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Abstract 
 
The pressure to perform at its best, to achieve higher efficiency can 

complicate your system. They can create the need for a mechanical system 

that works continuously without failure. The lubrication process is an 
important component for the efficient operation of a mechanical system. This 

prevents the loss of energy in the form of friction and wear. Traditional 

lubricants need to be improved to meet current requirements. Synthetic 

lubricants pose a threat to the environment. So, there is a need for more 
efficient lubricant arises.This review mainly focuses on showing the effect of 

nano particles on the performance of lubricating oil. Many nano particles 

such as Cu, CuO, Al, Al2O3, Diamond, Carbon tube (CNTs), etc. have been 
studied by various researchers in the last three decades. This review can 

show that the performance of lubricating oil is highly dependent on the size, 

shape and type of nano particles as well as the base oil. Spherical shapes, 

smaller in size nano particles show a positive effect on lube oil capabilities. It 
can also give a better understanding about the lubrication system and a 

clearer picture about the performance attributes of nano-lubricants. 
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1 Introduction 
 

 In any mechanical systems loses reduce the efficiency and workability. 

Loses in the form of friction have the adverse effect on the system. To 

prevent the wear and frictional loses an element termed as lubricant enter 

force between the two tribological surfaces. Lube oil contains 90% of 
hydrocarbon and rest is additives which played important role in its behavior. 

Organic phosphorous and sulphide compounds have played positive roles as 

friction modifier and wear resister [1].Conventional lubricating oils are 
lagging in the current requirements of advance mechanical systems and also 

have a bad impact on the environment. Lube oil is a continuously changeable 

component of any mechanical system according to the life of the oil. This 
frequency is excessive depending on the performance of the lubricating oil. If 

the lubricant is performing its role efficiently, it will not be replaced again 

and again. So, it will pollute the environment less. Asoils produced from 

crude oil have a negative impact on the environment, cause serious 
contamination of soils, groundwater, and can accumulate in plant tissues as 

well as terrestrial and aquatic animals[2]. It is the prior need to reduce this 

pollution upto certain level if total elimination is not possible. So,it canbe 
said that if the performance of lubricating oil improves, it can reduce the 

frequency of lubricating oil change and reduce lubrication related pollution. 

 Advancement in the performance of lubricants has been studied by 

various researchers worldwide for the last two decades. In the same order 
Nano particles like Cu, CuO, Al, Al2O3, Diamond, Carbon tube (CNTs), etc. 

are added to the lubricant and its performance is investigated. Normally the 

size of the particles is less than 100 nm. Many researchers quote, Nano 
particles within the lube oil is not only act as the friction modifier but also, 

they had a positive impact on the its thermal requirements [3].  

 On the basis of nano particle interaction within the tribological surfaces, 
four mechanism are studied by the different researchers[4]. First, nano 

particles of the spherical shaped act as the tiny balls in between the 

tribological surfaces, which changes the sliding action into the rolling action 

results in the reduction of coefficient of friction (COF) [4],[5],[6],[7]. 
Second, sometimes nano particles forms a protective layer over the mating 

surface [8],[9],[10],[11],[12].Third, nano particles fills in the asperities and 

friction cracks results in smoother surface; termed as mending effect [13]. 
Forth, Surface roughness cuts down due to abrasive action of nanoparticles; 

termed as polishing effect [14]. 
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Rolling effect Protective film 

  

Mending effect Polishing effect 

Figure 1: Nano lubrication mechanism 

 
 Nano particles could be used as add-on in diesel and biodiesel to improve 

the fuel efficiency, performance of engine, exhaust emission, combustion etc. 

[15],[16],[17]. They were also effective in the area of heat transfer [18],[19]. 
 As many researchers work on improving the performance of lubricating 

oil. Their contribution needs to be summarized. So, thisreview summarizes 

their results. It compares the size, shape and type of nano particles for nano 

lubricants. At the same time the effect of base oil and minimum value of the 
coefficient of friction is compared.This review provides a guideline and a 

comparative study between nano particles. The optimum composition of 

nano particles as well as the minimum value of coefficient of friction provide 
clear guidelines for the use of nano particles. The decrease in friction 

coefficient indicates an obvious need for nano particles in lubricating oil. 
 
