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Abstract: Due to the strong Van der Waals force, agglomeration will occur to nanoparticles, 

which added into bio lubricant. Although some studies show that homogeneity in the mixture does 
not have a significant effect on lubricant behavior in friction reduction, but a more stable mixture is 
more expected. In experiments, the agglomeration that occurs is observed visually. The disadvantage 
is that this method is considered inefficient because of time-consuming. This study is aimed to assess 
this agglomeration phenomenon using molecular dynamics simulation methods. The simulation 
results show that mixtures of TMPTO with less than 0.4wt% hBN additions have a good 
dispersibility. 
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1.  Introduction  
As with animal fat, plant oil can also be used as a 

lubricant. This plant oil or what we called as bio lubricants 
can be synthesized from plants that its seed is containing 
oil such as palm, canola, soybean, castor, jatropha, 
coconut and rice bran1)⁠2) ⁠3) ⁠4) ⁠. Although it has several 
weaknesses, such as poor thermal and oxidative stability, 
poor fluid flow behavior, and had solidification at low 
temperature the presence of polar and non-polar regions 
found in bio lubricants, has made a sufficient lubrication 
characteristic1) ⁠ . At present, the development of bio 
lubricants research has succeeded in finding various 
modification methods, either chemically, physically or 
genetically, to improve the ability of bio lubricants5) ⁠6) ⁠. For 
instance, in order to obtain a molecular structure that has 
better oxidative and thermal stabilities, the chemical 
method is employed. By transesterification, esterification, 
epoxidation and or homopolymerization, the chemical 
chain of fatty acids is modified7)⁠ . Furthermore, to improve 
the lubrication ability, some small amounts of 
nanoparticle which acts as a modifier friction can be added 
into the bio lubricant. This addition succeeded in 
increasing thermophysical and tribological properties 
such as increased thermal conductivity8) ⁠9) ⁠10) ⁠11) ⁠ increased 
load-carrying ability12) ⁠13) ⁠14) ⁠ , which resulted in less wear 
and friction. Nanoparticles are innovative materials that 

have unique characteristics which diameter ranges from 1- 
100nm in size. Its nano-sized make it possible to fill in the 
gap due to surface roughness (asperity). The character of 
the nanomaterial added will also produce good chemical 
interactions with the surface so that the tribo-films formed, 
and its spherical shapes will create a rolling effect15) ⁠. 
Several groups of nanomaterials that can be added to bio-
lubricants are derived from sulfur16) ⁠, phosphorus16) ⁠ and 
boron groups such as CuO17) ⁠18) ⁠, MoS217) ⁠, ZnO18) ⁠, TiO219) ⁠ 
and hBN20) ⁠21) ⁠22) ⁠ 

On the other hand, working with nanoparticles is not 
easy, because the substances tend to form agglomeration 
due to strong Van der Waals force. Even some studies 
show that homogeneity in nanofluid mixture does not 
have a significant effect on lubrication behavior in friction 
reduction, but the unstable mixture will not exhibit a good 
heat transfer capability. As previous studies conducted, 
the agglomeration was assessed by visual observation or 
sedimentation method, and it was time-consuming since it 
needed at least 2 weeks to observe graphene oxide in poly-
α-olefin lubricating oil23)⁠ and 55 days for TiO2 in mineral-
based24) ⁠ and 7 months for 6nm Ag in PEG-based 
lubricants25) ⁠. The fact that there is still an unrevealed 
phenomenon by experimental and theoretical work in the 
tribo-film formation mechanism  made a molecular 
dynamics simulation method as a proper preliminary 
study. This study is aimed to investigate the 
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agglomeration phenomenon using molecular dynamic 
simulation methods by assessing its dispersion stability 
through the MSD curve and diffusion coefficient value. 
The same methods and parameters were also applied to 
defined dispersibility and stability CuO nanoclusters in 
alkane26) ⁠ and to reveal stability phenomenon at the early 
stages of SiO2 production in a colloidal solution27) ⁠. 

