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Abstract 

Friction and wear between bearing surfaces are important reasons for failure of mechanical components. The search 

for new additives with excellent tribological properties has attracted considerable interest. In this paper, the friction 

and wear of steel surfaces are discussed. Graphene nano particles dispersing lithium grease were used as lubricant. 

Graphene addition is aimed to reduce the effect of sand particles, which is considered as the most abrasive component 

of white cement contaminating lithium grease, on friction coefficient and wear of steel test specimens. Experimental 

results show that a 0.4 wt. % graphene nano filler added to lithium grease gives good anti-friction and wear resistance 

performance, but the best tribological results of nano graphene appeared clearly after adding 10 wt. %  Polymethyl 

Methacrylate (PMMA) to the grease, which facilitated rolling of sand particles on the steel surfaces. Besides, the 

results indicates that lithium grease should be dispersed by 20 wt. % oil to balance the effect of contaminant. As the oil 

content, added to the grease, increased friction coefficient and wear decreased. 

 

Keywords: Graphene, Nano Technology, Friction, Wear, Grease, Solid contaminants, Sand, Cement 

plant, Lithium Grease, Polymethyl Methacrylate (PMMA). 

Introduction 

Friction, wear and fatigue are three most commonly encountered industrial problems leading to the 

replacement of components and assemblies in engineering [1]. The abrasive wear, [2], behaviour of many 

materials is closely related to their hardness. However, classical wear models do not take into consideration 

the contact scale dependence of hardness, an effect commonly known as indentation size effect (ISE). Scores 

of abrasive wear problems particularly those in the harsh environments involve remarkable breakage of the 

abrasive [3]. Abrasive wear of composite materials is a complicated surface damage process, affected by a 

number of factors, such as microstructure, mechanical properties of the target material and the abrasive, 

loading condition, environmental influence, etc. Microstructure is one of the major factors; however, its effect 

on the wear mechanism is difficult to investigate experimentally, [4, 5]. The operating environment in Middle 

East is particularly severe in terms of the high ambient dust concentrations experienced throughout the 

Eastern and Western Provinces. During severe dust storm conditions dust concentrations of the order of 100 

to 500 times higher may be encountered, [6]. Wear by hard particles occurs in many different situations such 

as with earth-moving equipment, slurry pumps or pipelines, rock drilling, rock or ore crushers, pneumatic 

transport of powders, dies in power metallurgy, extruders, or chutes. More particularly in the moon probe 

project, the sand dust environment contains small, angular and irregularly shaped particles that have 

demonstrated high wear and abrasion on mechanical and sealing systems. In abrasive wear, the material is 

displaced or detached from the solid surface by hard particles or hard particles between or embedded in one or 

both of the two solid surfaces in relative motion, or by the presence of hard protuberances on the counterface 

sliding with the velocity relatively along the surface. Therefore, one of the best alternatives to resolving the 

tribological problems of mechanical systems in sand-dust environments is to apply effective protective films 

with good wear resistance and friction-reducing capacity on the moving parts. The intention of this work was 

to elucidate the role of sand dust in determining the tribological performance of selected solid lubricant films. 
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The friction and wear behaviour of these films were compared and the influence of amount of contaminant 

examined. The effect of solid contaminants on the wear process for a cement factory was experimentally 

quantified. White Portland cement or white ordinary Portland cement (WOPC) is similar to ordinary, gray 

Portland cement in all respects except for its high degree of whiteness, [7]. Due to the large surface to volume 

ratios, nano/micro-structured functional materials have been predicted and demonstrated to be excellent 

functional material, [8]. Approximately, [9], 10 nm Fe3O4 magnetic nano-particles (MNPs), modified by 

oleic acid, were used as lubricant additives and dispersed into base oil. The tribological properties of 0.45% 

carbon steel were investigated in sliding contact against 440 C stainless steel lubricated with various 

concentrations of Fe3O4 MNPs. The results show that the coefficient of friction and wear – loss – volume can 

be reduced efficiently with addition of Fe3O4 MNPs. Nowadays, [10], different materials with various 

nanostructures are used as additives for improving properties of lubricants. The effect of multi-walled carbon 

nanotubes (MWCNTs) in different concentrations on some of the properties of engine oils was studied. 

