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Abstract: In-Situ formed tribofilms are the first line of defense against wear in an internal combustion engine as
well as in various other applications such as gears, bearings etc. In addition, fuel economy in an automobile is
affected significantly by the frictional losses at various locations within the engine including bearings, piston and
piston ring regions etc. The chemistry of the tribofilms that are typically 100-200 nm thick largely controls the
friction and wear behavior. Over the last 70 years zinc dialkyl dithiophosphate (ZDDP) has been used as the
exclusive additive to minimize wear and control oxidative degradation of lubricants due to their low cost and good
wear performance. However, ZDDP suffers from some significant limitations, its volatility in the engine results in
deposits on catalytic convertors resulting in higher tailpipe emissions, the tribofilms formed using ZDDP result in
higher friction and lower fuel economy. In addition, the Zn present in the structure resulted in higher ash content
and larger sludge formation resulting in increased viscosity of the oil over time and lower fuel economy.
In this study a new molecular chemistry formed by fluorinating ZDDP, an ashless fluoro-thiophosphate
and an ashless thiophosphate are examined as possible replacement for ZDDP. Wear tests in base oil as well as in
several different fully formulated oils indicate that the fluorinated chemistries provide significant improvements in
wear protection over ZDDP and when blended with the appropriate friction modifying chemistry can significantly
reduce friction. Controlled conditions were used to generate tribofilms on steel substrates and their properties
examined to study the mechanism of formation of tribofilms on the surfaces and the influence of the starting
chemistry on the structure an properties. Surface analytical techniques such as scanning electron microscopy,
energy dispersive spectroscopy, Auger electron spectroscopy, X-ray absorption near edge spectroscopy,
transmission electron microscopy, focused ion beam were used to characterize the structure and chemistry of the
tribofilms. The mechanical properties of the tribofilms were examined using a nanoindenter. Information gathered
using these techniques was used to develop phenomenological models of the tribofilms.
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