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Abstract 

The purpose of this work was to investigate a wear resintance, the friction and wear characteristic of Chitosan 

and NanoDot (CNDs) as filter for contact oil as additives for enchanging the wear resistance were been 

evaluated test conditions to simulated before and after. The stability of oil (ferrolubricant) with the addition of 

Chitosan and Carbon NanoDot 2.5 ml and 7.5 ml is homogenous, and at 100 °C viscosities, the lubricant and 

Ferro lubricant (Oil) are 8.65 mm2/s and 8.96 mm2/s, respectively. The elements absorbed in lubricant and 

Ferro lubricant (Oil) are Cr and Mg elements at 115 and 125, respectively, with a total base number of 0.55. It 

is seen from the oxidation, soot, and nitration attributes that Mg is high in sulfate. In conclusion, particle 

quantification is high and Fe is Low, with the majority of the wear larger than 10 µm. Chitosan and Carbon 

NanoDots has the ability to produce good ferro-lubricant (oil). 
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1. Introduction 

In engine, the friction between two moving parts (e.g gears) cannot be eliminated as part of their main function 

and can only be reduced to a certain level. Besides that the friction can cause the heat and can damage the 

components. This friction between two moving parts cause very high maintenance cost and the replacement of 

the components as a result of the malfunction. The friction also contributes to the overall energy losses: 40-60% 

[1-2].  

An effective lubrication system plays an important role in mechanical equipment, due to about eighty percent of 

mechanical failure caused by friction and wear [3,4]. Conventional lubricants are mainly composed of mineral 

base oils containing saturated hydrocarbon polymers and compounds with sulfur and phosphorus. With 

complexity of service condition growing, the original additives hardly meet the requirements of equipment 

lubrication. However, some nanoparticles (NPs) additives, which has the characteristics of small size, large 

specific surface area and strong surface activity, can significantly improve the lubrication performance. 

Researches [3,5] suggest the optimal concentration in base oils is between 0.2% and 2% for most nanoadditives, 

and tribological enhancement generally are classified into three types including physical deposition mechanism 

[6,7], chemical reaction mechanism [8,9] and self-repair mechanism [10,11]. 

The friction occurred on the moving part can be reduced using lubricants that create additional layers between 

the moving components. In order to enhance the capability of the lubricant to reduce the friction and to 

eliminate the heat, a modification in the lubricant was applied by several researchers using material additives. 

The utilization of  additives in lubricants presents many advantages, as they are relatively insensitive to 

temperature, and tribochemical reactions are limited, compared to traditional additives [12]. Another advantage 
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by using material additives, such as metal oxide and hydrate particles is its ability to change their solubility 

under the effect of surface modification[13]. 

Recently, studies on lubricants with additives such as nanoparticles have attracted the interest of many 

researches. Nanolubricants have raised great interest in tribology management; the idea was by mixing the 

various kinds of nanoparticles made of polymer, metal, organic and inorganic materials into the lubricating oil. 

From the combination, many studies report that nano lubricants are effective in decreasing wear and friction 

caused by high pressures and temperatures [14], [15], [16], [17], [18]. However, the reduction of friction 

and antiwear performance depends on various factors, including compatibility with a base lubricant/oil, their 

sizes and morphologies, as well as volume friction. 

Bajing ren, et al (2019) in research Tribological properties and anti-wear mechanism of ZnO@graphene core-

shell nanoparticles as lubricant additives. During the preparation of nano additives, all chemical reagents used 

are of analytical grade. A synthetic ester lubricant (SparkM40) for common engines is employed as the modified 

base oil, The expected ZnO NPs with different morphologies are prepared by the concentration variation of the 

alkaline solution based on the hydrothermal synthesis method [21].  

Xiyangyuan ye, et.al (2019) with the research about Evaluating tribological properties of the stearic acid-based 

organic nanomaterials as additives for aqueous lubricants. The SSA solutions show promising results in 

reducing friction and wear for various friction pairs under a range of loads and shearing velocities, and can be 

used as potential lubricants in various processes [22]. 

Summarizing the research of the rheology and the wear of the particle additives in lubricant, the authors have 

found that some problems, such as the dispersibility, the stability, the uniformity, and the medium compatibility 

need an improvement and then study Chitosan and NanoDot (CNDs) as filter for contact oil as additives for 

enchanging the wear resistance were been evaluated test conditions to simulated before and after [35]. 

