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Abstract: Perfluoropolyethers (PFPE) is a kind of high performance synthetic lubricant with low volatility, high thermal
and oxidation stability, good chemical inertia and insulation performance, as well as a wide range of liquid temperature
and excellent viscosity-temperature characteristics. PFPE has been widely used in aerospace, military, nuclear industry,
computer disk and other fields. With the rapid development of industrial technology, new requirements have been
proposed for the performance of the lubricants. As a result, the common perfluoropolyethers as lubricants gradually

cannot work well under the present working conditions. Moreover, it is difficult to improve the lubrication performance
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of perfluoropolyethers by conventional additives technology due to their poor compatibility with conventional additives.
Hence, in order to improve the antifriction and antiwear properties of perfluoropolyethers, researchers focused on
modifying their structures. Great efforts have been paid to improve the performance of perfluoropolyethers as lubrication
film in the field of computer disk, but as a kind of important aviation lubricating oils, their lubrication performances are
also in urgent need of improvement.

In this context, in this study three kinds of perfluoropolyether carboxylate ammonium ionic liquids (PF-BA, PF-DBA
and PF-TBA) were designed and synthesized by modifying the structure of perfluoropolyether carboxylic acid (PFPEC)
with different amines. The structures of synthesized ionic liquids were confirmed by infrared spectroscopy. Their shear
stress and viscosity at different shear rates were evaluated by a Rheometer, and the wetting ability on metal surfaces
were analyzed by the contact angle. Their lubrication performance for steel/steel and steel/tin bronze friction pairs at
25 °C and 100 °C were evaluated and compared by Optimal SRV-V oscillating friction and wear tester, where PFPE and
PFPEC were used as reference samples. And the variation of the tribofilm during the friction process were revealed by
the change of contact resistance. The surface morphologies and element state were analyzed by scanning electron
microscopy and X-ray photoelectron spectroscopy, respectively. Tribochemical reactions were investigated by
comparing the change in surface morphologies and element state of wear spot. By combining the above results, the
lubrication mechanism was explored.

Results showed that all the synthesized ionic liquids exhibited higher shear stress and viscosity than PFPEC.
Specifically, the ionic liquids with more N-H bonds in the cation exhibited higher viscosity and shear stress, possibly due
to the formation of hydrogen bond that can increase the intermolecular interactions. The viscosity and shear stress
gradually decreased with the increase of shear rate, while the viscosity of the ionic liquids with more N-H bond in the
cation decreased more rapidly. On the surface of tin bronze, the three ionic liquids exhibited better wetting performance
than PFPEC, but poorer than PFPE. While on the steel surface, the three ionic liquids exhibited better wetting abilities
than PFPEC and PFPE.

As lubricants for steel/tin bronze friction pairs, the friction coefficients and wear volumes of the three ionic liquids
were close to those of PFPE and PFPEC at room temperature, and their lubrication performance was improved
insignificantly. The synthesized ionic liquids exhibited much better anti-friction and anti-wear performance at high
temperature (100 °C) than PFPE and PFPEC. As lubricants for steel/steel friction pairs at room temperature, the friction
coefficients of the three ionic liquids were similar to that of PFPEC, and even a little higher than PFPE; while the wear
volumes decreased about 60%-70% in comparison with PFPE and PFPEC. At 100 °C, compared with PFPE and PFPEC,
the friction coefficients of the three ionic liquids were much more stable and lower, and the wear volumes were reduced
by 70% ~ 80%. Summarily, three synthesized ionic liquids had better friction-reduction and anti-wear properties than
that of PFPE and PFPEC both at room temperature and at high temperature as lubricants for steel/steel friction pair. The
contact resistances reflected the variation of the tribofilm, i.e. the higher contact resistance, the thicker tribofilm and
better lubricating properties. The results of tested contact resistances were consistent with the friction tests results.

According to the SEM morphologies of the worn surface lubricated by different lubricants, both the tin bronze and
steel worn surfaces exhibited abrasive wear. Among them, the worn surfaces lubricated by ionic liquids PF-TBA were
the smoother, and the parallel grooves were the shallower both at room temperature and high temperature. The steel
worn surfaces lubricated by the three ionic liquids were much smoother than that of PEPE and PEPEC.

From the XPS results, it can be seen that the composition and content of the friction films on the worn surface
lubricated by the three synthesized ionic liquids were different from that of PEPEC. The tribofilm formed on the steel
surfaces lubricated by the ionic liquids was consisted of Fe;0,, Fe,O53 and FeF;, the nitrogen-containing compounds and
adsorbed ionic liquids. The adsorption film of the ionic liquids on the metal surface was strong and the tribofilm was
thick.

The combined results of multiple physical and chemical analysis showed that the excellent friction-reduction and anti-
wear properties of synthesized ionic liquids can be attributed to their excellent adsorption properties on the metal surface

and the formation of stable tribofilm.
Key words: perfluoropolyether carboxylate ammonium ionic liquids; tin bronze; bearing steel; lubricating performance;
tribofilm
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Fig. 9 (a) Friction coefficient change with time, (b) mean wear volume and mean friction coefficient of different
lubricants under 100 °C (steel/steel friction pairs)
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Fig. 10 Contact resistance revolution with time during friction test under (a) 25 °C and (b) 100 °C (steel/tin bronze friction pairs)
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Fig. 13 SEM morphologies of the steel worn surfaces lubricated by different lubricants under 25 °C and 100 °C
(al~a4: PFPE; bl~b4: PFPEC; cl~c4: PF-BA; d1~d4: PF-DBA; el~e4: PF-TBA)
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