for the improvement of mechanical 

efficiency of their components. Studies have been 

conducted on the use of vegetable oils such as, soybean 

oil and sunflower oil which have shown promising results 

in comparison to synthetic oils; jatropha oil, castor oil, 

jojoba oil and mahua oil which have shown analogous 

results against mineral oils and synthetic oils [1,2].Thus, 

as an alternative to the commercially available mineral 

oils and synthetic oils in the industry, cashew nut shell 

liquid (CNSL) - which is rendered as a waste product in 

the processing of cashews or as a predecessor to the 

production of cardanol - can be used as a natural 

substitute. To the best of our knowledge no systematic 

work has been reported till date using r-GO as friction 

modifiers in CSNL. The present work will help to design 

new bio degradable lubricants from cashew nut shells. 

 

2. MATERIALS AND EXPERIMENTAL 

METHODS 

2.1 Preparation of the friction modifiers (FM) 

based oil samples 

Cashew nut shell liquid (CNSL) comprising of no 

friction modifiers and commercially available lubricants 

(mineral oil and cutting fluid containing commercial 

additive package) were procured from the M/s Satya 

Cashew, Chennai and local industrial market at Chennai, 

India respectively and were used without additional 

treatment and processing. Reduced graphene oxide (r-

GO) were used as friction modifiers in CNSL on weight 

percentage basis (wt%: 0, 0.1, 0.5, 1.0, 2.0). 

 

2.2 Measuring viscosity, flash and fire point 

The physio-chemical properties such as flash point, 

fire point and viscosity of the oil samples were 

determined using Redwood viscometer and Cleveland 

open cup apparatus. 

 

2.3  Anti – wear property investigation 

A four ball tribometer (DUCOM, model: TR 30L) 

was used in order to analyze the anti-wear property of the 

samples as per ASTM D 4172 standard. The balls used 

were of AISI 52100 (diameter 12.7mm and hardness 60-

62Rc). A constant load of 300N was applied and the top 

ball was rotated at 1200rpm. The temperature in the ball 

pot was maintained at 75°C. The used oil samples after 

the tribo tests were analysed with inductively coupled 

plasma – optical emission spectroscopy (ICP – OES) 

under ASTM E1613 for iron particles content (Fe content 

in parts per million) and the particle quantifier index (PQ 

index). Each trial was conducted thrice and the average 

values were reported in the present work. 

 

3. EXPERIMENTAL RESULTS 

3.1 Measuring the Viscosity, flash point and fire 

point 

As observed from Table 1, it can be seen that there 

has not been much improvement of CNSL on addition of 

r-GO as compared to synthetic cutting fluid and 

commercial mineral oil though a slight improvement in 

the flash and fire points are observed. 

 

3.2  Investigation of anti – wear properties of the oil 

samples 

As observed from Figure 1 and Figure 2, a 

decreasing trend of the friction coefficient can be seen 

until the concentration of r – GO rises from 0% to 0.5% 

but with further increase in the FM concentration the 

coefficient of friction also increased. The minimal 

coefficient of friction was observed to be at 0.5% r-GO 

as compared to the commercial lubricant. The lowest 

wear scar diameter was found to be at 2.0% r-GO in 

CSNL as compared to all the CSNL samples but the wear 

scar diameters in case of CMO and cutting fluid are less 
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than CSNL samples due to the presence of various 

additives. From Figure 3, it can be seen that the oil film 

strength in case of CNSL samples were lower than the 

commercial lubricants and hence, the wear scar in CNSL 

samples were large than the commercial lubricants.  

 

Table 1 Physico-chemical properties of lubricant 

samples. 

Oil 

Samples 

Viscosity 

at 40℃ 

(cSt) 

Viscosity 

at 100℃ 

(cSt) 

Flash 

point 

(℃) 

Fire 

Point 

(℃) 

Commercial 

Mineral Oil 
559.60 48.80 245 250 

Synthetic 

cutting fluid 
67.40 9.1 220 232 

Neat CNSL 65.03 8.04 230 242 

CNSL + 

0.1%  

r – GO 

66.19 8.27 230 240 

CNSL + 

0.5%  

r – GO 

66.64 8.45 225 240 

CNSL + 1%  

r – GO 
65.99 8.35 230 240 

CNSL + 2%  

r – GO 
65.54 8.36 230 242 

 

 
 

 
Figure 1 Variation for synthetic cutting fluid with 

additivated CNSL samples of (a) coefficient of friction; 

(b) wear scar diameter. 

