
 

 

Abstract — Degradation of materials and 
structures, by influence of corrosion, is one of 
important issues that lead to depreciation of 
investment goods. To protect material from 
corrosion destruction the coating systems are 
employed on a wide range of engineering 
structures, from cars to aircrafts. The “self-
healing” or “inhibition” are a relatively new terms 
in material science which means a self-recovery of 
initial properties of the material after destructive 
actions of external environment. 

The process of corrosion inhibition is simulated 
by Dissipative Particle Dynamics (DPD) method. 
Besides the standard repulsive, dissipative and 
random forces, used in the DPD method, it was 
introduced the additional polymerization force 
between two particles within nanocontainer. 
Parallelization of DPD software code is also 
implemented. With this technology we can 
optimize the number of nanocontainers and 
inhibitors during experiments and real protection 
procedures in the industry. We also can speed up 
a calculation process using parallel version of 
software. 

 
Index Terms — nanocoating, parallelization, 

self-healing material process 

 

1. INTRODUCTION 

orrosion degradation of materials and 
structures is one of important issues that 
lead to depreciation of investment goods. 

Two main approaches, an active and a passive 
one, are currently used for corrosion protection. 
The passive corrosion protection is achieved by 
deposition of а barrier layer preventing contact of 
the material with the corrosive environment [1], 
[2]. 

Small size defects can appear on a material 
surface. Such defects may have a substantial 
effect on the mechanical properties of material. 
To protect this material failure the coating 
systems are employed on a wide range of 
engineering structures, from cars to aircrafts, 
from chemical factories to household equipment. 
The “self-healing” or “inhibition” are a relatively 
new terms in material science which means a 
self-recovery of initial properties of the material 
after destructive actions of external environment. 

 
 

It is an urgent demand for industrial applications 
to initiate development of an active healing 
mechanism for polymer coatings and adhesives 
[3], [4]. 

2. DPD MODEL 

The coating layer with nanoscopic noach can 
be modeled using molecular dynamics [5]. 
Another approach to this problem is a 
mesoscoping modeling using the DPD method 
[6], [7]. Motion of each DPD particle (further 
called “particle”) is described by the following 
Newton law equation: 
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where im  is the mass of particle “i”; iv  is the 

particle acceleration as the time derivative of 

velocity; 
C
ijF , 

D
ijF , and 

R
ijF  are the conservative 

(repulsive), dissipative and random (Brownian) 
interaction forces, that particle “j” exerts on 
particle “i”, respectively, provided that particle “j” 

is within the radius of influence cr  of particle “i”; 

and 
ext
iF  is the external force exerted on particle 

“i”, which usually represents gradient of pressure 
or gravity force as a driving force for the fluid 

domain [8]. The total interaction force ijF  (Fig. 1) 

between the two particles is 
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Figure 1. Interaction forces in the DPD method 
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 The component forces can be expressed as [9] 

  

0

0

0

1
C ij
ij ijj

c

D
ij ijij D ij

R
ij R ijj

r

r
ai

w

w i



 

 
 

 





 



v e

F r

F r

F r

 (3) 

In equation (3), aij is the maximum repulsion 
force per unit mass, rij is the distance between 

particles i and j, 
0 ij
ij

ijr

r

r  is the unit vector pointing 

in direction from j to i,  stands for the friction 
coefficient,  and σ is the amplitude of the random 

force. Also, 
D
w  and 

R
w  are the weight functions 

for dissipative and random forces, dependent on 
the distance r from the particle i; and ij is a 
random number with zero mean and unit 
variance. The interaction force is equal to zero 
outside the domain of influence, rc (cut radius), 

hence 0ijF   for rij>rc. 

Further, in order that a DPD fluid system 
possess a Gibbs–Boltzmann equilibrium state, 
the following relation between the amplitudes of 
the weight functions of dissipative and random 

forces, Dw  and Rw , must hold: 
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Also the amplitude of the random force σ is 
related to the absolute temperature T, 
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2 Bk T   (5) 

where Bk is the Boltzmann constant. The weight 

functions can be expressed in a form given as [8] 
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The particles used in this study represent both 
inhibition agents and surrounding coating material 
with different material characteristics. This was 
achieved by taking into account different 
repulsion force coefficient aij. The additional 
interaction forces between particles of inhibition 
agents, which are placed in the primer layer and 
metal substrate particles, are added similarly as it 
was done in a model of thrombosis in [9]. These 
attractive forces are expressed as 
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where Lsf is the distance of the inhibition particle 
from the substrate, ksf is the effective spring 

constant, and 
max
sfL  is the maximum length of 

inhibition particle attractive domain. 

