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ABSTRACT – Piston top ring-liner situation was 

simulated using a passenger car engine top ring sliding 

on a cast iron disk, on a pin-on-disk tribo-tester. Friction 

and wear control performance of neat PFAD, its ZDDP 

and dithiocarbamates formulates were evaluated under a 

severe load (200N) serving condition possible with 

today/future cars’ internal combustion engines. 0.5%(wt) 

MoDTC, followed by 0.1%(wt) ZDDP separately doped 

PFAD produced the lowest friction and wear, comparable 

to a commercial premium engine oil. PFAD can be a 

“cost-competitive green base oil” in Malaysia, and can be 

a contributor to the growing global bio-lubricants market. 

 

1. INTRODUCTION 

Environment sustainability and energy 

independence, are factors in adopting vegetable oils 

(VOs) as basestocks for engine oils.  VOs possess 

extremely low toxicity, high biodegradability, attractive 

tribological characteristics and solubilising power, 

superior to petroleum-derived and synthetic oils [1]. The 

last two characteristics grant that with the aids of 

additives, VOs can meet the tribological demands in 

modern days and future generation vehicle engines.  

In the automotive engine, a major representative 

motion mechanism whose tribological characteristics 

largely impact the engine’s fuel and oil consumptions, 

power loss and emission of harmful exhaust is the piston 

rings - cylinder bore mechanism [2]. Apart from severe 

wear, the energy lose to friction through the said 

mechanism is estimated to be 50% [3]. 

Recent global rise in demands of passenger cars in 

emerging economies have stimulated growth of 

lubricants market, especially bio-based (for 

environmental reasons). PFAD can be a “cost-

competitive green base oil” in Malaysia, as it is produced 

in large quantity in the country (average of 0.678 million 

MT) in 2015 [4]. Its use in formulating bio-based engine 

oil will reduce environmental impact from engine 

lubricating oils, improve vehicle engines efficiencies, 

and extend the market for the product. So far, no study on 

the tribological properties of PFAD has adequately mimic 

the real severe conditions which lubricants face at the 

interface of the piston ring-cylinder bore of car engines.  

The objectives of this study is to evaluate the 

performance of PFAD and its formulates as lubricant for 

the serving conditions possible with today and future cars 

internal combustion engines. 

 

2. METHODOLOGY 

Acceptable friction and wear evaluation should 

simulate nearly exact and actual operating conditions of 

the mechanism. In the current work, the test methodology 

is employed under laboratory conditions to simulate the 

engine (cylinder bore-piston ring) operating environment 

including the use of sliding-contact materials, a cast iron 

disk having very near composition and surface profile to 

cylinder bore, and a compression piston ring piece of a 

passenger car engine. The ring was cut to 30mm chord 

length (to fit properly into the pin holder unit for 

clamping (Figure 1) and used as the pin. This 

arrangement was run on a pin-on-disk Tribo-tester under 

applied normal load of 200N (selected based on 

established concept from the work of Obert et al. [5]) for 

a sliding distance of 1500m at 27°C.  

 

 
Figure 1 Piston ring piece clamped on pin holder 

 

We first examined the friction and wear behaviour 

of the arrangement under the lubrication of 3ml of neat 

PFAD and later under PFAD separately additivated with 

ZDDP, molybdenum dialkyldithiocarbamates (MoDTC), 

mythelene bis(dibutyldithiocarbamate) (MyDTC), & 

ZDDP+MoDTC. A premium commercial engine oil (EO) 

was also used as a lubricant under the same test 

conditions for comparison. In each test, 3ml of the oil 

sample was supplied at the rubbing interface, to simulate 

the oil starvation lubrication characteristics of the 

compression ring-cylinder liner arrangement. Each test 

was run in duplicate to ensure repeatability. 

