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Abstract: Energy wastage due to frictional loses is one of the great concerns in present day life. To prevent such losses and to meet 

energy demands of common people, tribology has an important role to play. Here, in this review paper we have provided an insight about 

the various tribological parameters and the ways to improve the performance of materials for better tribological function. Surface 

modification of nanomaterials and the role of capping in improving the tribological properties, has been discussed with some real-time 

examples. Further, importance of metal and metal oxide based nanomaterials and their composites with organic moieties in tribology, 

have been thoroughly discussed in this review paper. 
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1. Introduction  
 

Currently, tribology is an important field to minimize the 

energy losses due to friction and has become a challenging 

issue in the present scenario. Worldwide research is going 

on to combat energy wastage due to friction so as to meet 

the energy demands of the people. The advancement of 

tribology has attracted a surge of attention from both the 

academic and business worlds, which is important for the 

growth of the global economy and human civilization. 

Addition of suitable materials to the lubricants has been 

proven a useful way to reduce friction between the two 

sliding surfaces. Among different lubricant additives, nano-

materials like Fe, Cu, Co etc. have been proven potent 

candidates in this field due to their small particle size [1-2]. 

Modification of surface of nanoparticle by suitable capping 

agents is another way to improve the tribological properties 

of the lubricant additives which have reduced friction to 

large extent [3]. Jingfang et al. has reported a significant 

enhancement in the tribological properties of Cu 

nanoparticle when the surface was modified with 

dialkyldithiophosphate [4]. The enhancement in the antiwear 

ability of modified copper nanoparticles as lubricant additive 

in liquid paraffin is attributed to the surface modification 

that has resulted in different interactions with the surface of 

the friction pairs during the friction.  

 

Here in this review paper, we have briefly explained the 

various tribological parameters like wear, friction, etc. and 

the various ways to improve the performance of materials 

for better tribological function. Surface modification of 

nanomaterials and the role of capping agents in improving 

the tribological properties, has been discussed with some 

real-time examples. Effect of surface modification on the 

tribological properties of materials along with some real-

time examples of composite materials having phenomenal 

properties towards the development of tribology, is mainly 

highlighted in this review paper. Further, importance of 

metal and metal oxide based nanomaterials and their 

composites with organic moieties in tribology, have been 

thoroughly discussed in this literature review. 

 

Lubrication 
The lubricating properties of materials are of great scientific 

interest. Lubrication has to play great role in the systems 

involving moving surfaces to reduce the wear and frictional 

losses. The materials, in which molecular structures are 

allowing the particles to slide, are potent candidates in the 

field of lubrication. The main purpose of lubrication is: 

 To form lubrication film between the two sliding surfaces 

to reduce wear and tear. 

 To reduce noise or friction. 

 To prevent overheating of bearings  

 To prevent foreign material penetration, rust, and 

corrosion 

 

There are a vast number of materials like graphene, carbon 

nitride, molybdenum disulphide, tungsten disulphide, zinc 

oxide etc. [5-6], which have phenomenal lubrication 

properties but layered materials like graphene, carbon nitride 

etc. are of particular importance due to the presence of 

loosely bound graphite layers that can slide easily over each 

other like a pack of cards during their lubrication action [7]. 

Tribology plays an important role in the industries where 

specific oils are used to control wear and friction of the 

surfaces in mutual contact like bearings, seals, and gears. 

Worldwide research is going on to improve the tribological 

properties of the systems and in this field nanoparticles as 

lubricant additives have been found quite efficient to 

improve the performance of the lubricants properties like 

load carrying capacity, coefficient of friction (COF), wear 

scar diameter (WSD), etc. [8]. The efficient tribological 

properties of nanoparticles are attributed to the small size of 

nanoparticles which allows them to fill the extremely small 

surface roughness. 

 

Metal and metal oxide based nanoparticle as lubricating 

additives have been found to possess excellent tribological 

properties. Among different metal nanoparticles, 
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nanoparticles of aluminum, silver, and copper nanoparticles 

are widely used in tribological applications [9-11]. 

