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 Biodiesel has been proven to be a good fuel lubricity enhancer. 
However, limited work has been done to examine the potential of the 
methyl ester molecules in biodiesel as possible lubricant additives, with 
most of them mainly experiments involving tribotesters, which could be 
costly. An alternative approach is to resort to molecular dynamics 
simulation. Detailed tribological studies using such approach first 
require the capability of modeling lubricant rheological properties 
accurately. Therefore, as an initial approximation, the current study 
intends to apply an all-atom molecular dynamics approach to determine 
the rheological properties for Methyl Oleate and Methyl Palmitate. 
Using molecular dynamics, it is shown that the simulated properties, 
including density, radius of gyration, self-diffusion coefficient and 
dynamic viscosity, for both methyl ester molecules correlate well with 
reported literature data. Thus, this provides a molecular level foundation 
to further enhance the understanding of tribological properties for such 
molecules in forming tribofilms along lubricated contacts, consisting of 
engineering surfaces. 

 
1. Introduction 

It is estimated that approximately 22 million 
tonnes of lubricant is consumed globally in the 
year 2015 [1]. From these amounts, a large 
majority of the lubricants is still mineral-based. 
It is also realized that synthetic lubricant 
additives could also lead to lubricant-derived 
emissions, possibly impacting the exhaust-
after-treatment system in vehicles, which might 
eventually emit toxic pollutants [2]. Therefore, 
a new concept, known as Green Tribology has 
been introduced in view of the environmental 
impact of tribology. The concept includes the 
science and technology of tribological aspects 
of ecological balance and of environmental and 
biological impacts [3]. 

One of the principles of the concept focuses 
on the utilization of biodegradable lubrication 
[4]. Vegetable oil based and/or animal fat based 
natural lubricant should be taken into 
consideration for use in lubrication systems of 
automotive, hydraulic and metal-cutting 

applications. An alternative to petroleum-based 
lubricant/additive is biodiesel. Biodiesel is 
known as monoalkyl esters derived from either 
vegetable oil or animal fat through 
transesterification. It is commonly utilized as an 
additive to improve the lubricity of petro- diesel 
[5]. This property is attributed to their polarity 
imparting oxygen atoms [6]. Such mechanism 
in imparting lubricity is similar to a friction 
modifier in a typical lubricant. However, only 
limited work has been conducted to explore the 
potential of biodiesel as possible alternative 
biodegradable friction modifier [7], with most 
of them experiments involving tribotesters [8], 
which could prove to be costly.  

An alternative method in better 
understanding the fundamentals of tribofilm 
formation of biodiesels can also be studied 
using molecular dynamics studies. To 
understand the tribological properties of methyl 
ester molecules, it is essential to be able to first 
simulate the rheological properties of these 



Mytribos Symposium 2 (2017) pp.14-18 

 15 

molecules. Therefore, the current study aims to 
apply a molecular dynamics approach to 
simulate the rheological properties of methyl 
ester molecules. Recently, Hamdan et al. [8] 
found that frictional losses for a biodiesel-
lubricated contact reduce with decreasing 
mono-unsaturated to saturated fatty acid methyl 
ester ratio. Hence, the current scope of the study 
covers the development of an all-atom 
molecular dynamics model for methyl ester 
molecules of biodiesel, namely Methyl Oleate 
(C18:1) and Methyl Palmitate (C16:0), which 
are also the two most commonly found 
composition in vegetable oil derived biodiesels. 
Upon completion of this study, it is expected 
that this could provide a platform to further 
enhance the understanding of the molecular 
interaction along tribological conjunctions in 
forming tribofilms.  
 
2. Experimental procedure 

In this study, all-atom molecular dynamics 
models are being setup for both Methyl Oleate 
and Methyl Palmitate molecules (as given in 
Figure 1) to simulate their rheological 
properties. The atom-atom interactions and 
atomic charges are determined using the 
Condensed-phase Optimized Molecular 
Potentials for Atomistic Studies (COMPASS) 
force fields [9].  

 

  
(a) Methyl Oleate 

(C18:1) 
(b) Methyl Palmitate 

(C16:0) 
 
Figure 1: Molecular structures for simulated 
methyl ester molecules 
 

The all-atom models are solved using 
Large-scale Atomic/Molecular Massively 
Parallel Simulator (LAMMPS) in the current 
study. The simulated system for each of the 
methyl ester molecules consists of 150 
molecules. These molecules are packed and 
randomized using PACKMOL [10], giving an 
initial configuration of the simulated system. 
Then, LAMMPS input for the system is 
generated using Moltemplate [11]. It is to note 
that periodic boundary conditions are utilized 
along x, y and z directions. A cutoff distance of 

14 Å is applied to account for non-bonded 
interactions, such as electrostatic and van der 
Waals interactions.  

The energy for the initial all-atom molecular 
dynamics system generated using PACKMOL 
is first minimized in LAMMPS. Then, the 
system is heated up to 500 K for 1 ns using 
isothermal-isobaric (NPT) ensemble at 1 bar 
pressure. The heated system is later cooled 
down from 500 K to 333 K for 5 ns in NPT 
ensemble at 1 bar pressure. After this, the 
system is equilibrated at 333 K and 1 bar 
pressure for 1 ns using NPT ensemble.  Using 
the equilibrated system, a production run is then 
executed for 10 ns in the canonical (NVT) 
ensemble at 333 K. It is to note that a time step 
of 1 fs is used with time reversible Reference 
System Propagator Algorithm (rRESPA) multi-
scale integrator [12] through out the whole 
simulation. Figure 2 shows the simulation box 
for 150 Methyl Oleate molecules.  