 

 

 

 
 

 
Figure 2 Variation for commercial mineral oil with 

additivated CNSL samples of (a) coefficient of friction; 

(b) wear scar diameter. 

 

 
Figure 3 Oil film strength of various samples. 

 

3.3  Analyses of wear debris 

In order to identify the type of wear, an elemental 

wear analyse for the particle quantifier index and iron 

level was carried out on the used oil samples after tribo-

test. In case of both CMO and synthetic cutting fluid, it 

was observed that the Fe content (23 ppm and 5ppm 

respectively) was much lower than the PQ index (62 and 

21 respectively) while in CNSL and CNSL + 0.5% r – 

GO, the Fe content (237parts per million and 169 parts 

per million) is found to be higher than the PQ index (15 

and 26 respectively) indicating normal wear condition. 
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3.4  Analyses of surface roughness of the steel balls 

after test 

The surface roughness of the balls tested with 

commercial mineral oil ( !: 2.80 !,"#: 3.69 !) is 

higher than obtained with other lubricant samples. 

Further it can be seen that the surface roughness in case 

of balls tested with CNSL + 0.5%r-GO 

("$: 0.637 !,"#: 0.843 !) is reduced in comparison 

with that corresponding to commercial mineral oil and 

neat CSNL ("$: 1.110% !,"#: 1.372% !)  and is 

comparable with the cutting fluid  

("$: 0.479% !,"#: 0.611% !). 

 

3.5  Investigation of the extreme pressure properties 

The wear rate of the tribo-system lubricated with 

synthetic cutting fluid samples increased over 500 N. At 

800 N load the wear scar diameter of CNSL samples are 

comparable with the synthetic cutting fluid (CMO being 

more viscous lubricant) but at 1260N the balls tested with 

synthetic cutting fluid and mineral oil welded together 

while the balls with CSNL showed high wear scar, 

corresponding to initial seizure load (micro-scuffing 

initiation). 

 

4. WEAR MECHANISM BETWEEN THE 

TRIBO-PAIRS 

The decrease of frictional coefficient due to 

unsaturated as well as saturated fatty acids is bolstered by 

the presence of r-GO as friction modifiers in the 

lubricant. Due to the large difference in potential barrier 

existing between graphene and CNSL, the former is 

incompetent for its evident dispersion in the latter [3]. 

The polar groups which are hydrophobic in nature help r 

– GO to attach to the metal surfaces whereas, the alkyl 

groups being hydrophilic in nature will keep the r – GO 

dispersed in oil [4]. Cashew nut shell liquid contains 

unsaturated fatty acids and thus the adsorption of these 

fatty acids on the friction pairs causes the desired 

lubricity of the base oil [5,6] as shown in Figure 2. 

Adding r-GO over 0.5% in the CNSL reduces the wear 

scar diameter, the friction modifiers in higher 

concentration acting as an anti-wear barrier on the mating 

surfaces, but conducts to an increase of the friction 

coefficient due to augmented friction between the solid-

to-solid r-GO particles.  

 

 
Figure 3 Mechanism of formation of tribo film. 

 

 

 

 

5. CONCLUSIONS 

The physio - chemical properties of CNSL samples 

were found to be similar to the synthetic cutting fluid. 

From the present work it has been found that the 

coefficient of friction in case of 0.5 wt. % r - GO added 

CNSL (0.069) is much lower than the commercially 

available synthetic cutting oil (0.1). The roughness of the 

samples lubricated by CNSL additive with 0.5 wt. % r - 

GO is quite close to those of the synthetic cutting fluid 

showing comparable characteristics of CNSL with non-

biodegradable commercial lubricants. 

The balls in case of 0.5 wt % r-GO welded at higher 

loads as compared to both synthetic cutting fluid and 

commercial mineral oil. 
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