2.    Materials and Methods 

Dissolve 5 grams of chitosan with 15 mL of distilled water and stir with a stirrer at 80oC on a hot plate then add 

5 mL of 3% acetic acid with a stirring time of 15 minutes. After being homogeneous, 10 mg of carbon nanodots 

(CNDs) synthesized from burning cellulose nanocrystals were added in a microwave and stirred for 1 hour. A 

total of 10 mL of chitosan/CNDs which had dissolved was put into a beaker glass to be used as an electrolyte 

solution in the coating process [30]. The coating process was carried out using the electroplating method. Cu 

electrodes were strung together in parallel and dipped into the chitosan/CNDs solution then a voltage of 0.5 

Volts was applied for 30 seconds. Then the sensitive material which has been attached to the surface of the 

electrode is dried at 37 oC after that it is tested for its chemosensory properties [35]. 

3.    Results and Discussions 

1. Viscosity 

Fig.1.a)TEMimageofuncoated c h i t o s a n  a n d  N a n o D o t ;b)Histogramofuncoated chitosan and 

NanoDotsize;c)TEMimageof coated chitosan and NanoDot;d)Histogramof coated chitosan and Nano Dot 

Fig. 1. The results suggested that the particleshavealargeraveragediameter of150nmthanthebefore-after 

withanaveragesize of 120 nm. Thus, silica layers have been successfullycoated on the surface of the magnetite 

particles. The coat-inglayerofchitosan and NanoDot,whichhasanoleophiliccharacteristic,is essential for the 

particles to be easily dispersed in thelubricant and improve stability [27–29]. 

 

https://www.sciencedirect.com/topics/chemical-engineering/nanoparticles
https://www.sciencedirect.com/topics/engineering/tribology
https://www.sciencedirect.com/science/article/pii/S0017931018342224#b0015
https://www.sciencedirect.com/science/article/pii/S0017931018342224#b0020
https://www.sciencedirect.com/science/article/pii/S0017931018342224#b0025
https://www.sciencedirect.com/science/article/pii/S0017931018342224#b0030
https://www.sciencedirect.com/science/article/pii/S0017931018342224#b0035
https://www.sciencedirect.com/topics/engineering/antiwear
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Fig 2. Viscosity index of Lubricant and Ferro lubricant 

 

To compare the effects of different concentrations and types of nano additives in liquid base lubricants, 

kinematic viscosity tests were performed as per ASTM standards. Kinematic test results disclose the viscosity of 

lubricant and ferro lubricants (oil) at 100 °C. The resistance of lubricants to changes in temperature (viscosity 

index) is important to improve hydrodynamic lubrication regimes at large temperature ranges. As per the base 

oil data sheet provided by Petro Canada, viscosities at 100 °C of lubricant and fero lubricant is 8.65 mm2/s and 

8.96 mm2/s, respectively. The calculated viscosity index for base oil is 98. Surface analyses suggest that the 

predominant properties at −10 and 20 °C were ascribed to the tribofilms composed of chitosan and NanoDot 

[9].The result indicate that the viscosity of the lubricant (oil) system increase remarkably with augment of the 

additive[10]. 
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2. The element is absorbed 

 

Fig 3.   The element is absorbed 

Fig. 3 shows the elements Fe and Cu which show a significant difference. In the element Fe for lubricant 10 and 

for ferrolubricant 180 while for the element Cu shows Lubricant 115 andFerrolubricant 125.this is because the 

additional elements in ferrolubricant are more dominant elements of Fe and Cu.This has resulted in a range of 

the new and different characteristic [11]. Additionally, the Cu matrix has deformed significantly [17]. 

 

3. Total base number 

 

Fig.4.Total base number (size of the amount of alkaline or alkaline content in lubricant and ferro 

lubricant) 

The total base number (size of the amount of base or alkali in lubricant and ferro lubricant) shows the same 

number, namely 0.55.For lubricant and ferrolubricant (oil) there is no difference in the total base[18,37]. 
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4.  The element of feasibility on lubricant 

 

Fig 5.  The element of feasibility on lubricant and ferrolubricant 

It can be seen from the image of elements that are high in sulfate, for the other three elements, namely soot, 

oxidation and nitration.For lubricant and ferrolubricant there is no difference in the element of feasibility on 

lubricant and ferrolubricant (oil)  [20]. 