 

Four different possible mechanisms have been provided by 

different researchers to explain the friction reducing 

properties of nanoparticles during the process of lubrication 

[12-15]. Some researchers believe that the nanoparticles 

possess micro-bearing effect where nanoparticles provide 

rolling friction when they enter the contact area of sliding 

components. Another possible mechanism involves 

formation of a protective film in between the two sliding 

surfaces. Nanoparticles as lubricant additives can also be 

considered as polishing agents to reduce the roughness 

between the surfaces sliding over each other while as some 

researchers believe that the nanoparticles with a small size 

and low melting points fill or melt to repair cracks to reduce 

the friction. Nanoparticles of metals, metal oxides, and the 

composites involving nanoparticles not only improve the 

tribological properties of lubricating oil, but at the same 

time, are environmental benign in nature and can be used 

without deteriorating effects on the living systems.  

 

Role of surface modification in lubrication 

Surface medication is a simple and easy method to improve 

the lubrication properties of lubricant additives.  Surface 

modifications promote tribological properties by changing 

the overall friction behavior of the surfaces, preventing 

agglomeration and enhancing stability of the sample 

particles [16]. Some important examples where capping of 

materials by suitable surface modifying agent has resulted in 

the enhancement of tribological properties of the lubricant 

additive have been discussed in this section. 

 Many metal oxide particles are widely employed as 

lubricant additives, especially for zinc oxide (ZnO) with 

high surface energy, strong adsorption and diffusivity. 

ZnONPs modified by oleic acid show a better anti-

friction and wear resistance performance under 

lubricating conditions subject to different loads [17].  

 Surface modification of MoS2 nanosheets by n-octadecyl 

mercaptan was not only effective for friction-reducing 

and antiwear additives but at the same time stability of 

suspension was enhanced to a greater extent after surface 

modification. A surface modified MoS2 was found to 

display dramatic reductions in the coefficient of friction 

and wear which is attributed to the formation of a 

boundary protection film during tribochemical reactions 

[18].  

 Surface of Cu nanoparticles was modified by 

dioctylamine dithiocarbamate and the tribological 

properties of the modified Cu nanoparticles as lubricant 

additive were explored with a four–ball machine. 

Tribological results revealed that modified Cu 

nanoparticles having small particle size, possess 

excellent antiwear ability which is due to the deposition 

of nano-Cu on worn steel surface [19]. 

 In a similar study surface of palladium nanoparticles was 

modified with tetrabutylammonium chains by Abad et al. 

using a ball-on-disk tribometer [20]. A significant 

improvement in the tribological properties was witnessed 

due to tetrabutylammonium acetate which is supposed to 

form a protective transfer film comprised of metallic Pd.  

 Synthesis of cerium borate nanoparticles was carried out 

via sol-gel method and the surface of the particles was 

modified by oleic acid [21]. The results obtained from 

the tribology experiments revealed that there is a 

significant improvement in anti-wear properties as well 

as in the coefficient of friction after surface modification 

of the nanoparticles. Some important surface modified 

materials used in the field of tribology to reduce friction 

between the surfaces are presented in the table 1.  

 

Table 1: List of surface modified materials used in the field of tribology 
Material Capping agent Role Reference 

Zinc borate 
Hexadecyltrimethoxysil

ane and oleic acid 

Caping plays an important role in the outstanding anti-wear property of the 

composite. 
22 

zinc borate sorbitol monostearate 
50% reduction of friction coefficient and a 10% drop of wear scar diameter were 

observed 
23 

SiO2 

nanoparticles 
Silane 

Results show that the interactions between nano-SiO2 and modifier are purely 

covalent Surface modification has improved dispersivity, stability and tribological 

properties. 

24 

 

TiO2 

nanoparticle 
Oleic acid 

Oleic acid surface-modified TiO2 nanoparticles possess excellent load-carrying 

capacity, antiwear and friction reduction properties 
25 

SiO2 

nanoparticles 
Oleic acid 

Surface-modified nanoparticles as lubricant additives have better antiwear and 

antifriction properties than the pure paraffin oil besides, having exhibiting good 

dispersivity and stability in liquid paraffin. 