 
2.  Methods and computing details 

Mean Square Displacement (MSD) analysis is a 
measure of the position deviation of a particle concerning 
its initial position for a certain time. MSD is a critical 
factor that shows the microscopic dynamics of 
nanoparticles that reflect the rheological nature of a 
nanofluid. MSD is calculated using the equation as below: 

 

𝑀𝑀𝑀𝑀𝑀𝑀(𝑡𝑡) = 1
𝑁𝑁
�∑ |𝑟𝑟𝑖𝑖(𝑡𝑡)− 𝑟𝑟𝑖𝑖(𝑡𝑡0)|2𝑁𝑁

𝑖𝑖=1 �     (1) 

 
Nanoparticle’s motion in a lubricant is analogous to 

random motion, such in Brownian motion. If the 
nanoparticles are randomly moving, due to gravity, the 
nanoparticles will move to a small concentration region. 
Nanoparticle’s motion is analyzed by calculating its 
diffusion coefficient, D. In addition, D is used to analyze 
system aggregations and viscous regimes. Besides using 
the equation (2) below, the value of D can also be 
calculated by calculating the gradient (slope) of the MSD 
curve.  

 

𝐷𝐷 = 1
6
𝑙𝑙𝑙𝑙𝑙𝑙
𝑡𝑡→∞

�𝑑𝑑
𝑑𝑑𝑑𝑑
𝑀𝑀𝑀𝑀𝑀𝑀(𝑡𝑡)� (2) 

 
Performing the simulation process takes several stages 

of initial simulation, each molecular structure of the 
system compiler must be separately modeled. Figure. 1(c) 
below is the system with replicating one molecule of TMP 
Trioleate/ TMPTO with 15.2 Å spacing and hBN in 
between so that the system occupies a space of 100Å x 
80Å x 70Å. The fluid and nanoparticles are built using 
Moltemplate. The fluid’s particle is generated using 
OPLSAA forcefield, whether the nanoparticles built 
without forcefield assigned. The next step is combining 
the TMPTO system with hBN molecules, which have also 
been replicated as much as the desired wt%. The wt% 
concentration chosen was as much as 0.05%, 0.1% 0.2%, 
0.3%, 0.4% and 0.5%. The fluid – nanoparticles 
interaction will be defined by employing the 12-6 Lennard 
Jones (LJ) potential. Furthermore, the Lorentz – Barthelot 
mixing rules is also applied for cross interaction of 
different atoms28) ⁠  

Once the nanofluid system is successfully created, the 
next step is to do the LAMMPS simulation to find the 
MSD graph and diffusion coefficient value, D. The D 
value is obtained from the MSD graphical gradient value, 

and this is needed as an indicator of the dispersion of 
nanoparticles in the bio lubricant. At this stage, simulation 
is minimized and equilibrated with the NPT ensemble. 
Minimization is an important step in order to have 
minimum energy when the system equilibrated. The time 
needed to minimize the system will vary greatly from 100 
fs to 1000 ns depending on the complexity of the system, 
complex systems such as biomolecules or long-chain 
hydrocarbons will be required longer minimization times 
than systems containing water molecules. After the 
minimization stage is reached, the sampling can be 
produced.  

 
 
 
 
 
 
 
 
 
 

(a) 
 

 
 
 
 
 
 
 
 

 
(b) 

 
 

 
 
 
 
 
 
 

(c) 
Fig. 1: (a) Structure molecule of Trimethylolpropane 

trioleate (TMPTO), (b) Structure molecule of hexagonal 
Boron Nitride (hBN), (c) Duplicated TMPTO and hBN in a 

100 Å x 80Å x 70Å box 
 

3.  Result and Discussion 
The most effective performance of nano lubricants is 

the one with long term dispersion stability of 
nanoparticles in suspension. With molecular dynamics 
simulations, we can predict its stability by interpreting the 
MSD curve. This method is also adopted to investigate the 
aggregation of graphene nanoplate in poly-α-olefin 
lubricating oil , graphene oxide nanosheet dispersion in 
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water29) ⁠ and overlapped graphene sheets in linear aliphatic 
hydrocarbons30). ⁠ 

(a) 

(b) 
 

