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Abstract— The Nio nanoparticles with an average size of 20 

nm were mixed in SAE 10w30 oil at various percentages. 

The tribological properties like Viscosity; Wear is calculated 

with help of a four-ball tester. The results show that these 

Nio nanoparticles exhibit good characteristics in load-

carrying capacity , anti-wear & friction-reduction  etc.. The 

WSD is measured with help of Image acquisition 

microscope. By ASTM D-4172 B .The results indicate that 

adition of Nio in fraction the wear reduces sum extent but if 

percentage increases its effect on load carrying capacity also 

gives better result in visocity. 
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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. 

 
Fig. 1: Nanoparticals acts as a third body between two 

metal bodies 

Binfa Bongfa et. al. (2015)  studied  Comparison of 

lubricant properties of castor oil and commercial engine oil. 

The tribological performance of crude Nigeria-based castor 

oil has been investigated and compared with that of a 

foreign, 20W-50 high quality crankcase oil, to see its 

suitability as base oil for lubricating oils in indigenous 

vehicle and power plants engines. The experiment was 

conducted using a four ball tester. The results showed that 

unrefined castor oil has superior friction reduction and load 

bearing capability in an unformulated form than the 

commercial oil hence can be a good alternative base stock 

for crankcase oils suitable for Nigeria serviced vehicles, and 

plants engines from tribological, environmental, and non-

food competitive points of view.[1]  

A. S. Kalhapure et.al. (2015)  studied performance 

evaluation of tribological properties of cotton seed oil for 

multi-cylinder engine. The purpose of this work is to 

evaluate the anti-wear characteristics of cottonseed oil and 

to check the suitability of cottonseed oil as a lubricant for 

multi-cylinder engine. Four ball testing machine is used for 

anti-wear testing as per ASTM D 4172. The wear preventive 

characteristic of cottonseed oil is obtained by measuring 

wear scar diameter. Only wear preventive characteristic of 

cottonseed oil is considered in this research work. Though 

coefficient of friction for cottonseed oil is lower compared 

to commercial lubricants, the wear scar diameter is larger. 

Hence cotton seed oil cannot be used as a lubricant in the 

unmodified form. [2].  

Ajinkya S. Pisal1 et.al. (2014) studied the  

Experimental Investigation of Tribological Properties of 

Engine oil with CuO nanoparticles . Nanoparticles can be 

used as an additive in the engine oil to improve its 

Lubrication properties to reduce wear and friction of the 

engine. In this research copper oxide (CuO) nanoparticles 

are added to engine oil 20W40 and Tribological properties 

are investigated. The obtained results show that CuO 

nanoparticles added in engine oil exhibits good friction 

reduction and anti-wear properties and also decreased the 

coefficient of friction by 24% and 53% at 0.5wt% 

concentration respectively, as compared with standard 

engine oil without CuO nanoparticles. [3] 

Shubrajit Bhaumik et.al. (2014) investigated the 

antiwear and extreme pressure properties of multiwall 

carbon nanotube based mineral oil. The samples were tested 

for their antiwear and load bearing capacity according to 

ASTM G99 and ASTM D-2783 standards. The wear test 

results show a decrease wear in case of multiwall nanotube 

based mineral oil as compared with pure mineral oil. [4].  

Ehsan-o-llah Ettefaghi1 et.al. (2013) studied the 

Experimental evaluation of engine oil properties containing 

copper oxide nanoparticles as a nanoadditive. The properties 

of lubricants are mainly the result of adding a material for 

improving or producing the required properties. The purpose 

of the present research is to add copper oxide (CuO) 

nanoparticles to engine oil and evaluate the produced 

changes in some of its properties. Also, viscosity, pour 

point, and flash point of nanolubricants, which are made at 

different concentrations (0.1, 0.2, and 0.5 wt.%), and also 

their thermal conductivity coefficient as four quality 

parameters which are effective in the functionality of engine 

oil are evaluated. [5]  