 

Fig 6.  Particle Quantification (PQ) Lubricant compare ferrolubricant 

5. Particle quantification 

When Particle Quantificationis High and Fe is Low, then this can become a concern because the majority of the 

wear is larger than 10 µm and will cause accelerated damage. The High readings of theParticle Quantification 

can be caused by many factors and will need further diagnoses or testing. Rapid High Particle 

Quantificationreadings on a trend scale can indicate a failure or potential failure. Never ignore High Particle 

Quantification readings and if unsure what it means, ask the laboratory to do a Ferrogram or Microscopic 

analysis on the sample. This can provide you with information on particle sizes, type of wear and particle 

identification all of which can be useful in helping diagnose the issue further. At higher contents, the 

precipitation conversey is less with increase of settling time [12]. 

6.  FTIR 

Fig.7 shows the FTIR analysis for both before-after with chitosan and NanoDot 2.5 ml and fero-particles with 

chitosan and NanoDot 7.5 ml. The results suggested that the bonding and the stretching phenomena occurs and 

can be confirmed from the peaks as suggested by the graph. The results confirmed that the FTIR for both 

before-after (with the addition of 2.5ml and 7.5 ml of chitosan and NanoDot) magnetite nano-particles have a 

spectrum range of 1500-2500 cm-1. In the FTIR analysis of the coated particle,spectrum shows at a wave 
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number of 2117 cm-1which indicates that a bending vibration of C-O vibrationwith happen hexyl chain in heat 

transfer [13]. Just with limited C-OH/C-O-C and HO-C bond [19]. 

 

 

 

 

Fig.  6.  FTIR spectra with the addition of 2.5ml of Chitosan and Carbon NanoDot and 7.5 ml of Chitosan 

and Carbon NanoDot 

4. Conclusion  

The purpose of this work was to investigate a wear resintance, the friction and wear characteristic of Chitosan 

and NanoDot (CNDs) as filter for contact oil as additives for enchanging the wear resistance were been 

evaluated test conditions to simulated before and after.The stability of oil (ferrolubricant) with the addition of 

Chitosan and Carbon NanoDot 2.5 ml and 7.5 ml is homogenous, and at 100 °C viscosities, the lubricant and 

Ferro lubricant (Oil) are 8.65 mm2/s and 8.96 mm2/s, respectively. The elements absorbed in lubricant and Ferro 

lubricant (Oil) are Cr and Mg elements at 115 and 125, respectively, with a total base number of 0.55. It is seen 

from the oxidation, soot, and nitration attributes that Mg is high in sulfate. In conclusion, particle quantification 

is high and Fe is Low, with the majority of the wear larger than 10 µm. Chitosan and Carbon NanoDotshas the 

ability to produce good ferro-lubricant (oil). 

5. Credit authorship contribution statement 

Indri Dayana: Conceptualization,Methodology, Writing–original draft. Habib Satria: Software, Writing – 

original draft. Moranain Mungkin: Data curation. Muhammad Fadlan Siregar: Writing – review 

&editing. Fuadaturrahmah :Writing – review &editing. 

6. Declaration of Competing Interest 

The authors declare that they have no known competing financial interests or personal relationships that could 

have appeared to influence the work reported in this paper. 

 

 

Sampel 1 

Sampel 2 



TuijinJishu/Journal of Propulsion Technology 

ISSN: 1001-4055  

Vol. 44 No.6 (2023),  

__________________________________________________________________________ 

1389 
 

7. Acknowledgments 

The author would like to thank the Foundation Internal Fund (DIYA) for financial support with Grant No. 

1815/LP2M/03.1.1/VI/2023. We also thank the Medan Area University for supporting this research. 

References 

 [1] Liang, Hongyu et al. 2018. ‘Conversion of Organic Films into Fluorine-Containing Onion Carbon as Anti-

Adhesion Solid Lubricants’. Materials Letters. 

[2] Z. K. Liu et al.2002. ‘Effect of Ultra-Dispersed Diamond Nanoparticles as Additive on the Tribological 

Properties of 15W/30 Engine Oil’. Tribology Letters. 

[3] Frêne, Jean, Mihai Arghir, and Hamid Zaïdi. 2010. ‘Regimes of Lubrication in Lubricated Contacts’. 

International Journal of Surface Science and Engineering. 

