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 The present study investigates the performance of two ionic liquids (ILs) 

namely, trihexyl(tetradecyl)phosphonium bis(2,4,4-trimethylpentyl) 

phosphinate (IL1) and trihexyl(tetradecyl)phosphonium decanoate (IL2) 

as lubricant additive in bio-based oil, trimethylolpropane trioleate 

(TMPTO). The compatibility of the ILs with other conventional additives 

namely, glycerol monooleate (GMO) and molybdenum dithiocarbamate 

(MoDTC) were also evaluated. The additives were added at 1.0 wt.% 

concentration and evaluated in terms of their friction and wear reducing 

abilities. High frequency reciprocating rig (HFRR) tribotester were 

employed to evaluate the tribological performance under boundary 

lubrication regime using piston ring-cast iron contact geometry. The 

results implied that the combination of IL, GMO and MoDTC improved 

the tribological performance of TMPTO. They showed good friction 

reduction and able to reduce the specific wear rate.  

 
1. Introduction 

Conventional petroleum lubricants have 

been known to pose pollution to the 

environment. The pollution comes from the 

poor disposal techniques and accidental 

spillage, causing severe damages to the 

environment. As alternative, bio-based 

lubricants are starting to gain more and more 

popularity mainly because of how they are 

environmentally friendly, biodegradable and 

exhibited superior frictional performance [1]. 

Therefore, many studies have been done to 

explore more benefits that we can obtain from 

bio-based lubricants. 

Lubricant efficiency is always judged by 

determining how much friction and wear it 

produces due to the frequent interaction 

between moving parts. In most cases, wear is 

the bigger concern compared to friction because 

wear affects the performance of a mechanical 

system and maintenance interval.         Hence, 

various lubricant formulations with different 

additive technologies have been widely studied 

to identify the ultimate lubricant that would 

result in less friction and wear while also 

enhancing performance. 

Ionic liquid has been famously studied 

because of its unique properties and 

characteristics. It is also known as a green 

solvent due to its minimal risk towards the 

environment. As neat lubricant, ionic liquid 

possesses the right qualities like having superior 

tribological performance, low vapor pressure, 

high thermal stability and non-flammable [2, 3]. 

However, ionic liquid is still rather expensive. 

Thus, for now, it would be economically better 

to use it as a lubricant additive instead of as base 

lubricant. 

To date, there is still a large gap regarding 

the performance of ionic liquid as additive in 

different base oil and their compatibility with 

other commercial lubricant additives. 

Therefore, the aim of the present study is to 

investigate the tribological performance of 

ionic liquid mixed with two other commercial 

additives, namely glycerol monooleate (GMO) 

and molybdenum dithiocarbamate (MoDTC). A 

bio-based lubricant, namely trimethylolpropane 

trioleate (TMPTO) was used as the base oil 

instead of conventional mineral-based oil. The 

tribological characteristics will be evaluated 

using high frequency reciprocating rig (HFRR) 

with piston ring-cast iron contact geometry. 
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2. Methodology 
All the materials were obtained 

commercially and used directly without any 

prior modification. Two types of ionic liquid 

were chosen to be investigated in this study 

namely, trihexyl(tetradecyl)phosphonium bis 

(2,4,4-trimethylpentyl)phosphinate (IL1) and 

trihexyl(tetradecyl)phosphonium decanoate 

(IL2). They were chosen specifically because 

they are well-miscible in oil and contain 

phosphorus, a well-known element for 

improving tribological performance of sliding 

interfaces as reported by previous researchers 

[4].  

TMPTO was selected to be used as the base 

oil as TMP ester has been widely reported to 

have good lubricity [5, 6]. GMO and MoDTC 

were selected as they have been reported to be 

good friction modifiers that could effectively 

reduce friction when used together [7]. The 

additives were added into TMPTO based on 

weight-to-weight percentage and blended using 

magnetic stirrer to ensure a homogeneous 

solution. The weight-to-weight percentage 

composition is as presented below. 

 

Table 1: Additive composition for each sample. 

Sample 
Concentration (wt.%) 

TMP IL1 IL2 G M 

TMPTO 100 - - - - 

TMP+IL

1 
99 1 - - - 

TMP+IL

2 
99 - 1 - - 

TMP+IL

1 +G+M 
97 1 - 1 1 

TMP+IL

2 +G+M 
97 - 1 1 1 

 

 
 

Figure 1: HFRR test set up. 