Viscosity, pour point, flash point and thermal conductivity as four quality parameters, which are effective in 

functionality of engine oil, were also studied. Among the different methods, which have been applied for 

dispersing nanotubes inside the base oil, the functionalization method for carbon nanotubes and using 

planetary ball mill have been determined as the best methods for stabilization of nanotubes inside the SAE 20 

W50 engine oil. According to the obtained results, thermal conductivity and flash point of nano-lubricants 

with 0.1 wt. % improved by 13.2% and 6.7%, respectively, with respect to the base oil. Graphene is a kind of 

very promising filler, [11]. Graphene, [12], is a two dimensional one atom thick allotrope of carbon that 

displays unusual crystal structure, electronic characteristics, charge transport behavior, optical clarity, 

physical & mechanical properties, thermal conductivity and much more that is yet to be discovered. 

Consequently, it has generated unprecedented excitement in the scientific community; and is of great interest 

to wide ranging industries including semiconductor, optoelectronics and printed electronics. Graphene is 

considered to be a next-generation conducting material with a remarkable band-gap structure, and has the 

potential to replace traditional electrode materials in optoelectronic devices. It has also been identified as one 

of the most promising materials for post-silicon electronics. For many such applications, modulation of the 

electrical and optical properties, together with tuning the band gap and the resulting work function of zero 

band gap graphene are critical in achieving the desired properties and outcome. In understanding the 

importance, a number of strategies including various functionalization, doping and hybridization have 

recently been identified and explored to successfully alter the work function of graphene. In this review we 

primarily highlight the different ways of surface modification, which have been used to specifically modify 

the band gap of graphene and its work function. This article focuses on the most recent perspectives, current 

trends and gives some indication of future challenges and possibilities. 

Due to its atomic thickness (thinness), the wear of graphene in nanoscale devices or as a protective coating is 

a serious concern. It is highly desirable to develop effective methods to reduce the wear of graphene. In the 

current paper, the effect of a nano-lubricant, perfluoropolyether, on the wear of graphene on different 

substrates is investigated. The nano-lubricant is applied on the graphene by dip-coating. The friction and wear 

of graphene samples are characterized by nanotribometer. The results showed that lubricating 

silicon/graphene with nano-lubricant reduces the friction but increases the wear. However, lubricating 

nickel/graphene with nano-lubricant has little effect on the friction but reduce the wear significantly. The 

underlying mechanism has been discussed on the basis of the graphene–substrate adhesion and the roughness. 

The current study provides guidance to the future design of graphene-containing devices, [13]. 

Eperimental  Work 

Experiments were carried out using a cross pin tester, Fig. 1. It consists, mainly, of rotating and stationary 

pins of 18 mm diameter and 180 mm long. The rotating pin was attached to a chuck mounted on the main 

shaft of the test rig. The stationary pin was fixed to the loading block where the load is applied. AC motor 

drives the main shaft of test machine, (560 watts, 1280 r.p.m.) with reduction unit (1:7.5). Moreover, the test 
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rig is fitted by a load cell, to measure the frictional force generated in the contact zone between the rotating 

and stationary pins. Rotational speed was 170 r.p.m. and 10 N normal load was applied by means of weights 

attached to a loading lever. The rotating specimens were greased before and every 30 secs. during the test. 

