
Tribology International 194 (2024) 109506

Available online 4 March 2024
0301-679X/© 2024 Elsevier Ltd. All rights reserved.

Enhancing stability and tribological applications using hybrid 
nanocellulose-copper (II) oxide (CNC-CuO) nanolubricant: An approach 
towards environmental sustainability 

Sakinah Hisham a,b, K. Kadirgama c,d,e,*, Jasem Ghanem Alotaibi f, Ayedh Eid Alajmi f, 
D. Ramasamy c, Norazlianie Sazali a, Mohd Kamal Kamarulzaman g, T. Yusaf d,h, L. Samylingam i, 
Navid Aslfattahi j, Chee Kuang Kok i 

a Faculty of Manufacturing and Mechatronic Engineering Technology, University Malaysia Pahang, 26600 Pekan, Pahang, Malaysia 
b Advanced Nano Coolant-Lubricant (ANCL) Lab, Automotive Engineering Centre, Universiti Malaysia Pahang, 26600 Pekan, Pahang, Malaysia 
c Faculty of Mechanical and Automotive Engineering Technology, Universiti Malaysia Pahang, 26600 Pekan, Pahang, Malaysia 
d Almaaqal University, College of Engineering, Department of Civil Engineering, Basra 61003, Iraq 
e Center of Excellence for Advanced Research in Fluid Flow, Universiti Malaysia Pahang, 26600 Pekan, Pahang, Malaysia 
f Department of Automotive and Marine Technology, Public Authority for Applied Education and Training, Kuwait 
g Faculty of Engineering, Jalan UMS, 88400 Kota Kinabalu, Sabah, Malaysia 
h School of Engineering and Technology, Central Queensland University, Brisbane, QLD 4008, Australia 
i Centre for Advanced Mechanical and Green Technology, Faculty of Engineering and Technology, Multimedia University, Jalan Ayer Keroh Lama, Bukit Beruang, 75450 
Melaka, Malaysia 
j Institute of Fluid Dynamics and Thermodynamics, Faculty of Mechanical Engineering, Czech Technical University in Prague, Technická 4, 166 07 Prague, Czech 
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A B S T R A C T   

The primary aim of the present study is to assess the stability and efficacy of hybrid nanocellulose (CNC) and 
copper (II) oxide (CuO) nanoparticles when integrated into engine oil as a lubricant for piston ring-cylinder liner 
applications. The assessment of system stability was conducted by employing zeta potential measurements. 
Furthermore, the coefficient of friction and specific wear rate were determined by using hydrodynamic lubri-
cation in circumstances characterised by high speed and low load, as well as boundary lubrication in situations 
characterised by low speed and high load. The trials used a specially constructed friction and wear testing device 
miming the contact geometry between piston rings and cylinder liners in an internal combustion engine. 
Alongside SAE 40 oil, several nanoparticle concentrations (0.1%, 0.3%, 0.5%, 0.7%, and 0.9% added to SAE 40) 
were examined. The stability of the nanolubricant increased from 0.1% to 0.5% concentration and then declined 
at 0.9% concentration, according to the zeta potential data. The graph showed that the 0.5% concentration of the 
nanolubricant had the highest mean zeta potential, indicating exceptional stability. The CNC-CuO nanolubricants 
showed notable reductions in the friction coefficient regarding tribological performance. The friction coefficient 
reduced between 33% and 44% in mixed lubrication and 48% and 50% in boundary lubrication. There was a 
9–13% decrease in the friction coefficient when hydrodynamic lubrication was used. The CNC-CuO nano-
lubricant only showed light scuffing, while the SAE 40 sample showed severe exfoliation and scuffing. Wear rates 
had been enhanced by 33.5%. Overall, the 0.5% concentration of CNC-CuO nanoparticles improved the engine 
oil’s thermophysical properties and performance.   

1. Introduction 

The development of nanotechnology has made it possible to include 
nanoparticles into lubricating systems, which has resulted in significant 

improvements in lubricant effectiveness. The characteristics of the base 
oil can be modified either positively or negatively by including lubri-
cating oil additives, contingent upon variables such as the morphology, 
dimensions, and concentration percentage of the nanoparticles. 
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