3. SIMULATION MODEL 

We created here two models of protection. 
Self–healing model for smaller damage of 
material and inhibition model with nanocontainers 
which are placed in the primer layer. The initial 
process of nanocontainer breaking starts at the 
position where a crack occurred. The 
nanocontainer membrane is approximated by one 
porous layer of particles and particles inside the 

nanocontainers represent healing agents – 
inhibitors. We consider that nanocontainers are 
fixed in the coating layer (pretreatment or primer 
layer) so the membrane particles are fixed in the 
DPD space domain. Self–healing model is shown 
on Fig. 2 and Fig. 3 represent inhibition model. 

 

 
Figure 2. Initial position of particles at self-healing 

model 
Nanocontainers release the “self–healing” 

agent particles which are filling the space inside a 
crack in order to bond it and to protect it from 
further propagation. Additional spring force 
(equation (7)), acts between particles themselves 
and also with particles that represent the 
damaged metal surface and this force is present 
only at inhibition model. 

 

 
Figure 3. Initial position of particles at inhibition model 

4. PARALLELIZATION OF DPD SOFTWARE 

Here we had two different ways of 
parallelization. One approach is using 
architecture of shared memory and another is 
using architecture of distributed memory. 

At the shared model architecture we used the 
threads model where each process can have 
multiple, competitive paths of execution. Each 
thread has its own local data, but also has access 
to the resources of the central processor. 
Implementation of this model that we used here is 
OpenMP (Open Multi-Processing) [10]. 

Architecture of distributed memory has 
implementation using message model. At this 
model processes can be on same or on different 
computer. Processes communicate only 
exchanging messages and every message that 
one process send must have a process that will 
receive that message. In our implementation we 
used MPI standard (Message Passing Interface). 



 

5. RESULTS AND DISCUSSION 

5.1 Results of DPD simulation 

 
Self–healing model contained 9600 particles 

where only white particles (water) have external 
force. Density of nanocontainers in this model 
was 12% (Fig. 4). 

 

 
Figure 4. Position of particles on self-healing model at 

the end of simulation 
 
Percent of healing agents filling crack is shown 

on Fig. 5. 
 

 
Figure 5. Percent of healing agents inside crack at 

self-healing model 
 
Model of inhibition that we created has 28320 

particles and nanocontainers are randomly 
distributed in the model. Density of 
nanocontainers in primer layer is 15%. Results of 
corrosion inhibition of metal substrate at the end 
of simulation is shown on Fig. 6.  

 

 
Figure 6. Position of particles at the end of simulation 

 
At the Fig. 7 is shown percent of inhibitors on 

metal substrate during time. We have more than 
100% protection because healing agents created 
more than one layer of particles. 

 
Figure 7. Percent of inhibitors on metal substrate 

during time 

5.2 Results of parallelization 

Testing of example is done on the server 
computer that is running Scientific Linux 5.5 
(Boron) operating system for both architectures 
mentioned here. Characteristics of computer was: 
Intel(R) Xeon(R) Processor E5504 (4M Cache, 
2.00 GHz, 4.80 GT/s Intel(R) QPI); number of 
cores – 4; number of threads – 4; 8GB of RAM 
memory. 

Duration of analysis, at self–healing model, 
depending on number of processes is shown on 
Fig. 8 for both parallelization techniques. 

 

 
Figure 8. Time of analysis at self–healing model 

 
Big difference between MPI and OpenMP 

architecture is in fact that we used static 
scheduling for each particle where one thread 
calculates values of interests for one particle and 
one loop iteration. 

On Fig. 9 and Fig. 10 are shown results that we 
get using parallel version of software for inhibition 
model of corrosion protection. 



 

 
Figure 9. Time of analysis at OpenMP architecture 

 

 
Figure 10. Time of analysis at MPI architecture 

6. CONCLUSION 

In this study we used DPD computer modeling 
methods to investigate coating by the healing 
agents of substrates that contain nanoscale 
defects. The results that we get using our models 
have significant overlaps with experimental 
results. For both investigated models it was 
sufficient to have 15%-20% inhibitors (healing 
agents) to protect the damaged material. 

We also developed parallel version of software 
to speed up the process of calculating. With 
parallel DPD software we get satisfying results as 
concerns of speed up of calculation time but there 
is enough place for algorithm optimization in both 
shared and distributed memory architectures. 
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