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ABSTRACT: A novel lubricating grease additive comprised of a new nanohybrid and  

A suitable base fluid has been proposed in this research. Addition of this nano additive (5 wt%) 

to the lithium grease improves 1.5 times the extreme pressure property and can reduce lithium 

grease wear scar diameter better than the other similar nanomaterials reported in the previous 

research. For preparing nanohybrid, during the hydrothermal synthesis reaction of nano metal 

borate, a suitable amount of nano transition metal dichalcogenides was added to the reaction 

vessel under the nitrogen atmosphere and high temperature for 18h. The base fluid comprises of 

fatty amines, fatty oils, fatty amides, fatty acid esters, and Zinc dialkyl dithiophosphate (ZDDP) 

with optimum ratios. Nano lubricant additive was prepared by adding the 0.1 wt% nano hybrid  

to the base fluid at 80 oC with mixing for 30 minutes.  
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INTRODUCTION 

Friction and wear are usually caused the energy 

consumption and material loss in mechanical systems.  

The application of a suitable lubricant in mechanical 

devices is necessary for reducing friction and wear.  

A lubricant is a layer of gas, liquid, or solid that is placed 

between two surfaces and improves the uniformity of 

movement of one surface on another and prevents damage 

to the surfaces. Lubricants have different applications 

depending on the type, amount of materials, and 

composition [1-6]. There are different lubrication methods 
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and these methods are usually classified based on the 

method of film formation between the surfaces.  

This classification includes hydrostatic, elastohydrodynamic, 

and boundary Lubrication. In hydrostatic lubrication,  

the high pressure of the lubricant causes a layer of 

lubricant to form between the moving surfaces, thereby 

reducing friction. This type of lubrication is usually 

considered at the beginning of the movement. Hydrostatic 

lubrication is commonly used in cases where the relative 

velocity between surfaces is significant. As an example of 
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this type of lubrication, we can mention sliding bearings.  

In this case, applying high-pressure lubricant is not necessary 

and only the volume of the lubricant and the speed of movement 

should be at an acceptable level. Elastohydrodynamic lubrication 

occurs in cases where the relative motion of the surfaces is 

of the rolling type with slip. This type of lubrication occurs 

in rollers, gears, cams, and roller bearings. In boundary 

lubrication, the thickness of the lubricant layer is very small 

and does not exceed a few molecules. Usually in this type of 

lubrication, the appropriate chemicals used in the lubricant 

react with the metal surface to form a thin protective layer 

on the metal surface or the lubricant contains lubricant solids 

that can provide a suitable protective layer between the two 

surfaces. This protective layer is also called the film.  

In cases where pressure and wear are discussed in addition 

to hydrostatic lubrication, boundary lubrication is of 

particular importance. Based on the type of additives in their 

structure, greases can be used for a variety of lubrication 

methods, especially boundary lubrication. 

The lithium-based greases are widely used in 

aerospace, machinery, and other industrial fields because 

of their excellent properties such as high dropping point, 

suitable penetration, and effective applicability [7-12].  

Since the last century, nanotechnology has been known 

as an important research field. This technology produced 

various types of nanoparticles. At least one dimension  

of nanomaterials is less than 100 nm. This nano size  

can influence the physiochemical properties of these 

materials. As a result, nanomaterials can show 

significantly better properties in comparison to the micro 

materials in various applications. This subject has been 

studied by researchers in different applications and  

the interesting properties of nanomaterials in improving 

the desired results have been confirmed [13-16]. In recent 

years, researchers have focused on the application of 

nanoparticles as additives in the lubricating grease 

structure in order to improve grease extreme pressure, anti-

wear, and environment-friendly properties [17-21]. 

Nanoparticles can be added to the base fluid and form nano 

additives. Results show that nano additives have excellent 

tribological and environment-friendly properties compared 

with the traditional additives [22,23]. Therefore, nano 

additives can be widely used in the tribological field. Zhao 

et al [24] demonstrated that the addition of nano calcium 

borate to the lithium grease can improve anti-friction and 

extreme pressure properties and decrease the coefficient of 

friction of the lithium grease. Also, researchers showed 

that nano TiO2/CuO and nano CeO2 can improve the wear 

resistance of lithium grease and lower the COF [1,25,26].  