2 Literature Review 
 
 Nano lubricant is basically a homogenous mixer of Base oil, nano 

particles and additives like surfactant etc. Many researchers quote that there 

is an increase in performance of lube oil after mixing the different nano 
particles. On the basis of many numbers of research articles, there is a 

remarkable effect of nano particles size, shape and quantity on the 

performance of lube oil. 

 
2.1 Effect of Nanoparticles Morphology 

 

 Nano particles are spherical, tubular, rectangular and irregular in shape. 
Shape other than the sphere is less studied by the researchers. Since rolling 

friction is less than sliding friction, this may give the opportunity to reduce 

the coefficient of friction by converting sliding movement to rolling 

movement. Fig. 2 shows the statics of shape covered by the researchers. 
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Figure 2 Statics of nanoparticles morphology. 

 
 Nanotubes and nanosheets are mainly made with the carbon and its 

derivative due to the layered structure of its. Boron Nitride (BN) is studied in 

the hexagonal form [20]. Shapes like disk, flakes and flower is mention 
under the others category in fig. 2. Statics shows nano particles with the 

spherical shapes have improve the performance of lube oil. 

 Many researchers believe that the size of nano particles affects the 

performance of lubricating oil. So, the studies have covered several shapes. 
Spherical-shaped nano particles cover 66% of the total study. Nanosheets 

12%, tubular size 8%, hexagonal 7%, diamond size 2% and other 5% have 

been investigated by previous researches. These statics clearly show that the 
use of spherical nano particles accounts for more than half of previously 

studied studies. Spherical nano particles have a positive effect on lube oil 

throughput performance. Many studies done on self-made nano particles. In 

the case of self-made nano particles, the shape of the particles is not 
completely spherical due to limitations. but they able to improve the 

performance of lube oils. 

 Nano particles shape comparison is covered by the different researchers 
but effect of the shape with load carrying capacity is uncovered. Positive or 

negative effect of the multiple shaped nano particles is rarely seen. 

 
2.2 Effect of Composition of Nanoparticles 

 
 Nano particles type also effects the performance of lube oil. There are 
many types of nano particles studied by the different researchers like metals, 

metal oxides, sulfides, carbons and its composites etc. In some cases, 

nanocomposite is also studied. Nanocomposite gives the advantage of two or 

more nano particles at the same time. Table 1 shows the nano particles 
composition as an additive. 
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Table 1: Summary of nanoparticles as an additive. 

Types Nano Particles 

Metals Bi, Co, Cu, Fe 

Metal oxide Al2O3,TiO2, ZnO, CuO 

Sulfides WS2, MoS2 

Carbon and its derivatives Graphene, Diamond, SWCNT, MWNTs 

Nanocomposites Al2O3/SiO2, Al2O3/TiO2, Cu/graphene oxide, 
WS2/MoS2 

Others SiO2, BN, Zeolite, CaCO3 

 Metallic nano particles are soft in nature. Due to the mending effect of Cu 
nano particle it provides a protective layer over the tribological surfaces [13]. 

Which protects the surfaces from wear and tear, and also lowers the 

coefficient of friction.Nano particles of metal can be seen in all four 
mechanisms of nano particles.In case of oxides and sulfides, they are the 

hard-tiny bolls which provides the rolling motion in between the tribo 

surfaces results the lower coefficient of friction. Carbon and its component 
are softer non-metals used as additives in lube oil due to its layered structure. 

 

 
 

Figure 3: Statics of nanoparticles as lubricant additive. 
  

 Fig. 3 shows the types of the nano particles covered in previous 

researches. Trends shows metal and metal oxide are mainly studied in 

comparison to other nano particles. Nano particles are equally covered with 
every block such as metals, metal oxide, sulfide etc. Statics include metals 

18%, metal oxides 26%, sulfides 15%, carbon and its derivatives 11%, 

nanocomposite 11% and other 17% mentioned in previous studies. SiO2 and 
BN are mainly studied in the other section. 
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 On the basis of this review nearly 66% study is mainly concerned with 

single nano particles. In this, performance of single nano particle is 

evaluated. Some of them taken two or more nanoparticles for the comparison 
of its performance. Very few worked with the composite type nanoparticles. 