Juozas Padgurskas et.al. (2013) studied the 

Tribological investigations on lubricating oil containing Fe, 

Cu and Co nanoparticles and their combinations. The 

tribological tests showed that every set of nanoparticles 

significantly reduced the friction coefficient and wear of 
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friction pairs. The use of Cu nanoparticles provides the most 

effective reduction of friction and wear in each combination 

of nanoparticles. The SEM micrographs and EDX chemical 

investigation confirmed the formation of a tribolayer 

composed of the elements from the nanoparticles. [6]  

S. Syahrullail et.al. (2013) tested properties of palm 

fatty acid distillate mixed in mineral oil.The mixing 

percentage varies from 5% to 25% of the total mass. Testing 

was conducted using four-ball tribotester accordance with 

the (ASTM) standard 4172. The results show that by mixing 

a 20 % total mass of palm oil in the mineral oil, the 

coefficient of friction reached its lowest value. From these 

results, it can be concluded that the performance of the 

mineral oil could be improved by mixing it with vegetable 

oil. [7]  

M.Asrul et. al. (2013)  studied the wear and friction 

properties of surface modified CuO nanoparticles 

suspension in liquid paraffin have been studied. Wear 

characteristics were evaluated using four-ball machine The 

lowest friction coefficient was 0 obtained for a nanoparticle 

content of 0.2% CuO and the highest was for a 3% CuO 

concentration for liquid Paraffin + CuO without 

modification suspensions. [8]  

Sudeep Ingole et.al. (2013)  examined the effects of  

titanium dioxide additives on  the lubricated friction and 

wear behavior of E52100 bearing were investigated using a 

reciprocating pin-on disk equipment. The additives were 

titanium dioxide (TiO2), in the form of anabases, and TiO2 

(P25) which contains a mixture of rutile and anabases phase.  

All concentrations of P25 improved the coefficient of 

friction, but the addition of TiO2 nanoparticles reduced the 

variability and stabilized the frictional behavior. [9].  

Helong Yu et.al. (2013)  examined Surface-

modified serpentine powders with an average size of 

dispersed into mineral base oil to advance the lubricating 

properties of oil. Results show that a Nanocrystalline 

tribofilm, with a thickness of 500–600 nm, is formed on the 

worn surface under the lubrication of oil with serpentine 

[10] 

II. MATERIALS AND METHOD 

A. Materials 

1) Base oil –  

The mineral oil of SAE 10w30 had been chosen as it is 

being used in Two Wheeler engine. 

2) Additives  

 Nickel Oxide (Nio) 

 
Fig. 2: Nickel oxides (Nio) Nanoparticle 

Nickel oxides (Nio) Nanoparticle 

Appearance Grey powder 

Purity 99%(metal basis) 

APS 20 nm 

SSA 60-100  m2 /g 

Morphology Nearly Spherical 

Bulk Density g/cm3 

Table 1: Specification of Nickel oxides (Nio) Nanoparticle 

B. Apparatus 

1) Magnetic stirrer. 

This Equipment is used to satire the base oil and 

nanoparticles additive. This work on principal of 

magnetism. Put glass jar on top side of plat with steel pin. 

When we start the machine .due to magnetism the pin rotate. 

 
Fig. 3: Magnetic stirrer. 

C. Four ball tester. 

This set up is used for testing of wear & extreme pressure. 

specially Ducom make such system. Fig 4 shows setup of 

ball fitting.  

 

 
Fig. 5: Four ball tester test section, mfg.by Ducom, 

Bangalor, India. 
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D. Preparation of testing materials  

The conventional method magnetic stirrer mixer was used 

for Preparation of nanolubricants which is seen previously. 

The concentration of nanoparticles with 10W30 engine oil 

was prepared to 0.5 wt. % and 1.0 wt %.shown in Table. II 

Samples Title 

Content of 

nanopartic

le(g/100 

ml) 

1 SAE 10W30 --- 

2 SAE 10W30 +Nio 0.5 

3 SAE 10W30 +Nio 1.0 

Table 2:  Sample Preparation of nanoparticle. 

