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ABSTRACT – Advancement in lubricant technology 

have played crucial roles in the pursuit of energy 

efficiency and machine durability. Ionic liquids (ILs) 

possess unique physicochemical properties and have 

shown immense potential in many applications with 

lubrication as one of the latest. This study analyzes the 

performance of three distinct ILs as additive in 

trimethylolpropane (TMP) ester, a type of bio-based 

lubricant. Four-ball tribotester was used to investigate the 

tribological behavior of these ILs when used as additive. 

The results suggested that IL1 and IL2 can improve the 

tribological performance of both PAO and TMP at 

concentration of 1 wt%. 

 

1. INTRODUCTION 

Ionic liquids (ILs) are composed of sterically 

hindered salts of organic cation and inorganic/organic 

anion, held together by intermolecular Van der Waals 

forces. Over the years, studies have shown promising 

results of using ionic liquids as neat lubricant. In the first 

research article to investigate the feasibility of ILs as 

lubricants, Ye et al. [1] used ionic liquids for multiple 

ferrous-nonferrous contact combinations. They found out 

that for steel-copper interaction at medium load, 1-

methyl-3-hexylimidazolium tetrafluoroborate, 

[mhim][BF4] exhibited the lowest COF (0.025) when 

compared to phosphazene (0.117) and perfluoropolyether 

(0.145) which are widely used as lubricants for head disk 

assembly components and space applications 

respectively.  

However, using ILs as neat lubricant is still 

unfavourable as the total cost is more expensive than 

conventional lubricants. Raw material issues, 

complications in the removal of by products and 

reusability of solvents are still the restraining factors for 

IL mass production. Currently, the use of ILs as lubricant 

additives has been the topic of interest for numerous 

studies due to the significantly lower cost than using as 

neat lubricant.  Most of the earlier studies involving ionic 

liquids as additives used mineral-derived base oils i.e. 

liquid paraffin and polyalphaolefin (PAO). Ionic liquids 

as an additive are capable of extensive improvement in 

the antiwear ability and load carrying capacity even at a 

low concentration without causing extensive corrosion of 

the surface. So far, little works have been carried out in 

order to fully understand the behavior of ionic liquid 

containing lubricant systems and efforts are still required 

to optimize ionic liquids different types of base oils, 

especially bio-based oils due environmental 

considerations. 

Khemchandani et al. [2] used two different 

phosphonium-based ILs, namely tributyl(methyl) 

phosphonium diphenylphosphate, [P1,4,4,4][DPP] and 

trihexyl(tetradecyl)phosphonium diphenylphosphate, 

[P14,6,6,6][DPP] as additive in TMP ester. The results 

suggested that both ILs demonstrated better wear and 

friction properties in comparison to the conventional 

antiwear additive amine phosphate (AP). In another 

study, Otero et al. [3] utilized the effectiveness of eight 

different types of ILs as additive in three ester-based oils 

(polymeric, trimellitate and TMP ester) and a vegetable 

oil (high oleic sunflower oil). They concluded that 

tri(butyl)ethylphosphonium diethylphosphate, [P4442] 

[C2C2PO4] is a good antiwear and friction reducing 

additive in polymeric ester, TMP ester and vegetable oil. 

 

2. METHODOLOGY 

The aim of this study is to find suitable antiwear 

additives for environmentally benign lubricants. Three 

different ILs were used, namely IL1, IL2 and IL3 as 

presented in Table 1. Two different base oils were used 

for comparative analysis which are a bio-based oil, TMP 

trioleate (TMPTO) and a synthetic hydrocarbon, 

polyalphaolefin (PAO). All ILs were obtained 

commercially and manufactured by Sigma-Aldrich, 

USA. ILs were added into the base oils at 1 wt% 

concentration and stirred using heated magnetic stirrer. 

The tribological performance were evaluated using four-

ball tribo-tester in accordance to ASTM D4172b 

standard. 

 

Table 1 Ionic liquids used in this study. 

Code Name 

IL1 

Trihexyltetradecylphosphonium bis(2,4,4-

trimethylpentyl) phosphinate, 

[P14,6,6,6][TMPP] 

IL2 
Trihexyltetradecylphosphonium decanoate, 

[P14,6,6,6][Deca] 

IL3 
1-butyl-3-methylimidazolium 

tetrafluoroborate, [BMIM][BF4] 

 

3. RESULTS AND DISCUSSION 

Table 2 shows the physicochemical properties of 

various blends. It can be observed that the addition of ILs 

did not alter the properties much in terms of viscosity and 

density in comparison to neat base oils (PAO and TMP). 
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Table 2 Physicochemical properties of all tested 

blends. 

Blends 

Properties 

aKV @ 

40⁰C 

aKV @ 

100⁰C 
VI bDensity 

PAO 45.98 7.76 138.0 0.8316 

PAO+IL1 46.38 7.79 137.0 0.8318 

PAO+IL2 46.20 7.76 136.8 0.8317 

PAO+IL3 46.10 7.78 137.9 0.8321 

TMP 48.75 9.57 185 0.9190 

TMP+IL1 49.83 9.81 187.3 0.9192 

TMP+IL2 49.74 9.57 180.5 0.9184 

TMP+IL3 48.77 9.68 188.5 0.9194 

a Kinematic viscosity (mm2/s), b Density (kg/m3) 

 

In terms of miscibility, IL1 and IL2 are fully 

miscible while IL3 did not fully miscible with both base 

oils as the blends appear to be cloudy. This might be due 

to the longer hydrocarbon chains in IL1 and IL3. ILs with 

long hydrocarbon chains are well matched with base oil 

structures [3]. 

Figure 1 shows the variation of the coefficient of 

friction (COF) over time. The average COF and wear scar 

diameter on steel ball surfaces are presented in Table 3. 

For PAO, all ILs reduced the COF and WSD compared 

to neat PAO, with IL1 and IL2 being the most effective 

(roughly 30% reduction in COF and 15% reduction in 

WSD for both ILs). TMP as neat lubricant showed 

superior lubricity performance when compared to PAO. 

This can be accredited to the presence of fatty acids 

molecules within the vegetable oils that can react with 

metal surfaces to form low shear strength metallic soap 

layer, therefore reducing friction between surfaces [4]. 

The addition of ILs further improve the lubricity of TMP, 

but not to such extent than that of PAO. TMP infused with 

IL1 and IL2 showed lower COF and WSD when 

compared to neat TMP (roughly 10% reduction in COF 

and 15% reduction in WSD for both ILs). IL3 however 

failed to reduce the COF. The effectiveness of ILs in 

reducing COF and WSD in both base oils might be due 

to their polar in nature enables them to readily adsorb 

onto metal surfaces, forming low shear rate layers that 

can facilitate the relative movement of tribotesting 

interfaces [4]. 

 

4. CONCLUSION 

When used as additive at 1 wt% concentration, IL1 

and IL2 able to improve the tribological performance of 

both PAO and TMP. Further studies should include other 

parameters such as the effect of different ILs 

concentration, interaction of ILs with different additives 

and the also the study on chemistry of tribofilm formation 

by ILs. 

 

 

 

 

 
Figure 1 Variation of COF over time. 

 

Table 3 Average COF and WSD. 

Blends Average COF Mean WSD (µm)

PAO 0.0979 562.69 

PAO+IL1 0.0699 527.69 

PAO+IL2 0.0681 467.51 

PAO+IL3 0.0855 432.51 

TMP 0.0725 495.50 

TMP+IL1 0.0664 431.11 

TMP+IL2 0.0640 410.12 

TMP+IL3 0.0743 468.91 
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