The test time was 5 min. A digital screen was attached to the load cell to detect the friction force. Coefficient 

of friction is determined by the ratio between the friction force and normal load and wear is determined by 

measuring the scar diameter on the optical microscope and measuring depth of the dome, then, calculating the 

wear volume, Fig. 2. The test specimens are prepared from carbon steel (St. 60), (0.6 wt. % C, 0.25 wt. % Si, 

0.65 wt. % Mn, 0.045 wt. % P and 0.045 wt. % S). Experiments were carried out at 25 °C using lithium based 

grease dispersed by the solid additives of graphene nano particles, PMMA particles have grain size up to 150 

μm, and the grain size of sand which contaminated lithium grease is up to 150 μm. 

 

 

Fig. 1 Layout of cross pin wear tester. 

 

Figure 2 Wear volume parameters, [15]. 

A spherical cap or spherical dome is a portion of a sphere cut off by a plane due to wear, [15]. If the plane 

passes through the center of the sphere, so that the height of the cap is equal to the radius of the sphere, the 

spherical cap is called a hemisphere and could be seen in figure 2. 

If the radius of the base of the cap is a, and the height of the cap is h, then the volume of the spherical cap is: 
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Results and Discussion 

1. Addition of Synthetic Oil. 

Increasing sand content as a contaminant filling lithium grease, leads to increase friction between steel sliding 

surfaces, Fig. 3. In addition, the presence of sand particles disturbs the correct operation of lubrication 

mechanisms and consequently leads to noticeable fluctuations of grease film separation. Friction slightly 

increases with adding oil content, adding oil content makes good distribution to lithium grease at the contact 

area, and balance the effect of contaminants. This can be attributed to the improvement of the oil dispersion 

over the running surface. 

Wear values increase with increasing sand content, this phenomenon may be related to the higher abrasive 

action of sand due to its hardness and their irregular particles. Here, penetration of the sharp edges of sand 

particles can be considered as a reason for the occurrence of three-body abrasion mechanism. Adding 20 wt. 

% synthetic oil to lithium grease decreases the wear values, Fig. 4, because oil content facilitates the 

movement of sand particles, and makes good distribution of lithium grease between the rubbing surfaces. 

As conferred in Fig. 3 friction increases with increasing sand content in lithium grease. Because they have 

angular and irregular shapes. Sketch in Fig. 5 describes abrasive sand particles which contaminates lithium 

grease. The increase of sand content tends to increase the friction between the contact surfaces, this 

phenomenon may be related to the higher abrasive action of sand, due to its hardness. Here, penetration of the 

sharp edges of sand particles can be considered as a reason for the occurrence of three-body abrasion 

mechanism. 

 

Fig. 3 Friction values caused by rubbing sand 

against steel surface. 

 

Fig. 4 Wear volume of specimens caused by 

abrasive sand particles. 
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Fig. 5 Effect of abrasive sand particles on friction values. 

 

2. Addition of Synthetic Oil and Graphene Nano Particles. 

Filling lithium grease with 0.4 wt. % of graphene nano particles is aimed to reduce friction and wear values 

between rubbing surfaces. Besides, to reduce abrasive effect of sand particles, which contaminates the 

lubricating grease, due to polluted environment. 
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Fig. 6 Influence of nano graphene on friction of 

greased specimen. 

 

Fig. 7 Effect of sand content contaminating 

lithium grease. 

Figure 6 indicates influence of nano graphene on friction coefficient of greased specimens, which 

contaminated by different contents of sand particles. Adding 20 wt. % of synthetic oil makes good 

distribution to lithium grease between the rubbing surfaces. Increasing sand content leads to increase friction 

between contact surfaces, this phenomenon may be related to the higher abrasive action of sand, due to its 

irregular shapes. Here, penetration of the sharp edges of sand particles can be considered as a reason for the 

occurrence of three-body abrasion mechanism. Friction values decreases after adding 0.4 wt. % of graphene 

nano particles to lithium grease, which have high chemical inertness, extreme strength, and easy shear 

capability on its densely packed, and atomically smooth surface. These properties are the major favorable 

attributes leads to enhance tribological properties of lithium grease. 