 
 
Figure 2: Simulation box for Methyl Oleate 
molecules (150 molecules).  
 

From the production run, rheological 
properties for the investigated methyl ester 
molecules can be determined. This includes 
calculating the radius of gyration using: 

 

𝑅"# =
1
𝑀

𝑚( 𝑟( − 𝑟+, #

(

 (1) 

where 𝑀 refers to the total mass of the group, 
𝑟+, refers to the center-of-mass position of the 
group. Then, the Mean Squared Displacement 
(MSD) is computed using: 
 

𝑀𝑆𝐷 = 𝑟 𝑡 − 𝑟(0) #  (2) 

where 𝑟 𝑡  refers to the position vector of a 
particle at time 𝑡 and 𝑟 0  refers to the initial 
position vector of this particle. Using the MSD 
values computed as a function of simulation 
time, the self-diffusion coefficient can then be 
determined based on Einstein’s relation as 
follow:  
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𝐷 = lim
6→8

1
6𝑡

𝑟 𝑡 − 𝑟(0) #  (3) 

Finally, from the self-diffusion coefficient, 𝐷, 
the dynamic viscosity of the simulated methyl 
esters are then calculated using the Stokes-
Einstein relationship given below: 
 

𝜂 =
𝑘<𝑇
4𝜋𝐷𝑟@

      (4) 

where 𝑟@ is the hydrodynamic radius, which in 
the current study is assumed to be ≈ 𝑅". 
 
 
3. Results and discussion 

The current study intends to determine the 
rheological properties for Methyl Oleate and 
Methyl Palmitate all-atom molecular dynamics 
systems. The COMPASS force field is applied 
to take into account for the atom-atom 
interactions and atomic charges.  

Table 1 shows the simulated densities for 
the simulated Methyl Oleate and Methyl 
Palmitate all-atom systems at 333 K. It can be 
observed that the simulated densities vary at 
2.37% and 2.39% from the reported literature 
values [13] for Methyl Oleate and Methyl 
Palmitate, respectively. This shows a good 
correlation between the simulated systems and 
the reported literature data. The simulated radii 
of gyration, R_g for Methyl Oleate and Methyl 
Palmitate systems are summarized in Table 2, 
which can also be observed to be within the 
range reported in literature data.  
 
Table 1: Simulated density (g/cm3) values for 
investigated methyl ester systems at 333 K [13]. 

Molecule type Simulation Literature 
Methyl Oleate 0.825 0.845 
Methyl Palmitate 0.816 0.836 

 
Table 2: Simulated radii of gyration, 𝑅" (Å) 
values for investigated methyl ester systems at 
333 K [14].  

Molecule type Simulation Literature 
Methyl Oleate 5.3 5.4±0.5 
Methyl Palmitate 5.4 6.1±0.5 

 
Figure 3 illustrates MSD values as a 

function of simulation time for both the 
simulated Methyl Oleate and Methyl Palmitate 
systems. The linear trends produced correlate 
well with the intended simulated liquid phase 
for the methyl ester systems at 333 K. By curve 
fitting the MSD values against simulation time 
data, self-diffusion coefficient, D for Methyl 
Oleate and Methyl Palmitate can then be 
determined as given in Table 3. Using these 
values, it is then possible to calculate the 

dynamic viscosities for both the methyl ester 
systems using the Stokes-Einstein relationship 
given in equation (4).  

 

 
 
Figure 3: Mean squared displacement (MSD) 
values as a function of simulated time for 
investigated methyl ester systems at 333 K.  
 
Table 3: Simulated self-diffusivity coefficient, 
D (×10-10 m2/s) for investigated methyl ester 
systems at 333 K [14].  

Molecule type Simulation Literature 
Methyl Oleate 2.5 2.9 
Methyl Palmitate 2.9 2.4 

 
 

 
(a) Methyl Oleate (C18:1) 

 
(b) Methyl Palmitate (C16:0) 

 
Figure 4: Dynamic viscosities for simulated (a) 
Methyl Oleate and (b) Methyl Palmitate at 
different temperatures (Solid and dashed line 
refers to literature data [13]).  
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Figure 4 shows the dynamic viscosity 
change with temperature for Methyl Oleate and 
Methy Palmitate all-atom molecular dynamics 
systems. It can be observed that the change of 
dynamic viscosity with temperature correlates 
reasonably well with the trends reported in 
literature data [13]. 
 
4. Conclusion 

The study aims to simulate rheological 
properties for Methyl Oleate and Methyl 
Palmitate systems using all-atom molecular 
dynamics simulation. The atom-atom 
interactions and atomic charges used in the 
methyl ester systems are defined by COMPASS 
force field and then solved using LAMMPS. It 
is shown here that the all-atom models setup 
proposed in this study for Methyl Oleate and 
Methyl Palmitate molecules exhibit rheological 
properties (e.g. density, radii of gyration, self-
diffusion coefficient and dynamic viscosity) 
with good correlation as compared to the data 
reported in literatures. This shows that the all-
atom molecular dynamics model using 
COMPASS force field is capable of simulating 
the rheological properties of methyl ester 
molecules, such as Methyl Oleate and Methyl 
Palmitate. This presents a good foundation to 
conduct molecular studies with respect to the 
tribological properties (e.g. shear and load 
carrying capacity) of methyl ester molecules 
using molecular dynamics approach, which 
could enhance the understanding of tribofilm 
formation of these molecules on engineering 
surfaces.  
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