Fig. 2: (a) MSD graph at 313K (b) MSD graph at 373K 
 
The hBN diffusion behavior in TMPTO fluid is shown 

by the MSD curves, as seen in Figure 2 above. As much 
as 0.05, 0.1, 0.2, 0.3, 0.4 and 0.5 wt% hBN molecules are 
simulated at two different temperatures 313K and 373K. 
Either Figure 2(a) and 2(b) showing a similar trend of 
motion. Referring from both graphs, 0.3, 0.4 and 0.5wt% 
nanoparticle hBN in suspension are moving very far from 
the initial position, which indicated by the fluctuated 
curve. Whereas, the linear curve indicating that the 
particles are not experiencing many position changes. 
Hence, we can conclude that as much as 0.05, 0.1 and 
0.2wt% of hBN nanoparticles contained by TMPTO fluid 
is well dispersed. This result is indirectly confirmed the 
previous study conducted by Oztekin et al (2012) that 
viscosity is proportional to the concentration as well as 
shear thinning, which means it will increase as the 
concentration of additives and shear thinning increased. 
The agglomeration happened is indicated by shear 
thinning formed29) 

Diffusion coefficient or self-diffusion (D) is affected by 

concentration, temperature, pressure, solvent properties 
and diffusing chemical properties. In this case diffusion 
coefficient is a parameter to describe how well the rate of 
migration of hBN in TMPTO fluid. From Table 1. Below, 
we can infer that hBN nanoparticles in (TMPTO+0.3wt%), 
(TMPTO+0.4wt%) and (TMPTO+0.5wt%) mixture has 
the highest of D value. It is indicating that the more 
particles the more higher probability to aggregate due to 
higher frequency of collision between particles and yet 
cohesion during collision. The nanoparticles in 
(TMPTO+0.1wt%) and (TMPTO+0.2wt%) mixture has a 
quite smaller D value. It makes the (TMPTO+0.1wt%) 
and (TMPTO+0.2wt%) mixture has a stable dispersion 
than other mixtures. 

 
Tabel 1. Diffusion coefficient 

 
4.  Conclusion 

This study focuses on assessing the stability of hBN 
nanoparticle additives in the TMP triester based 
biolubricant using simulation approach. The stability of 
hBN nanoparticles is given at 0.05, 0.1, 0.2, 0.3, 0.4 and 
0.5wt%, respectively, are assessed by looking at the 
pattern of distribution curve of hBN at 313K and 373K 
which is presented by the MSD graph. From the graph, we 
can conclude that the linear curve which is shown by the 
mixture with 0.05%, 0.1%% and 0.2% showing a better 
dispersibility than the mixture containing 0.3, 0.4 and 
0.5wt% hBN. 

In the experiment there are some procedures employed 
in order to enhance the stability of nano lubricants. 
Sometimes surfactant usage or the nanoparticle itself is 
modified at its surface using organic compound or silane 
coupling agents are used to overcome the aggregation in 
the mixture, so the mixture obtained is much more stable. 
In this simulation the substance of either surfactant or 
modification agents are not taken into account.  

For the future simulation work, the surfactant, organic 
compound or silane coupling agents should take into 
account in order to mimic the real experiment, so the result 

Base oil + 
additives 

D @313K 
(m2.s-1) 

D@373K(m2.s-

1) 
Pure 

TMPTO 
0.00156 x 10-

5 
0.00298 x 10-

5 
TMPTO + 

0.05%hBN 
0.01120 x 10-

5 
0.01787 x 10-

5 
TMPTO + 

0.1%hBN 
0.01058 x 10-

5 
0.01092 x 10-

5 
TMPTO + 

0.2%hBN 
0.01078 x 10-

5 
0.0202 x 10-5 

TMPTO + 
0.3%hBN 

0.02898 x 10-

5 
0.04149 x 10-

5 
TMPTO + 

0.4%hBN 
0.03446 x 10-

5 
0.05031 x 10-

5 
TMPTO + 

0.5%hBN 
0.05748 x 10-

5 
0.06479 x 10-

5 
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would be more accurate.  
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Nomenclature 

MSD Mean square displacement 
N total number of atoms 
ri (t) position of atom i at time t  
ri (t0) the initial position of the atom  
D Diffusion coefficient 
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Table 2. Visualization 

 

 

313 K 373 K 

TMPTO TMPTO 
 

TMPTO +  
0.05wt% 
 

TMPTO + 
0.05wt% 

TMPTO + 
0.1wt% 
 
 

TMPTO +  
0.1wt% 

TMPTO +  
0.2wt% 
 
 

TMPTO +  
0.2wt% 

TMPTO +  
0.3wt% 
 
 

TMPTO +  
0.3wt% 

Continued 
TMPTO +  
0.4wt% 
 

 
TMPTO +  
0.4wt% 

TMPTO +  
0.5wt% 
 
 
 

TMPTO +  
0.5wt% 
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