In this research, a novel lubricating additive was 

proposed. The addition of this additive (5 wt%) to the 

lithium grease, improves 1.5 times the extreme pressure 

property and can reduce lithium grease Wear Scar Diameter 

(WSD) better than the other similar nano materials 

reported in the previous researches.  

This nano additive is comprised of a base fluid and  

a new nano hybrid of nano transition metal 

dichalcogenides and nano metal borate. The base fluid 

consists of fatty oil, fatty amine, fatty amides, fatty acid 

esters and Zinc dialkyl dithiophosphate (ZDDP). 

   

EXPERIMENTAL SECTION 

Materials 

Copper sulfide nano particles, Graphene oxide, Copper 

oxide nano particles, Tungsten disulfide nano particles 

were received from Research Institute of Petroleum 

Industry (RIPI).  

MgCl2.6H2O (99 %), ethanol, borax, oleic acid, 2-

pentanol, diethylene tri amine, 1,4-Butanediol, Lithium 

hydroxide monohydrate, 12-hydroxystearic acid, Toluene 

and sulfuric acid were analytical grade from Merck 

Company. Therefore, these chemical materials were used 

without further purification. 

 

Methods 

Synthesis of Magnesium Borate nanoparticles 

Solution 1 (containing borax that was dissolved in 

ethanol) and solution 2 (containing MgCl₂.6H₂O that was 

dissolved in distilled water) with 400 mL ethanol are mixed 

in the steel autoclave at 200 oC temperature, 15 bar pressure 

under N2 gas atmosphere [27]. The heating rate was considered 

5°C/min and the reaction was carried out for 18 hours.  

The product was removed from the autoclave, washed 

several times with distilled water and alcohol, and dried  

at 80 °C. Then the sample was annealed at a temperature  

of about 500 °C for 6 hours under N2 gas atmosphere. 

 

Synthesis of molybdenum disulfide nanoparticles using 

hydrothermal method 

The reaction performed is somewhat different from the 

method presented in the reference [28]. Ammonium hepta 

molybdate was dissolved in 150 mL of distilled water  
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Table 1: Base fluid Composition 

Base 

Fluid 

Composition 

Fatty acid ester (ester of 2-

Pentanol and Oleic acid) 

Fatty acid poly amine salt (reaction of 

diethylene tri amine and Oleic acid) 

Fatty Oil 

(Castor Oil) 

Fatty amine 

(Tallow amine) 
ZDDP 

wt% 11% 11% 43% 25% 10% 

 

At 60 °C with 5 g of urea. Citric acid (3 g) was added and 

after complete dissolution of the material, 5.5 g of sodium 

sulfide was added. The sample was poured into a Teflon 

container placed in a steel autoclave and closed with a steel 

lid. The autoclave at 180 °C for 24 hours was placed under 

hydrothermal reaction conditions. After cooling the cell to 

reach room temperature, the sample was washed several 

times with distilled water and ethyl alcohol and dried 

inside the oven at 80 °C. 

 

Synthesis of MoS2/Magnesium Borate nanohybrid 

The nanohybrid was prepared with the reaction of 

solution 1 (containing borax that was solved in ethanol) 

and solution 2 (containing MgCl₂.6H₂O that was solved in 

distilled water) in steel autoclave at 200oC temperature, 15 

bar pressure under N2 gas atmosphere. The molar ratio of 

borax to metal source is 1:2. Solution 1 was added to 

solution 2 and then 400 mL ethanol was added. In this step, 

0.6 g MoS2 nanoparticles were added to the mixture and 

the sample was mixed for 30 minutes for good mixing.  

The final solution was placed into an autoclave, which had 

a programmed heating rate of 5°C/min. The reaction  

was carried out for 18 hours. At the end of the process,  

the product was removed from the autoclave, washed 

several times with distilled water and alcohol, and dried  

at 80 °C. Then the product was annealed under inert gas 

for 6 hours at a temperature about 500 °C. 

 

Preparation of the Nano additive 

The novel nano package lubricant additive consists of 

the base fluid and a new nanohybrid structure. The as-

prepared nanohybrid with an amount of about 0.1 wt% is 

added to the base fluid at 60°C for 30 minutes and then 

placed in an ultrasonic probe for a few minutes. 

The base fluid consists of several chemical compounds 

such as fatty oils, fatty amines, fatty acid esters fatty amine 

salts, and Zinc dithiophosphate (ZDDP) with optimum 

ratios.  