 

3. RESULTS AND DISCUSSION 

Figure 2 which presents the average coefficient of 

friction (CoF) of the tested sample, shows that boundary 

lubrication conditions exist in the piston ring-disk 

contact, owing to high values of CoF. These imply direct 

surface contact, such that asperities separation to reduce 

friction is by formation of reaction products or chemical 

films from oil chemistry at the contact zone of the 

substrates. There is high value of CoF under neat PFAD 

test, suggesting the need for additives.  

While blend of PFAD with each of the additives 

presented significant reduction in CoF, MoDTC led 

ZDDP and MyDTC especially at 0.1(%wt) and 0.5(%wt) 

concentrations. MoDTC controls friction by forming 
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MoS2 at the tribo-contact zone of the substrates. 

Decomposed product of MoDTC acting as a soft base 

reacts with iron (from substrates) as soft acid to form iron 

sulphide (FeSx) which in collaboration with nitrogen-

based compounds (from the decomposed MoDTC) and 

polar heads from high free fatty acids of PFAD, become 

the tribo-film composition. The physisorption and 

chemisorption of these compounds result in reduced 

friction and wear. At low concentration (0.25 %wt), 

ZDDP offered the best CoF as in previous study [6]. 

ZDDP might have achieved this by formation of tribofilm 

composing of Zn, S, and P species, being its active 

chemistry in wear and friction control. MyDTC nearly 

equated ZDDP in friction control at other %wts, except 

at 0.25 (%wt) which it seems to have produced 

insufficient surface active matrix.  

 

 
Figure 2 CoF versus additives concentration. 

 

 
Figure 3 Average wear versus additive concentration. 

 

From Figure 3, 0.1%(wt) of either ZDDP or 

MoDTC in PFAD contributed significantly to the 

lowering of wear of the piston ring. While 

increased %(wt) of ZDDP increased wear, increased of 

MoDTC to 0.5%(wt) reduced the wear rate to the lowest 

value implying that MoDTC has significant anti-wear 

properties as observed in previous studies [6, 7]. 

Lower %(wt)s of MyDTC in PFAD showed no influence 

on the wear control, likely due to poor degradation during 

sliding contact, such that substrates had insignificant ion 

exchange reaction with the additive until its composition 

reached 0.5%(wt). ZDDP and MoDTC, degraded in 

PFAD, as sliding contact took place, forming tribo-layer 

containing the wear preventive chemistry of ZDDP and 

of MoDTC in the respective formulations and tests.  

0.1%(wt) ZDDP favours wear control compared to 

0.25%(wt), hence was combined with 0.5%(wt) MoDTC 

in PFAD and tested. However, instead of the expected 

synergistic ligand exchange reaction between the 

additives [7], there was higher wear (466 micron) and 

insignificant impact on CoF as reported elsewhere [6]. 

This may be due to non-conformity to equi-molar 

concentration stated in previous study [7] and/or by 

different decomposition mechanisms and/or tribo-film 

species interactions in PFAD. From Figures 2 and 3, 

0.5%(wt) MoDTC, followed by 0.1%(wt) ZDDP 

separately doped PFAD produced the lowest friction and 

wear, comparable to a commercial engine oil (EO). The 

wear images (Figure 4) are elliptical approving true 

contact mechanism of the simulate engine parts [2]. 

 

    

    
Figure 4 Microscopic images of the worn tested rings 

surfaces (500X). (a) EO, (b) PFAD, (c) 0.5%MoDTC 

+PFAD, (d) 0.1%ZDDP+0.5%MoDTC+PFAD  

 

4. CONCLUSION 

Piston top ring-liner situation was simulated using a 

passenger engine top ring, sliding on a cast iron disk on 

a pin-on-disk tribo-tester. The influence of neat PFAD 

and its ZDDP, MoDTC and MyDTC formulates, as 

lubricants, on the wear and friction control at the rubbing 

zone of the arrangement were studied under the same 

load of 200N, for a distance of 1500m at room 

temperature (27°C). 0.5%(wt) MoDTC, followed by 

0.1%(wt) ZDDP separately doped PFAD resulted in the 

lowest friction and wear, comparable to the EO. 
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