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Nearly 75% of plastics are discarded as wastes which adversely impact the livelihood of all living species in 

our planet. Here, we describe high-quality lubricants (HQL) derived from plastic wastes providing comparable 

friction and wear to synthetic PAO10 but 40% lower wear than Group III mineral oil on AISI 52100 test pairs 

under severe conditions. When mixed with PAO, HQLs exhibit more than 20% reductions in friction at 

optimized concentrations. This discovery offers a unique opportunity for the development of next-generation 

eco-friendly lubricants that can save energy (through reduction of friction and wear) and our environment by 

reducing plastic pollution. 
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1. Introduction 

It is estimate that more than 8 billion tons of plastics have 

been produced since 1950s and nearly 60% of these have 

been discarded to the landfills, dumps, and/or our 

environment [1]. Only about 9% of these has ever been 

recycled. Undoubtedly, plastic wastes are becoming a 

major threat to the livelihood of all living species in our 

planet. Here we introduce a new family of high-quality 

liquids (HQL) derived from waste plastics through a 

catalytic conversion process and present their potentials 

as a new class of eco-friendly lubricants. These may 

potentially reduce the harmful environmental impacts of 

plastic wastes on our planet, save energy through reduced 

friction and wear and can also help toward a circular 

economy for plastics. 

2. Methods 

Friction and wear tests were performed using a ball-on-

disc tribometer and AISI 52100 steel ball-disk samples at 

temperatures up to 100 ºC and peak Hertz pressures of as 

high as 1.1 GPa in order to maintain severe boundary 

conditions during the test durations (ranging from 1 hour 

to 10 hours). The wear scars developed on the ball and 

disk samples were characterized using optical 3D surface 

profilometry and the chemical nature of the boundary 

films was analyzed using surface sensitive Raman 

Spectroscopy, XPS, and EDS techniques. 

3. Results  

Under the severe test conditions evaluated, the friction 

and wear performance of the HQLs were comparable to 

conventional synthetic fluids (such as polyalphaolefins 

(PAOs)), but much superior to the petroleum-based 

lubricants like Group III mineral oil (see Fig. 1). HQLs 

provided more than 40% reduction in wear on AISI 

52100 steel and some of the HQLs exhibited a very 

unique synergistic effect when mixed with PAO oil 

providing significant reductions in friction and wear at 

optimized concentrations of 20 to 30%.  
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Figure 1: (a) Friction and wear performance of a steel 

ball-and-disk test pair in pure PAO, Group III mineral oil, 

and two types of HQLs: namely high-density 

polyethylene (HDPE) and bubble-wrap-driven HQLs; (b) 

friction and wear of HQL+PAO mixtures at different 

concentrations. 

4. Discussion 

Our results show that the conversion of discarded plastics 

to high-quality lubricants is feasible. Fig. 1 reveals 

comparable friction and wear performance for HQLs and 

PAO, but lower friction than Group III oil. Lubrication 

performance is further optimized when 20–30% HQL is 

mixed with PAO10 oil suggesting a beneficial synergistic 

effect leading to much superior performance.  
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