There is a gap of comparison between nanocomposites and single or multiple 

nano particles. Comparison of different types like metal, metal oxides and 
sulfides etc. is less covered. 

 

2.3 Effect of Base Oil 
 

 Base oil is the main component of nano lubricants. The quality and 

composition of the base oil is directly related to its performance. There are 

various base oils covered by various researchers. Table 2 shows to what 
extent the nano particle can reduce coefficient of friction and ultimately 

improve the performance of lubricating oil. 

 
Table 2: Summary of nanoparticles with base oil and minimum value of COF. 

S. 

No. 

Nano 

Particles 
Size Base Oil 

Minimum COF with 

composition 
Ref. 

1  Al2O3 78 nm VI 95  

0.055 in four ball 

tester and 0.047 in 

thrust ring with 0.1% 

of Al2O3 

[21] 

2  
Al2O3 and 

TiO2 

Al2O3: 8-

12 nm 

TiO2: 10 
nm 

Engine oil 

(5W-30) 

0.036 (Lube Oil + 

0.25% of Al2O3) 

0.038 (Lube Oil + 
0.25% of TiO2) 

[22] 

3  
 

Al2O3/SiO2 

Al2O3: 

13 nm 

SiO2: 30 

nm 

Polyalkylene 

Glycol 

(PAG 46) 

0.0652 at 0.06% of 

Al2O3/SiO2 
[23] 

4  Al2O3/TiO2 75 nm VI 95 

0.051 in four ball 

tester and 0.047 in 

thrust ring friction 

test with 0.1% 

Al2O3/TiO2 

[24] 

5  Bi 
7 and 65 

nm 

BS900 

(heavy base 

oil) and 

BS6500 
(light base 

oil) 

In BS6500 COF 

from 0.091 to 0.052 

(for 900 mg/L) and in 

BS900 from 0.074 to 
0.047 (for 310 mg/L). 

[25] 
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6  BN  

100-120 

nm 
Epoxy 0.06 with 0.5% of BN [26] 

150 nm 

Poly alpha 

olphaline 

(PAO) oil 

0.12 for borided 

surface 
[27] 

Diameter- 

120 nm  

Thickness

- 30 nm 

SE 15W-40 0.01 with 0.1% of BN  [28] 

7  CNT 

Length: 3 

-15 nm 

Dia.:10 -

20 nm 

Caster Oil 
0.039 with 0.02% of 

CNTs 
[29] 

8  
Cu 

 

Not 

Mentione
d 

Diesel engine 

oil SAE 30 
and 40 

0.075 with 3% of Cu [30] 

20 nm 
Mineral oil 

SN 650 
0.055 with 1% of Cu [31] 

20 - 130 

nm 
500SN Mending effect shown [13] 

Not 

Mentione

d 

5W- 40, 5W-

40 and 5W-

20 

CAL-1 (5W- 40) - 

0.085 at 0.6% 

CAL-2 (5W-40) - 

0.055at 0.8% 

CAL-3 (5W-20) 0.05 

at 1.6% 

[32] 

25 nm Avocado oil 0.022 at 1% of Cu [33] 

9  
Cu/graphen

e oxide 
5 - 10 nm 

Liquid 

paraffin 

Sc-Cu/GO composites 

shows great 

tribological properties 

as compare to base oil, 

nano particle with Cu 

and GO 

[34] 

10  CuO  

 50 nm 
Liquid 

paraffin 
0.2 with 0.2% of CuO [35] 

50 nm 
Caster oil and 

paraffin oil 

0.04 (CO + 0.1% 
CuO) 

0.06 (PO + 1% CuO) 

[36] 

 

 

 

 

 

 

 

 

 

 



                                                                                                                  
 

 

 

 

 

 

4616 Anoop Pratap Singh et.al 
 

 

 

 

 

 

 

11  
MoS2 

 

MoS2: 50 -

100 nm 

Dioctyl sebacate 

(DOS) 

0.06 with 0.5% of nano 

MoS2 
[46] 

62 - 84 nm 

Pentaerythrityl 

tetracaprylate/caprate 

ester 

0.103 with 0.5% of SCMS 

LA 
[47] 

250 nm 
Plyolester and 
naphthenic oil 

COF with naphthenic-

based nano-oil with 1% 

concentration of 
nanoparticles presented a 

remarkable 86 per cent 

reduction. 