26 

CuO 

nanoparticles 
Oleic acid 

Significant improvement in the wear properties (wear scar diameter and co-efficient 

of friction) was obtained after coating CuO nanoparticles with oleic acid. 
27 

 

Brief overview of lubricant materials  

A vast number of materials especially nano-composites of 

metal oxides have been used in the field of tribology. Some 

of the important materials possessing phenomenal 

tribological properties have been discussed in this section.  

 Prasad et al. investigated tribological characteristics of 

tungsten disulfide (WS2)–zinc oxide (ZnO) composite 

from ambient to 500 °C using a ball-on-flat tribometer.  

Friction tests were conducted on nanocomposite 

films containing 50% by weight of the oxide and 

comparison measurements were made on pure 

WS2 films under identical conditions. A significant 

reduction in the coefficient of friction for WS2 was 

obtained both at 300°C as well as at room temperature. 

However, when temperature was increased to 500°C, 

the friction coefficient of pure WS2 films increased to 

0.50 [28]. Further, it was reported by Haltner and Oliver 

[29] that significant improvements in maximum load 

carrying capacity of molybdenum disulfide can be 

improved with the use of selected sulfide additions by 
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facilitating the formation of smoother films on the 

counter-face.  

 Qiang et al synthesized monodispersed and hydrophobic 

ZnO/Al2O3 composite nanoparticles via sol–gel method 

and the tribological properties of the 

ZnO/Al2O3 composite nanoparticles were studied. The 

tribology results revealed that the coefficient of friction 

and the wear scar diameter are decreased by about 

37.5% and 26.2%, respectively compared to pure 

lubricating oil. ZnO/Al2O3 composite nanoparticles 

were found to have excellent antifriction and antiwear 

properties. It is assumed that the excellent lubricating 

properties of ZnO/Al2O3 composite are not only due to 

turning the sliding friction into rolling friction, but also 

due to the formation of a hard Al2O3 protective film 

onto the thrust-ring surface containing 

ZnO/Al2O3 nanoparticles. [31].  

 Surya et al. investigated tribological performance of 

Graphene in Phenolic based composite and the results 

revealed that the Graphene filled Phenolic composite 

possesses high friction stability, besides, exhibiting 

excellent friction-fade performance and friction-

recovery performance. They also reported that the wear 

resistance of the graphene composite is much higher 

(about three times) than the graphite based composite 

which is attributed  to the stabilization of the tribo-film 

formation on the surface by graphene [32]. 

 In another study, Abdullah carried out surface 

modification of WO3, TiO2 and ZnO nanoparticles by 

different capping agents like Tween-20, Tween-60, 

Span-20 etc. The tribological properties of capped 

nanoparticles were studied using pin-on-disc tribometer. 

The results show that the capped nanoparticles can be 

used as an efficient additive biodiesel and can be used 

to overcome the problem of wear and friction in the 

normal diesel engines [33]. 

 Qiang et al. used ultrasonic dispersion method to 

introduce ZnO and Si3N4 nanoparticles into the grease 

matrix and after characterization by various techniques, 

tribological properties of the composite grease were 

studied. Tribological results revealed that the best 

lubrication performance was achieved 1 wt% ZnO and 

0.5 wt % Si3N4. Under these conditions a significant 

decrease in the friction coefficient (0.0701) and wear 

scar diameter (0.727) was observed which is 34.3% and 

8.3% lower than that of the base greases, respectively. 

Surface morphology of composite is supposed to play 

an important role for enhancement in the antifriction 

property. Excellent lubrication and antifriction 

properties of the composite signifies its prominent role 

in noise and temperature rise for high speed bearings. 

[34].  

 Harshit et al. synthesized graphene nano-platelets 

(GNP) using a liquid phase exfoliation method to 

produce well dispersed silica–GNP composites. 

Tribological properties of the silica–GNP composites 

were explored with different volume percentages of 

GNP. From the tribological results it was found that an 

optimum concentration of GNP provides a significant 

lubricating effect to the silica matrix which plays a 

prominent role in improving the tribological properties 

of the nano-composites. [35]. 