Researchers have reported that fatty acid salts of 

polyamines, such as diethylenetriamine, provide good 

tribological properties when used together with fatty acid 

esters for improving the lubricity of water-based drilling 

fluids [29]. In this research, besides the mentioned 

chemical compounds, fatty oils or vegetable oils, fatty 

amines, and Zinc dithiophosphate (ZDDP) were used for 

the preparation of the base fluid, and the optimum weight 

percent of each component was determined (Table 1). 

The fatty acid salts of polyamines are prepared by reacting 

fatty acids such as oleic acid with polyamines such as 

diethylenetriamine in the presence of xylene or Toluene  

as reaction solvents. For this purpose, oleic acid (50 mL) and 

diethylenetriamine (50 mL) with 100 mL xylene were added 

to 250 mL glass balloon and refluxed at 120 oC for 12 h  

in the presence of toluene as the reaction solvent. 

Fatty acid esters may be prepared by any conventional 

reaction such as acid-catalyzed esterification and may be 

generally prepared using a 1:1 stoichiometric ratio  

of the fatty acid to the alcohol. Suitable alcohols, 

glycols, and polyols with 1 to 8 carbon atoms used  

to reactions such as 2-Pentanol. These esters may be 

generally prepared using a 1:1 stoichiometric ratio of the 

fatty acid to the alcohol functionality. The fatty acids may 

be the same as or different from the ones used to make 

the fatty acid salts of polyamines. For the esterification 

reaction, oleic acid (50 mL) and 2-Pentanol (50 mL) with 

several droplets of sulfuric acid as catalyst was added to 

250 mL glass balloon and refluxed at 140 oC for 18 h in 

the presence of toluene as a reaction solvent. 

 

Preparation of the Lithium grease  

In a suitable glass flask and under mechanical stirring, 

mineral oil (225g) and 12-hydroxystearic acid (48 g) were 

mixed and heated to 90°C. A solution of lithium hydroxide 

(7g of LiOH·H2O in 70g of H2O) was added to the mixture. 

The saponification reaction between lithium hydroxide 

and 12-hydroxystearic acid took place at 120°C for 5 h. 

After the mentioned reaction, the mixture was heated  

to 150°C for 3h to remove water from the grease. After 

that, 225g of the mineral oil was added. The reaction 

temperature was raised to 200°C at 16°C/h rate and kept 

for 10 min at 200°C. Then the sample was cooled down  

to room temperature [30]. 
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Fig. 1: XRD patterns of MoS2 nano particles 

 

 
Fig. 2: SEM image of MoS2 nanoparticles. 

 

RESULTS AND DISCUSSIONS 

MoS2 nanoparticles characterization 

The as-synthesized MoS2 nanoparticles are spherical in 

shape with an average size of about 80 nm. The sample 

was characterized with X-ray diffraction (XRD) (Fig. 1) 

and SEM image (Fig. 2). 

Fig. 1 illustrates XRD pattern of the as-prepared MoS2 

nanoparticles. The average particle size calculated with the 

Debye-Scherrer formula is about 80 nm (by using 0002 

reflections). All the reflections can be indexed to the 

hexagonal MoS2 cell (JCPDS card 37-1492 for MoS2). 

Fig. 2 presents the SEM image of the as-prepared MoS2 

nanoparticles. The sample with a semi-spherical structure 

was seen in the picture. The SEM image confirms the 

result that was obtained by using XRD pattern.  

 

Magnesium Borate nanoparticle characterization 

Fig. 3 shows FT-IR spectrum of the prepared 

Magnesium borate nanoparticles. This spectrum shows  

the formation of Magnesium borate structure according  

to the scientific literature [27]. 

The bond between 3250 and 3600 cm−1 is related to 

the stretching vibrations of O-H. The bending vibrations  

 
Fig. 3: FT-IR spectrum of Magnesium borate nano particles 

 

 
Fig. 4: XRD patterns of Magnesium borate nanoparticles 

 

of H-O-H bond that can be seen between 1625 and 1650 

cm−1 are due to the compound water crystals. The 

absorption peaks between 1210 and 1500 cm−1 are 

related to the three coordinated boron asymmetrical 

stretches [31,32]. The peak that exists between the peaks 

of 800 and 1080 cm−1 is related to the four coordinated 

boron asymmetrical stretches [31,32]. The peaks 

between 620 and 770 cm−1 are related to the in-plane 

bending vibrations of trihedral (BO3) groups [32,33]. 