[48] 

≤ 2 µm 
Mineral base oil N-

150 

0.079 with 0.25% in four 

ball testers 

0.0226 with 0.25% in Pin 

on roller 

[49] 

12  MoS2 and SiO2 
MoS2:90 nm 
SiO2: 30 nm 

EOT5 Engine oil 0.045 with 0.7% of SiO2 [50] 

13  MWCNTs/ZnO 

MWCNTs 

OD: 20-30 

nm 

ID: 8-10 nm 

ZnO: 100 nm 

SAE 20W40 

Lube oil with nano particle 

having better tribological 

properties  

[51] 

14  Nano diamond 30 nm 
Mineral oil and PAO 
oil 

0.08 (Minral Oil with nano 

diamond gives least cof at 
low load conditions) 

[52] 

15  
Nano diamond 

and SiO2 

Nano 

diamond:  

110 nm  

SiO2: 92 nm 

Liquid paraffin 

0.074 for nano diamond 

(0.2%) 

0.075 for Sio2 (0.2%) 

[53] 

16  
Oxidized 

graphite flakes 

Not 

Mentioned 
10W40 

0.128 with 0.05 mg/ml 

with chemically modified 
[54] 

17  
SiO2 

 

102 ± 33 nm 
Rust and oxidation 

lubricant (R&O) 
0.06 with BO68 [55] 

58, 281, 684 

nm 
Liquid paraffin 

0.065 with 0.2% of SiO2 at 

58nm particle size 
[56] 

18  

Stearic acid-

capped cerium 

borate 

composite 

nanoparticles 
(SA/CeBO3) 

5 - 30 nm Rapeseed oil 
RP+SA/CeBO3 has the 

least COF (0.05) 
[57] 
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19  CuO and ZnO 

ZnO: 11.71 

nm CuO: 

4.35 nm 

Soybean oil 

Sunflower oil 

Mineral oil 

Synthetic oil 

(polyalphaoleifin) 

0.05 (Sunflower oil and 

soybean oil shows inverse 

effect on adding nano 

particle) 

0.095 (Mineral oil + Zno and 

sythetic oil + CuO) 

[37] 

20  CuO and Al2O3 ≤50 nm 
GL-4 (SAE75W-

85), PAO8 

0.125 (PAO8 + 1% Al2O3) 

0.111 (PAO8 + 2% CuO) 

0.125 (GL4 + 0.5% Al2O3) 

0.115 (GL4 + 0.5% CuO) 

[38] 

21  
CuO, TiO2 and 

Nano-Diamond 

CuO: 5 nm 

TiO2: 80 nm 

Nano-

Diamond: 10 
nm 

API-SF (VI100) 

engine oil and a 

Base oil (VI107)  

0.084 for API-SF (VI100) 

engine oil 

0.096 for Base oil (VI107)  

[6] 

22  Fe, Cu and Co 50 - 80 nm SAE 10 

Friction torque is minimum 

for SAE10+Cu, 

SAE10+fe+Cu and 

SAE10+FeCu in its own 

groups 

[39] 

23  
Graphene and 

MoS2 
2 µm Hydraulic oil 

MoS2 shows better 

tribological performance 
[40] 

24  

Graphene oxide 

nanoplates 

(GOPs) 

1.53 nm 4010 AL base oil 0.081 with 0.5% of GOPs [41] 

25  
Graphene 

sheets 
10 µm PAO 2 

COF lowest with 0.05% of 

Graphene sheets 
[42] 

26  
hBN 
 

70 nm, 0.5 

μm, 1.5 μm 

and 5.0 μm 

Avocado oil 0.015 with 70 nm [20] 