[4]  Michael, Paul W. et al. 2012. ‘Lubricant Chemistry and Rheology Effects on Hydraulic Motor Starting 

Efficiency’. Tribology Transactions. 

[5] Bair, Scott, and Farrukh Qureshi. 2014. ‘Time-Temperature-Pressure Superposition in Polymer Thickened 

Liquid Lubricants’. Journal of Tribology. 

[6] Nanda, A. et al. 2018. ‘Ultrasonic Characterization of Silver Nano Fluid’. In IOP Conference Series: 

Materials Science and Engineering,. 

[7] Thapliyal, Prashant, and G. D. Thakre. 2017. ‘Correlation Study of Physicochemical, Rheological, and 

Tribological Parameters of Engine Oils’. Advances in Tribology. 

[8] Tannous, J, F Dassenoy, A Bruhacs, and W Tremel. 2010. ‘Synthesis and Tribological Performance of 

Novel Mo (x) W1-x S-2 (0 a Parts per Thousand Currency Sign x a Parts per Thousand Currency Sign 1) 

Inorganic Fullerenes’. Tribology Letters. 

[9]  Li, Yi et al. 2018. ‘Liquid Metal as Novel Lubricant in a Wide Temperature Range from −10 to 800 °C’. 

Materials Letters. 

[10]  Jin, Dalai, and Linhai Yue. 2008. ‘Tribological Properties Study of Spherical Calcium Carbonate 

Composite as Lubricant Additive’. Materials Letters. 

[11]  Zhao, Li xin, Li yun Zheng, and Shu guo Zhao. 2006. ‘Tribological Performance of Nano-Al2O3 

Reinforced Polyamide 6 Composites’. Materials Letters. 

[12]  Wang, Fei Fei, Zan Liu, and Zhi Lin Cheng. 2019. ‘High Performance of MOF-Structured Lubricating 

Material with Nano- and Micro-Sized Morphologies’. Materials Letters. 

[13]  Naddaf, Atiyeh, and Saeed Zeinali Heris. 2018. ‘Experimental Study on Thermal Conductivity and 

Electrical Conductivity of Diesel Oil-Based Nanofluids of Graphene Nanoplatelets and Carbon 

Nanotubes’. International Communications in Heat and Mass Transfer. 

[14]  Qin, Wenbo et al. 2019. ‘Evolution of Tribological Mechanisms of Nano-Grained 304L Stainless Steel 

under Dry and Polyalphaolefin Lubrication Conditions’. Materials Letters.  

[15]  Tahmasebi Sulgani, Mohsen, and Arash Karimipour. 2019. ‘Improve the Thermal Conductivity of 10w40-

Engine Oil at Various Temperature by Addition of Al 2 O 3 /Fe 2 O 3 Nanoparticles’. Journal of 

Molecular Liquids. 

[16]  Yang, Liu, Mao Mao, Jia nan Huang, and Weikai Ji. 2019. ‘Enhancing the Thermal Conductivity of SAE 

50 Engine Oil by Adding Zinc Oxide Nano-Powder: An Experimental Study’. Powder Technology. 

[17]  Cao, Jin et al. 2019. ‘Enhanced Ductility of W–Mo–Cu Alloy through the Formation of Nanometer-to-

Micrometer-Thick Dual-Phase Transition Phase Layer’. Materials and Design. 

[18]  Wu, Ying et al. 2019. ‘Developing the Ductility and Thermal Fatigue Cracking Property of Laser-

Deposited Stellite 6 Coatings by Adding Titanium and Nickel’. Materials and Design. 



TuijinJishu/Journal of Propulsion Technology 

ISSN: 1001-4055  

Vol. 44 No.6 (2023),  

__________________________________________________________________________ 

1390 
 

[19]  Guo, Xin et al. 2019. ‘Direct Patterned Growth of Intrinsic/Doped Vertical Graphene Nanosheets on 

Stainless Steel via Heating Solid Precursor Films for Field Emission Application’. Materials and Design. 

[20]  Wu, Dequan et al. 2020. ‘Durable Deicing Lubricant-Infused Surface with Photothermally Switchable 

Hydrophobic/Slippery Property’. Materials and Design. 

[21] Wu, Pei Rong et al. 2018. ‘Preparation and Tribological Properties of Novel Zinc Borate/MoS2 

Nanocomposites in Grease’. Journal of Alloys and Compounds. 