Effect of sand, oil content, and 0.4 wt. % of nano graphene added to lithium grease on wear can be 

illustrated in Fig. 7. Where increasing sand content, as a contaminant to lithium grease, leads to increase 

wear values. The process of abrasive sand particles indentation, and their mechanism of surface removal is 

based on the irregular shapes and hardness of sand particles, if compared to steel specimen. Where sharp tips 

can easily cut through the steel surface. Meanwhile, adding 0.4 wt. % of nano graphene reduces wear values, 

this outcome because graphene is an atomically smooth two-dimensional material with low surface energy, 

and the nano scale of particles which facilities uniform distribution of graphene particles between rubbing 

surfaces. This reason facilitates shear and slows down abrasive action of sand particles to steel surface, thus 

drastically reduces wear. Besides, adding 20 wt. % of synthetics oil makes good distribution to lithium 

grease in contact area. 

 

 

Fig. 8 Double acting of nano graphene additive. 

0 

0.02 

0.04 

0.06 

0.08 

0.1 

0 10 20 30 

F
ri

ct
io

n
 C

o
ef

fi
ci

en
t 

sand content wt. % 

20 wt. % Oil 

20 wt. % Oil, 0.4 wt. % Gr 

0 

50 

100 

150 

200 

250 

0 5 10 15 20 25 30 

W
ea

r 
V

o
lu

m
e,

*
1

0
-3

  
m

m
3
 

sand content wt. % 

20 wt. % Oil 

20 wt. % Oil, 0.4 wt. % Gr 



Minia Journal of Engineering & Technology (MJET), Vol. 36, No. 2, July 2017 

- 128 - 
 

Filling lithium grease by graphene nano particles makes two important functions. First function as anti-

friction agent enhancing the effectiveness of lubricating grease. Second, produces tribofilm, which exfoliates 

from nanoparticles, attach to cervices, and re-smoothen eroded steel surface, and form a conformal 

protective coating on the sliding contact interfaces, Fig. 8. These reasons facilitate shear and slow down 

scratching sand particles to steel surfaces, then, friction and wear values decrease, as shown in Figs. 6,7. 

 

Fig. 9 Schematic sketch of mechanism of 0.4 wt. % of graphene nano particles. 

Tribological Performance of lithium grease may be improved by filling it with graphene nano particles. 

Which have high chemical inertness, extreme strength, and easy shear capability on its densely packed, and 

atomically smooth surface. These properties are the major favorable attributes for its impressive tribological 

behavior. Where nano particles of graphene easily distributed, because of nano scale, between the rubbing 

surfaces and produces thin layer, as shown in Fig. 9, then, friction and wear values decreases. 

Figure 10 indicates effect of adding than 0.4 wt. % graphene nano particles to lithium grease. During 

lubricating process, nano particles of graphene easily distribute between the two rubbing surfaces, because 

of its nano scale. Graphene nano particles exfoliate and produce thin film at the contact area. Abrasive sand 

particles penetrate and adhere to thin film.  
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Fig. 10 Protective thin layer of graphene. 

3. Addition of PMMA 

It can be seen, in Fig. 11 that, Friction coefficient increases with increasing sand content, this result due to 

sharp tips of sand particles can easily cut through the material. Adding 20 wt. % of synthetic oil balancing 

the effect of contaminant and makes good distribution of lubricating grease. Friction values decreases after 

adding 10 wt. % PMMA particles due to the good lubricating properties of PMMA which makes protective 

thin layer between contacts surfaces, this results could be attributed to the triboelectric phenomena, where 

PMMA and sand particles gain positive charges and steel gains negative charges, but charges of PMMA 

particles is stronger than sand charges, according to triboelectric series. This helps in dissipating sand 

particles between the specimen surfaces and reduces friction. 

Figure 12 shows relation between abrasive sand content and wear volume when lithium grease filled by 20 

wt. % of synthetics oil and 10 wt. % of PMMA. This behaviour could be explained on the basis that the 

hardness of sand is higher than steel, so that the sharp edges of sand particles abraded the steel surface.  