III. EXPERIMENTAL 

A. Viscosity test.  

Kinematic viscosity of the base oil and also nanoparticle 

lubricant samples which were made at (0.5 wt. %)  different 

concentrations, were measured on the basis of American 

Society for Testing and Materials Redwood viscometer 

(ASTM) D-445.In this test 100ml of oil was used for each 

test. 

The each test taken 500, 600 and 700 C also each 

test was repeated three time and the measured results are 

shown in table IV. 

Sample 500C 600C 700C 

1 54.28 47.17 26 

2 56.28 33.16 29.97 

5 56.5 37.24 32.93 

Table 3. Kinematic viscosity results 

 
Fig. 6: Graph of kinematic viscosity of nanoparticle 

additives with SAE10W30 oil at various temperatures. 

The rate of oil resistance against flowing is called 

viscosity. The obtained results are shown in table IV and fig. 

6 shows line  graph of kinematic viscosity at 500C , 600C 

and 700C. The highest amount of increase in viscosity with 

respect to the SAE 10W30 is 56.28 cst. and lower amount at 

29.97.   

B. Tribological tests 

The tribological test was done with the help of four ball 

tribotester TR-30L-IAS (MFG. by DUCOM, Bangalore, 

India). All test components compulsory clean before and 

after each test by using acetone. The wear tests were 

performed at ASTM D4172B ,speed 1200rpm, load 40kg 

(392 N), Temp- 750C and test duration 1 hour shown in 

fig.12 the four bearing steel ball 12.7 mm diameter were 

used for this test.  

 
Fig. 07: ASTM D4172B conditions of tribotester. 

IV. RESULT AND DISCUSSION 

Wear 

sample 

Composition of 

sample 

Wear scar diameter 

(µm) 

Average Diameter 

W1 SAE 10W30 563 

W2 
SAE 10W30 +0.5 % 

Nio 
363 

W5 
SAE 10W30 +1.0 % 

NiO 
379 

Table 4: Results of wear test 

 
Fig. 08: Graph of WSD 

 
Fig. 09: SEM micrograph image on SAE 10W30 ball under 

lubricated. 

 
Fig 10: SEM micrograph worn surface on SAE 10W30 +0.5 

Wt % Nio  ball under lubricated. 
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The result shows that the concentrated nanoparticle 

in base oil possesses outstanding anti wear property decease 

not only  its reducing wear scar diameter but also  decrease 

in coefficient of friction shown in fig.09 and fig.10 The 

lowest coefficient of friction was obtained at 0.5 % Nio 

blend with SAE 10W30 base oil. 

The wear scar diameter and coefficient of friction 

have been reduced by effectively at different concentration. 

The lowest friction coefficient (COF) was 0.07678 obtained 

from engine oil and the highest was 0.08018  from 1 wt. % 

NiO with 10W30   lubricating oil. Shown in table VII. 

 
Fig. 11: Graph of frictional torque (Nm) Vs time (sec) for 

sample W1 (SAE10W30 base oil) 

Sample Name Coefficient of friction 

1 0.07678 

2 0.0789 

5 0.08018 

Table 5 Coefficient of friction 

 
Fig. 12: Graph of Coefficient of friction for all test samples. 

So finally, it can be discus that NiO with SAE 

10W30 base oil and were shown the improved tribological 

results. 

V. CONCLUSION 

As a result the viscosity of nanolubricants were increase at 

higher temperature and finest results come Nio 0.5 % wt  

concentration. 

The wear scar diameter have been summary 

effectively at different concentration. The lowest friction 

coefficient (COF) was 0.07678 found. 

All nanolubricants decreased the average friction 

coefficient and wear with respect to SAE 10W30 lubricating 

oil. and if percentage of nanoparticals increases the wear of 

ball.  The friction reduction was between 25 % at certain 

limit. 
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