 [22] Thakre, G. D., and M. R. Tyagi. 2013. ‘Study on Variation of Tribo-Performance of Commercial Engine 

Oils’. Industrial Lubrication and Tribology. 

[23] Gaikwad, Ramchandra D., and Paramjyothi Swamy. 2008. ‘Physico-Chemical and Viscosity Studies in 

Some Seed Oils from Wild and Cultivated Plants’. Acta Chimica Slovenica. 

[24] Meunier, C. et al. 2009. ‘Correlation between the Film Forming Ability and Rheological Properties of New 

and Aged Low Sulfated Ash, Phosphorus and Sulfur (Low SAPS) Automotive Lubricants’. Tribology 

Transactions. 

[25] Chang, H. et al. 2010. ‘Tribological Property of TiO2 Nanolubricant on Piston and Cylinder Surfaces’. 

Journal of Alloys and Compounds. 

[26] Mohamad, Ahmad Tajuddin, Jesbains Kaur, Nor Azwadi Che Sidik, and Saidur Rahman. 2018. 

‘Nanoparticles: A Review on Their Synthesis, Characterization and Physicochemical Properties for Energy 

Technology Industry’. Journal of Advanced Research in Fluid Mechanics and Thermal Sciences. 

[27] Luo, Ting et al. 2014. ‘Tribological Properties of Al2O3 Nanoparticles as Lubricating Oil Additives’. 

Ceramics International. 

[28]  Jinga, V. et al. 2015. ‘ Influence of nano additives on the tribological properties of process fluids’. Journal 

of the Balkan Tribological Association. 

[29] Alawi, Omer A., and Nor Azwadi Che Sidik. 2014. ‘Mathematical Correlations on Factors Affecting the 

Thermal Conductivity and Dynamic Viscosity of Nanorefrigerants’. International Communications in Heat 

and Mass Transfer. 

[30] Das, Sarit Kumar, Nandy Putra, Peter Thiesen, and Wilfried Roetzel. 2003. ‘Temperature Dependence of 

Thermal Conductivity Enhancement for Nanofluids’. Journal of Heat Transfer. 

[31] Bajing ren, et al, 2020.’Tribological properties and anti-wear mechanism of ZnO@graphene core-shell 

nanoparticles as lubricant additives’. Tribology International. 

[32]  Ye, Xiangyuan, Jinqing Wang, and Mingjin Fan. 2019. ‘Evaluating Tribological Properties of the Stearic 

Acid-Based Organic Nanomaterials as Additives for Aqueous Lubricants’. Tribology International. 

[33]  Zhao, Shi-Yong et al. 2006. ‘Synthesis of Magnetic Nanoparticles of Fe3O4 and CoFe2O4 and Their 

Surface Modification by Surfactant Adsorption’. Bulletin of the Korean Chemical Society. 

[34] Syam Sundar, L., Manoj K. Singh, and Antonio C.M. Sousa. 2013. ‘Investigation of Thermal Conductivity 

and Viscosity of Fe3O4 Nanofluid for Heat Transfer Applications’. International Communications in Heat 

and Mass Transfer. 

[35]  Pauschitz, A., Manish Roy, and F. Franek. 2008. ‘Mechanisms of Sliding Wear of Metals and Alloys at 

Elevated Temperatures’. Tribology International. 

[36]  Dayana, I., Sembiring, T., Tetuko, A. P., Sembiring, K., Maulida, N., Cahyarani, Z., Setiadi, E. A., Asri, N. 

S., Ginting, M., Sebayang (2019), P. "The effect of tetraethyl orthosilicate (TEOS) additions as silica 

precursors on the magnetite nano-particles (Fe3O4) properties for the application of ferro-lubricant", 

Journal of Molecular Liquids, 294, Article Number: 111557, https://doi.org/10.1016/j.molliq.2019.111557. 



TuijinJishu/Journal of Propulsion Technology 

ISSN: 1001-4055  

Vol. 44 No.6 (2023),  

__________________________________________________________________________ 

1391 
 

[37]  Rianna, M., Sembiring, T., Amiruddin, E., & Sebayang, P. (2023). Co-precipitation synthesis of LaFe1-

xAlxO3 (x= 0–0.2) on structure and electromagnetic properties. Materials Science for Energy 

Technologies, 6, 43-47. 


