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Introduction: Development of lubricants for gears is very complex and has important 
implications to economy and environment. In the last decade, ionic liquids (ILs) have been 
proposed to be used as base lubricants or lubricant additives in different studies [1-3] due 
to their unique properties. Their chemical structure determines largely the tribological 
performance, so this possibility of controlling the physicochemical properties of ILs by 
changing their ions is another advantage for the preparation of tailor-made lubricants for 
special applications [4]. The ILs most widely studied, those containing the anions [BF4]- 

and [PF6]-, decompose in presence of water to produce corrosive hydrogen fluoride [1,3]. 
Alternative ILs have started to be studied, for example ILs with the anions 
bis(trifluormethylsulfonyl)imide, [NTf2]-, alkylsulfate, [CnSO4]-, or 
tris(tetrafluoroethyl)trifluorophosphate, [(C2F5)3PF3]-. Alkylsulfate anions are halogen-
free and ILs like [C2C1im][C2SO4] are being studied as lubricants for 
microelectromechanical systems (MEMS) among other applications[5]. Furthermore, the 
alkyl side length of [C2C1im][CnSO4] modifies their sensitivity to hydrolysis, being lower 
for ILs with longer alkyl chain [6]. Thus, a higher hidrophobicity was reported as a good 
characteristic to obtain a better tribological behaviour [7]. [NTf2]- and [(C2F5)3PF3]- are 
examples of hydrophobic anions [1] and ILs base on each of them have shown good 
results as lubricants. In this work we present the tribological behaviour of four ionic 
liquids (ILs), two of them containing an alkylsulfate anion (1-ethyl-3-methylimidazolium 
ethylsulfate, [C2C1Im][C2SO4], and 1-ethyl-3-methylimidazolium hexylsulfate, 
[C2C1Im][C6SO4]) and the other two a bis(trifluoromethylsulfonyl)imide anion (1-(2-
methoxyethyl)-1-methyl-pyrrolidinium bis(trifluoromethylsulfonyl)imide, 
[C1OC2C1Pyrr][NTf2], and 1-butyl-1-methylpyrrolidinium 
bis(trifluoromethylsulfonyl)imide, [C4C1Pyrr] [NTf2].  

Experimental: Samples of the four ILs were kindly provided by Merck (Germany) with 
purity ≥98%. Before being used, they were treated under vacuum pressure (10 Pa) at 
room temperature, for at least 48 h, to remove by evaporation the residual volatile 
impurities. Tribological tests were carried out at room temperature, in air, under a normal 
load of 8 N with a sliding velocity of 0.02 m/s and for a sliding distance of 20 m, using a 
reciprocating ball-on-plate CSM Standard tribometer. The upper ball, made of AISI100Cr6 
stainless steel (diameter of 0.5 mm, hardness 848 HV), slid against an AISI 420 (hardness 
245HV) stainless steel prismatic plate with five drops of lubricant previously inserted in 
the contact area. The friction coefficient curve with the sliding distance was generated 
automatically by the tribometer software. Each test was repeated eight times and the 
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average friction coefficient was provided. Volume loss of the lower plate due to wear was 
determined from cross-section area measurements of each wear track at five equidistant 
points using a DEKTAK3 stylus profilometer. 

Results and discussion: Figure 1 shows an example of the friction coefficient recorded as 
function of sliding time for the four ILs. In this figure can be seen that, at the end of the test, 
the friction coefficient is almost stable for all the ILs, but only for the [C2C1Im][C6SO4] this 
value is lower than at the firsts 750 seconds. The worst result was obtained for 
[C1OC2C1Pyrr][NTf2], which reached a value of approximately 0.06. 

 

Figure 1. Sliding friction recording for the ILs studied:   [C2C1Im][C2SO4], 
[C2C1Im][C6SO4],  [C4C1Pyrr][NTf2],  [C1OC2C1Pyrr][NTf2]. 

Figure 2. a) Mean friction coefficients, µaverage, and b) wear volume loss, V, produced with 
the ILs studied: �[C2C1Im][C2SO4], �[C2C1Im][C6SO4], �[C4C1Pyrr][NTf2], � 

[C1OC2C1Pyrr][NTf2]. Error bars are also indicated. 

Regarding the friction coefficient average, the results presented in Figure 2a show that the 
lowest value was obtained with [C2C1Im][C6SO4] (0.038), followed by [C2C1Im][C2SO4] and 
[C4C1Pyrr][NTf2] (0.042 in both cases) and, finally, the worst was [C1OC2C1Pyrr][NTf2] 
(0.053). 

Concerning the wear volume loss (Figure 2b) the order, from the lowest to the highest, 
was: [C2C1Im][C2SO4]< [C1OC2C1Pyrr][NTf2]< [C4C1Pyrr][NTf2]< [C2C1Im][C6SO4]. So the IL 
with the lowest friction coefficient had the highest wear volume loss, and the one with the 
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worst friction coefficient was the second better in wear volume loss. Similar results, 
where the IL was able to reduce the friction but not the wear loss, were obtained by Qu et 

al.[8] and were attributed to possible tribochemical reactions.  

Conclusions: Four ILs, two containing alkylsulfate and two with 
bis(trifluoromethylsulfonyl)imide anions, were studied as neat lubricants. The tribological 
results showed that the [C2C1Im][C6SO4] reached the lowest friction coefficient, but was 
not able to reduce the wear volume loss. Comparing the anions, at least one of the 
alkylsulfate ILs was better, in friction coefficient or wear volume loss, than both ILs with 
[NTf2]. 
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