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Report:

Summary. V K-edge XAS experiments were
performed to chemically characterise the
interfacial phases formed on steel by novel
vanadium (IV) lubricant additives, under friction
conditions in a tribological contact. The chemical
composition of the V phases, which are likely
formed by complex mechanochemistry in the
tribological contact, were followed as a function of
high temperature, pressure, and shear. The in situ
XANES results, complemented by previous ex and
in situ XPS and NEXAFS studies, indicate the
tribochemical formation of a composite mixed
valence tribofilm, comprising of V(I11), V(IV) and
V(V), with notable variations between the bulk and
surface of the tribofilm.
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Fig 1. Sketch of the Tribometer set-up used for the in situ V K-edge
XAS experiments at beamline BM23.

(On Translation Stage)
Cables




Experiment Details. We used a custom-built tribometer (Fig. 1) to analyse time-resolved structural variations
as a function of process conditions by micro-focused fluorescence yield XAS inside and outside the wear scars.>
Scanning XRF mapping was used to identify the wear scar location where the VV-containing oil is present.
Results. We analysed various vanadium containing compounds with varying oxidation states including
VO(acac),, VButylate and VOTris lubricant additives. Discernible differences were observed in the ex situ
XANES spectra for the materials studied, most especially the features due to the 1s — 3d and 1s — 4p electronic
transitions.® These variations were used to elucidate the changes in the tribofilms formed from the three different
additives dispersed in three different oils. The in situ XAS data (Fig. 2) complements previous ex situ XPS and
NEXAFS studies, which indicate the presence of V(II1), V(IV) and V(V) following tribotesting. In all three
cases, triboreduction from a V(1V) to V(1) species is clearly evidenced by a decrease in intensity of the 1s —
3d peak and red shifts in both pre- and post-edge features. Notably, the three additives behave differently under
the same temperature, pressure and shear conditions. V reduction is evident in the VO(acac). system at an earlier
stage of the tribotesting (Fig. 2a — 5 mins) compared to the VButylate (Fig. 2b — 15 mins) and VOTris (Fig. 2c
— 60 mins) systems. This correlates with their varying anti-wear properties.
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Fig 2. V K edge in situ XANES spectra obtained inside the wear scar during tribological testing of the (a) VO(acac)2 (b) VButylate and (c)
VOTris additives in base oil.

Conclusions and Future Work. Ultimately, the molecular-level mechanistic information obtained will enable
the development of more effective and sustainable anti-wear additives. The results obtained from this experiment
will inform future in situ/operando XAS studies on the tribological properties of other vanadium and/or
molybdenum containing additives.
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