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Hybrid quantum-classical simulation of extreme pressure additive TCP and iron oxide film
under high pressure (' Graduate School of Engineering, Nagoya Institute of Technology)
OSota Hayashi,' Shuji Ogata,' Masayuki Uranagase'

Extreme pressure additive such as tricresyl phosphate (TCP) is added to lubricating oil in
order to reduce wear and prevent seizure between machine components. TCP forms lubricating
film by its reaction with surface iron oxide under high pressure and high temperature. Its
formation process is less well understood. In the present work, we addressed its initial processes
by calculating corresponding free-energy barriers using realistic systems that include TCP, base
oil molecules, and iron oxide substrates under high temperature and high pressures. The target
systems were obtained through hybrid quantum-classical simulations based on DFT with
coarse-grained particle method. According to these results, we clarified effects of various
conditions that reduce transition state barrier free-energies of the TCP decomposition, including
iron oxide substrate, base oil molecules, pressure, orientation of TCP on the substrates.
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