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Automotive engines contribute significantly to the global anthropogenic emission of the greenhouse gas, CO2. Consequently, forthcoming legislation on engine lubricants will place high demands on fuel economy, and require its retention as the oil is degraded by use. The project discussed here is a collaboration between tribologists and chemists with the aim being to achieve a greater understanding of this loss in engine efficiency due to lubricant thickening with use. 

To do this it is first necessary to understand the factors that control the rate of degradation of a lubricant, as well as the type and quantity of oxidation products that are formed. It is then necessary to understand the rheology of degrading lubricant; how the oxidation products formed change the viscosity as the oil ages. Finally, it is required to understand the tribology of the problem, i.e. how the increase in lubricant viscosity with use affects piston friction, and thereby the efficiency of the engine.


This presentation will give an overview of the project, as well as details of the chemical degradation and rheological changes that a lubricant experiences with use. Lubricant has been degraded in both in a research gasoline engine, and in bench-top reactors designed to mimic the conditions that a lubricant experiences in the piston assembly. 

The chemical degradation model being developed considers in detail the attack on a hydrocarbon base fluid by free radicals formed by the oxidation process, with separate attack on secondary and tertiary hydrogen atoms. The subsequent oxidation of these free radicals to form degradation products such as carboxylic acids, alcohols, ketones and alkenes is also described in detail. This chemical model has been refined by comparison with experiments in bench-top reactors on the oxidation of Group III lubricant base fluids, and structurally simpler analogues of hydrocarbon base fluids (squalane (C30H62) and tetramethylpentadecane). 

Measurements of the lubricant degradation in, and flow of lubricant through, the piston assembly of a gasoline engine have been made; this information is necessary for the modelling of chemical degradation in an engine, and simulations of the lubricant degradation in an engine using the chemical model are compared with experiment.

The modelling of rheological changes due to lubricant degradation is at an earlier stage of development, and work will be reported on the simulation of viscosity increase during the oxidation in bench top reactors of chemical analogues of hydrocarbon base fluids. 