 Kang et al. synthesized TiAl-based materials via spark 

plasma sintering method and the mechanical and 

tribological properties of the composite were 

investigated using a ball-on-disk tribometer and the 

nano-mechanical tester. Effect of the weight 

percentages on the tribological properties was studied 

and a comparative analysis was carried out. When 

graphene nanosheets were combined with TiAl-based 

material an excellent mechanical properties were 

obtained which is mainly attributed to the formation of 

lubrication film. [36].  

 Nan et al. prepared 3D graphene using calcium ions as 

the cross-linker and melamine foam as template and 

explored the enhanced tribological properties of 

graphene/epoxy composites. The results revealed that 

there is about 1015.52% increase in the thermal 

conductivity of the composite as compared to the silica-

filled epoxy. Further, the coefficient of friction and 

wear rate of the composites was reduced to 0.29 and 

0.19 × 10
−5

 mm
3
/N∙m respectively. This dual-network 

model provides a new strategy to develop new solid 

lubricating materials with excellent thermal and 

tribology properties [37]. 

 Yazdani et al. investigated tribological performance of 

the hot-pressed pure Al2O3 and composites of Al2O3 

with graphene nano-platelets (GNP) and carbon nano-

tubes (CNTs) under different loading conditions using 

the ball-on-disc method. Compared to pure Al2O3, the 

composite containing 0.5 wt % GNP shows a 

remarkable reduction (23%) in the coefficient of friction 

and a significant reduction (70%) in the wear rate. The 

excellent wear resistance property of the composite is 

attributed to the coordination between GNPs and CNTs 

where GNPs is supposed to play an important role in the 

formation of a tribofilm on the worn surface by 

exfoliation and CNTs is expected to improve the 

fracture toughness and prevent the grains from being 

pulled out during the tribological tests. [38] 

 Shuai et al. synthesized reduced graphene oxide/ZnS 

(RGO/ZnS) composites using a facile and 

effective hydrothermal method in order to improve the 

tribological properties of epoxy coatings through 

surface modification. ZnS nanoparticles were uniformly 

dispersed on RGO nanosheets with the diameters of 

several decade nanometers. The tribological behavior of 

RGO/ZnS composite had better lubricating properties 

than those of ZnS or RGO. Moreover, the test results 

indicated that composite had good stability at higher 

applied load. The excellent tribological properties of 

RGO/ZnS hybrids were attributed to the excellent 

synergistic effects between ZnS nanoparticles and RGO 

[39]. 

 Lu A et al. evaluated layered compound 

ZnS(NH2CH2CH2NH2)0.5 as an additive in grease using 

four ball tester. The results revealed that 

ZnS(NH2CH2CH2NH2)0.5 grease has good load bearing 

ability and excellent anti-wear properties. The worn 

surfaces were analyzed with SEM, EDS, 3D, and XPS. 

The improvement in anti-wear property may be 

attributed to two-dimensional structure of 

ZnS(NH2CH2CH2NH2)0.5, where easier sliding is on 

account of larger interspaces. Owing to simple synthetic 

method and superior tribological properties, 
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ZnS(NH2CH2CH2NH2)0.5 holds great potential for use in 

demanding industrial applications in the future as a 

grease-based additive [40]. 

 

2. Conclusion 
 

This study of technological developments has revealed that 

tribology research has grown quickly in recent years and that 

its use is becoming more widespread in other domains of 

research. This review aims to conceptualize various 

parameters of tribology like friction; lubricants, wear etc. 

and their importance to conserve energy and improve the 

environment and quality of life. Effect of surface 

modification on the tribological properties of materials along 

with some real-time examples of composite materials having 

phenomenal properties towards the development of 

tribology, is mainly highlighted in this review paper. 

Further, importance of metal and metal oxide based 

nanomaterials and their composites with organic moieties in 

tribology, have been thoroughly discussed in this literature 

review. A brief overview about the various composite 

materials used by different researchers in the field of 

tribology has been provided at the end of the review paper. 
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