Not 
Mentioned 

API Group III and 
150N             

Polyisobutylene succinimide 
(PIBSI) is most efficient 

[43] 

70 nm 
SAE 15W-40 

diesel engine oil 

Maximum reduction of WSD 

at 800N with 0.5% 
[44] 

27  
hBN/calcium 

borate 

BN: 100 - 

200nm 

BCBN: 12 

nm 

Mineral-base oil 

(saturated 

cycloparaffin and 

paraffin 

hydrocarbon) 

Load-carrying capacity 

increased 

COF and Wear decrease as 

compare to BN Particle 

[45] 
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28  

Stearic acid-

capped 

cerium borate 

composite 

nanoparticles 

(SA/CeBO3) 

5 - 30 nm Rapeseed oil 
RP+SA/CeBO3 has the 

least COF (0.05) 
[57] 

29  
TiO2 

 

10-25 nm 

Engine oil 

Servo 

4T Synth 10W-

30 

0.015 with 0.3% of TiO2 [58] 

50 - 100 

nm 
API -1509 0.06 with 0.5% of TiO2 [59] 

20 nm Water 0.04 with 1.6% of TiO2 [60] 

30  TiO2/SiO2 35 nm 
Water and 

Soybean oil 

Nano particle presence 

shows inverse effect with 

emulsion in COF 

[61] 

31  
WS2 

 

Not 

Mentioned 

Polyalphaolefin 

- 4 

(PAO 4) oil 

0.075 ± 0.005 with 1% of 

WS2 coated nano particles 
[62] 

200 nm 
SN 90 and SN 

150 

The effect of IF-WS2 as a 

potential additive to base 

oils was investigated over 

a wide range of operating 

conditions 

[63] 

32  WS2/MoS2 100 nm 

MACs 
(Multialkylated 

cyclopentanes) 

and CPSO 

(chlorinated-

phenyl with 

methyl-

terminated 

silicone oil) 

0.05 with WS2/MoS2-

MACs  

0.06 with WS2–

MoS2/CPSO 

[64] 

33  ZnO 53 nm 
Epoxy resin 

(RE) 

Resign + nano particle + 

IL shows better 

tribological properties 

[65] 

 
 Based on this review, the list of nano particles covered is outlined in Table 

2. The size of nano particles and base oil are also mentioned with them. The 

minimum value of the coefficient of friction along with the optimal value of 
nano particle volume are also listed in the table. This review shows as 

smaller the size of nano particles imparts in lower the value of COF. One of 

the researchers states that SiO2 shows the best performance in the case of 58 

nm particle, when compared with other sizes of nano particles in the same 
position [56]. There are number of base oils like mineral oils as well 

synthetic oils, evaluated for their tribological performance. There is an 

improvement in performance for light medium and heavy-duty base oils. 
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 Minerals oils like avocado, castor etc. shows better performance after 

addition to nano particles.The use of mineral oil also attracts researchers due 

to its safe effects on the environment. But the same mineral oil is not in a 
position to completely eliminate the use of conventional lubricants.Table 

shows the minimum value of coefficient of friction with the value of nano 

particles where the minimum value achieved. Minimum COF with optimum 

values of nano particle can help in choosing base oil and nanoparticles based 
on their applications. 

 Performance evaluation is done by the different researchers but at the 

same time size comparison for the nanoparticles is less covered. Nano 
composites also have less cover. Comparison of mineral oils with long 

chained hydrocarbon base oils and synthetic base oils is rarely seen. 

 

3 Conclusion 
 

 Nano particles show a positive effect on the performance of lubricating 
oil. Spherical-shaped nano particles are more studied than others. Nano 

particles are characterized by their composition. Nano sheet and tubular 

structure are mainly studied for carbon and its derivative. Various types of 

nano particles are used in nano lubricants such as metals, metal oxides, 
sulfides, carbon and its derivatives etc. Almost all types of nano particles are 

studied equally. The minimum value of COF along with the optimal value of 

nano particles provides a guideline for selecting nano particles according to 
applications. This review cites important observations and research gaps that 

provide a clear picture about nanoluricants and its future. 
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