Therefore, FT-IR spectra of the sample confirmed that 

the borate compound had formed.  

Fig. 4 presents the XRD pattern of the as-prepared 

Magnesium borate nanoparticles. 

As can be seen in Fig. 4, the peaks have good 

agreement with the related standard card [27]. 

  

MoS2/Magnesium Borate nanohybrid characterization 

Fig. 5 shows the SEM image of the as-prepared 

nanohybrid sample.  

As can be seen, the semi-spherical morphology of the 

nanohybrid creates a suitable layer and acts as a bearing when 

placed between adjacent moving surfaces. In other words, 

the as-prepared nanohybrid not only creates a suitable  
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Table 2: Four Ball Test Results 
No. Sample Weld Point (kgf) Pass Point (kgf) Width of wear scar (mm) 

1 Lithium grease 126 100 - 

2 Lithium grease + 5%(Base fluid + WS2/magnesium borate nanohybrid) 315 250 2.1914 

3 Lithium grease + 5%(Base fluid + MoS2/magnesium borate nanohybrid) 315 250 3.1770 

4 Lithium grease + 5%(Base fluid + WS2 nanoparticles) 250 200 1.2740 

5 Lithium grease + 5%(Base fluid + MoS2 nanoparticles) 250 200 2.2771 

6 Lithium grease + 5%(Base fluid + nano magnesium borate) 250 200 2.3462 

7 Lithium grease + 5%(Base fluid + nano Copper Oxide) 160 100 - 

 

 
Fig. 5: SEM image of MoS2/Magnesium borate nano hybrid 

 

layer, but also act as a bearing between adjacent moving 

surfaces and can dramatically reduce friction. 

 

Evaluation of Lubricity and extreme pressure properties 

Nano-structured materials (about 0.1 wt%) were mixed 

with the selected base fluid (Base fluid 1). These samples 

were used as nano lubricant additives for lubricating 

greases. Weld point, pass point, and width of wear scar 

were evaluated with a ball test tester machine (Fig. 6). 

 The nano package additive may contain suitable 

nanoparticles such as transition metal (group 6 of the 

periodic table such as Mo and W) dichalcogenides nanoparticles, 

nano metal borates, Copper sulfide nanoparticles, Copper oxide 

nanoparticles, Carbon nanostructures such as Graphene oxide 

and the as-prepared nanohybrid. In this research, several 

nano lubricant additives and the related Lithium greases 

were prepared and tribological properties of the samples 

were evaluated with a ball test machine (Fig. 6). The 

results are presented in Table 2. 

As can be seen, the best nano package additive has 

been prepared with Base fluid together MoS2/Magnesium 

borate nano hybrid. The tribological properties of the 

mentioned sample are 1.5 times better than the lithium 

base sample without this additive. Also, the results show  

 
Fig. 6: Four Ball Test Equipment 

 

that the as-prepared nano hybrid has a greater ability  

to reduce lithium grease Wear Scar Diameter (WSD) in 

comparison to other similar nano-structured materials.  

 

CONCLUSIONS 

The lithium-based greases are widely used in 

aerospace, machinery and other industrial fields because 

of their excellent properties such as high dropping point, 

suitable penetration and effective applicability. Nano 

materials can show significantly better properties with 

comparison to micro materials in various applications. In 

recent years, researchers are focused on the application of 

nanoparticles as additives in the lubricating grease 

structure in order to improve grease's extreme pressure, 

and anti-wear properties and decrease the coefficient of 

friction. Nanoparticles can be added to the base fluid and 

form nano additives. Results show that nano additives 

have excellent tribological properties with comparison  

to the traditional additives. Therefore, nano additives 

 can be widely used in the tribological field.  

In this research, a novel nano additive was proposed 

that is comprised of a base fluid and a new nanohybrid of 

nano transition metal dichalcogenides and nano metal 

borate. The base fluid consists of fatty oil, fatty amine, 
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fatty amides, fatty acid esters, and Zinc dialkyl 

dithiophosphate (ZDDP). Results show that this nano 

additive improves the extreme pressure property (EP) of 

the lithium grease 1.5 times in comparison to the base 

grease and has a greater ability to reduce lithium grease 

Wear Scar Diameter (WSD) in comparison to similar  

nano structured materials.   
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