Wear values “the loss of material” increase due to hard particles that are forced against and move along a 

steel surface. Wear volume decreases after adding 20 wt. % oil to lithium grease, which balances the bad 

effect of contaminant on viscosity of lithium grease. When adding PMMA particles to lithium grease, wear 

values decrease, because PMMA particles featuring good tribological properties that resulted in the 

formation of improved boundary lubrication films. 

 

Fig. 11 Friction between specimens greased with 

lithium grease, 20 wt. % oil and contaminated by 

sand content. 

 

Fig. 12 Relation between the sand content in 

lithium grease with and without 0.8 wt. % of 

graphene nano particles on wear values. 
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4. Triboelectrification. 

Contact electrification, Fig. 13, also known as static electricity or contact charging, is the process that 

produces surface charges on dissimilar materials when they are contacted and separated. During this contact, 

each material develops a charge of opposite polarity. In particular, insulators and organic polymers can be 

arranged in a ‘‘triboelectric series’’ which lists the materials in the order of the relative polarity of the 

contact charge acquired, from those that charge most positive, like nylon, to those that charge most negative, 

like the halogenated polymers. In the triboelectric series, the higher positioned materials will acquire a 

positive charge when contacted with a material at a lower position along the series. Thus, the triboelectric 

series can be used to estimate the relative charge polarity of the materials. 

Figure 14 shows that, when the abrasive sand particles rubbing steel surface, due to triboelectric series, steel 

surface gains negative charge and particles of PMMA gain positive charges. Meanwhile, sand particles gain 

positive charges comparatively to steel surface, and gain negative charge comparatively to PMMA particles. 

This creates a repulsive force between sand particles and PMMA, and dissipating sand particles. The 

mechanism of action of polymer dispersion in lithium grease can be explained on the basis that, the 

polymeric particles fill the pits and valleys in the roughness of the sliding surfaces, thereby increasing the 

contact area and providing an area of low shear strength. This performance will be enhanced if the particles 

are strongly adhered to the contact area and the shear strength of the polymer is less than its adherence to the 

substrate. In addition, a film of polymers is built up of sufficient thickness to cover the contact area 

completely, and sliding takes place between two smooth oriented layers of polymers. In the presence of 

abrasive contaminants polymeric film can protect the sliding surfaces from the abrading action of the 

abrasive. 

 

Fig. 13 Tribocharges produced due to rubbing between two different materials. 

 

Fig. 14 PMMA particles when rubbing steel surface. 
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Conclusion 

The present experimental study confirms that, friction and wear values decrease with adding (0.4 %) 

graphene nano wt. particles. Graphene layers act as a two-dimensional nanomaterial and form a conformal 

protective coating on the sliding contact interfaces. This reason facilitates shear and slow down scratching 

sand particles to steel surfaces, thus drastically reduce wear. It’s recommended that adding 10 wt. % PMMA 

and 0.4 wt. % of graphene nano particles together to lithium grease give excellent tribological performance. 

Abrasive sand particles as a contaminant in lithium grease are responsible for increasing friction and wear 

values related to their hardness and their irregular shapes.  Wear values decreased after adding 20 wt. % oil 

content to lithium grease and friction coefficient slightly increased. Wear reduced after adding PMMA 

particles which have a spherical shapes and facilitate rolling between steel surfaces. 
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 ملخص البحث

  مسررررررتي عمايررررررزاا تررررررماع   ررررررماا  تماررررررماخ صررررررما،اإ ررررررزات رررررر  ا  مسررررررتي عمايررررررزايم  رررررر  ا  ت   رررررر تتعررررررم الرررررر   ا      رررررر  ا

وذ رررررطايررررر ا م ررررر اا، هررررر حا  ل رررررلاإ رررررزاع  و رررررماتوررررر  ما    الررررر  ا      ررررر  .او  معررررر  اومررررر ايررررر ا   ررررر  ايرررررزاع ررررر   ا   رررررم  