 

Evaluation of coefficient of friction (COF) 

was done using HFRR. Actual piston ring 

specimens were used and slid against grey cast 

iron plate as presented in Figure 1. To ensure 

boundary lubrication regime is involved, high 

normal load (100 N) and moderate speed (10 

Hz) were employed for duration of 60 min. The 

stroke length was set 5 mm and oil bath 

temperature was kept constant at 75 ºC. Upon 

completion, the CoF was determined as the ratio 

of frictional force, F (N) and applied load, W 

(N). Afterwards, the specific rate for each 

sample was calculated based on mass loss of 

cast iron plate and piston ring segment after 1 

hour of HFRR tribotesting. 

 

3. Results and Discussion 

Figure 2 presents the frictional trend and 

the average resulting COF (stated in bracket) 

for all samples during HFRR test. Throughout 

60 minutes, the COF trend showed that all 

tested samples took roughly 10 to 15 minutes in 

order to shift from running-in to steady state 

condition. Neat TMPTO without additive 

produced the highest average COF of 0.079 

while the optimized lubricant sample 

T+IL1+G+M resulted the lowest COF of 0.051, 

about 35% lower than that of base oil without 

any additive. 

When comparing the two ionic liquids, 

T+IL1 produced average COF of 0.062 while 

T+IL2 resulted in average COF of 0.065, 

roughly about 5% difference. The results 

indicated that both ILs were capable of further 

reducing the COF of TMPTO base oil. 

Difference in performance between IL1 and IL2 

can be accredited to the difference in 

phosphorus content. IL1 contains phosphorus in 

both cation and anion part while IL2 only 

contains phosphorus in the anion part. It was 

reported that phosphorus-containing ILs help in 

further reduction of COF through the adsorption 

of IL-derived tribofilm onto the interacting 

surfaces and form phosphoric acid (friction 

modifier) during surface interaction [4, 8]. 

T+IL2+G+M produced average COF of 

0.062, about 21% lower and 22% higher than 

those of neat TMPTO and T+IL1+G+M 

respectively. Such results suggested that in 

overall, the combination of selected lubricant 

additives is suitable and can function 

synergistically in reducing friction when 

compared to neat base oil. The result was also 

in coherence with that of when IL was added 

alone, implying that IL1 was better than IL2 for 

friction reduction. 

As presented in Table 2, the combination of 

additives resulted in lower specific wear rate 

compared to those of neat TMPTO. Such result 

can be related with lower COF recorded by 

additivated samples, indicating that reduction of 

friction between interacting interfaces lead to 

lower volume loss of surface material. 

However, in depth analysis of the surface 

characteristics and morphology need to be 

carried out using scanning electron microscopy 

(SEM). 
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Figure 2: Variation of COF over time and the average COF for each samples (shown in bracket). 

 

The possible justifications for friction 

reduction offered by the additives are as 

follows. Friction reduction of GMO is achieved 

through the adsorption of negatively-charged 

hydroxyl group on metallic surfaces [9]. For 

MoDTC, it’s decomposition during rubbing 

motion resulted in the formation of low shear 

strength MoS2 tribolayer [7, 10] However, to 

confirm the formation of such tribolayers, in 

depth analyzing techniques such as X-ray 

photoelectron spectroscopy (XPS) and Auger 

electron microscopy (AES) need to be 

incorporated. 

  

Table 2: Specific wear rate for tested all 

samples. 

Sample 

Specific wear rate 

(mm3/N.mm) 

Cast iron 

plate 

Piston ring 

segment 

TMPTO 0.007049 0.007864 

T+IL1 0.003725 0.003241 

T+IL2 0.004147 0.003814 

T+IL1+G+M 0.002410 0.002145 

T+IL2+G+M 0.002637 0.002364 

 

4. Conclusion and Recommendations 

From the results obtained, the combination 

of IL, GMO and MoDTC at were able to reduce 

the average COF and specific wear rate when 

compared to those of additive-free TMPTO 

base oil, suggesting that all three additives work 

synergistically in reducing friction and wear. 

On the basis of obtained results, the 

following actions are recommended to carry out 

in order to increase the significance of this 

study. First, in depth analyzing techniques need 

to be carried out to confirm the involvement of 

each additive in the formation of tribolayers 

during operation. Then, optimization tools can 

be implemented to optimize the composition of 

each additive component that will result in 

minimal friction and wear. The use of 

optimization tools also can indirectly help in 

saving the overall formulation cost by reducing 

the amount of a particular additive. 
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