.ا  لررررر  زاع   رررررياع  ررررر ابورررررم م ايرررررزالررررر ياتل لررررر  ااررررر  م  مو ضررررر يما ووررررر  طاا.ضررررر يماتل لررررر  ا   رررررم ي  اذ  ات ررررر ا   ررررر    

ووررررر  طا ر  رررررماتررررر   مات ررررر  الررررر  ا.اع  ررررر  ا الختلررررر ر تت ررررر تاو  ت وررررريا الضررررر ي  اي رررررزا إا ر  رررررماتررررر   مايررررر  ت رررررلاتمررررر ا

وبظهرررررم ا  ت ررررر رإلاب اكررررر  ا إتت ررررر تاو  ت ورررررياتررررر    اا  ررررر   ا سرررررلمات ررررر  الررررر  ا      ررررر  اا ل لررررر  ا.ا      ررررر  اا ل لررررر  ا  معررررري

  معرررررياإذ اعرررر اك ر ررررر اا رررررم  ااورامررررر ا مكرررر اذ رررررطا عرررر  ا  تمررررر  الرررر ياتل لررررر  ا  معررررياووررررر  طا  لررررماصرررررم  اتل لرررر  ا،  معرررري

ومررررر ابوضررررر  ا  ت ررررر رإلاب ا.ات رررررلاتتسررررر اتل لررررر  ا  معررررريايرررررزاا ررررر   ا  ت وررررريااررررر  ا رررررو زاي  ررررر  ا الختلررررر ر.اي  ررررر  ا   ررررر  

وذ رررررطايررررر ا م ررررر ات سررررر اا، ضررررر يما   ررررر   اكرررررم ي  اإ رررررزالررررر  ا      ررررر  ا سرررررل ات سررررر اع  ررررر ظايرررررزاكررررر  ا التت ررررر تاو  ت وررررري

ووررررر  طات سررررر ا إ ررررر ال اا،حا  م   قرررررمااغررررررياصرررررلمات ررررر اتل لررررر  ا   ررررر   اكرررررم ي  ت ا ررررر الررررر  ا      ررررر  اا  تمررررر  ااررررر  ا   رررررو

ت  رررررماو ا،إ رررررزالررررر  ا      ررررر    ت ررررر رإلاب رررررلاا ضررررر يما  لررررر  زاع   رررررياع  ررررر ابورررررم م ااومررررر ابوضررررر  .ااررررر  ا   ررررروحا  مت مورررررم

و ررررر ي  ا.اي رررررزا ررررروحا   ررررر  ا لررررر  زاع   رررررياع  ررررر ابورررررم م ت   ررررر ا لقرررررمارك قرررررماعررررر ا رامررررر ااظررررر يم ا   هماررررر  ا ال رررررت ت   م

رررررريات ررررر  ات ررررر ذإلاتل لررررر  ا  لررررر  زاع   رررررياوذ رررررطااغا،يررررر  ا  ولقرررررما  مك قرررررمايرررررزا رررررم اتل لررررر  ا  معررررر  اعررررر اع وقرررررما التت ررررر ت

 سررررر ي اا،ا ررررر اإ رررررزالررررر  ا      ررررر  %اا02ا   ررررر اذ رررررطابوضررررر  ا  ت ررررر رإلاب ا ضررررر يما.اإ رررررزا ررررروحا   ررررر  اع  ررررر ابورررررم م 

عرررررر اخررررررم ا.ا التت رررررر تاو عرررررر   ا  ترررررر   ما  سرررررر لزا  كرررررر  اتل لرررررر  ا  معررررررييررررررزات ا رررررر الرررررر  ا      رررررر  اا  تمرررررر  ايررررررزاع وقررررررما

 .    اكم ي  اإ زال  ا        %اا2.0ا  اوا%اا02ا  زابع  او%ااا02  ت  رإلا  معم  ما   حاا ض يما

 


