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of new applications. The
s is essential to achieve the

parameters. In recent years, particle-based models
have been used to simulate the EPD process. They
can consider the particle deposition and the
structure of the deposited layer by considering
interactions between particles. A two-dimensional
model by discrete element method (DEM) has been
developed to study the structure of particles in
colloidal processes such as pressure filtration [1]
and centrifugal molding [1-2] and to study the
stability [3] of colloidal suspension. Another study

has used a similar DEM model for the two-
dimensional simulation of the EPD process of ZrO;
particles to determine the effect of particle surface
fraction, current density, electrolyte concentration,
and initial pH on the structure of the deposited layer
[4]. A particle-based model also has been used to
investigate the effect of the field on the EPD process
[5]. Another semi-empirical  particle-based
simulation has recently been conducted to study the
effects of Debye length and electric field in EPD
[6]. In this model, pair interactions between
particles interaction with the wall, the effect of the
electric field and, also implicit interaction between
fluid and particles are included, but the contact force
has not been considered and the contact between
particles is not possible. In the current research, a
DEM model has been used to study the effect of zeta
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potential on the characteristics of the deposited
layer in the EPD process. The effect of zeta potential
on the stability of the colloidal suspensions and also
on the characteristics of the deposited layer has been
investigated experimentally before [7-8]. These
studies have reported that an optimal zeta potential
leads to a stable suspension, which causes the
formation of a uniform and thick deposited layer.
Compared to similar simulation studies, this study
has the advantage that it has conducted a three-
dimensional study considering the possibility of
particles contact.

2. MATERIALS AND METHODS

In this research, suspensions of spherical particles
with uniform size distribution (monodisperse) were
studied under a constant electric field. The initial
coordinates and velocity distribution were assigned
to the particles of these suspensions, and then the
equation of motion was solved numerically for each
particle and the new coordinates of the particle were
determined at each time step. The simulations were
performed using the LAMMPS package. The
DLVO [9] theory with a modified van der Waals
equation is used to evaluate non-contact interaction
between particles and the spring-dashpot model
[10] with considering adhesion [11] is used to model
contact forces between particles. The fluid effecth
included implicitly by the FLD method,[12].
effect of the electric filed is added by
force on particles.

3. RESULTS AND DISCUSSI
Figure 1 shows how varying tential of
particles affects the thickness th on of
ordered particles (Nordered/N)™i eposit. As
shown in figure 1(a), the ess of the wet
deposited layer incre gincrease of the
zeta potential fro to V, and then it
remains constantl with crea
potential to

By increasing,the ze

ential of the particles and
ulsion between them, the
g _sUSpension increases. This means
that the g@agulation of particles is reduced and the
formation '@f more packed structure in the deposited
layer is increased [7]. In the present study, the initial
structure of the suspension is considered to be
completely stable and the deposition was completed
in a short time. As a result, there is no possibility of
coagulation. Therefore, it can be seen that at lower
zeta potentials, the resulting deposited layer is
packed and the layer thickness will be lower. The
effect of zeta potential in the present study is similar
to the increase in the thickness of the electrical
double layer, which was investigated in a similar
simulation of the EPD process [6]. It has been

reported that at lower values of the electrical double
layer, due to the lower repulsion between the
colloidal particles, the particles can be deposited in
a packed structure [6].

According to figure 1(b), as the zeta potential of the
particles increases from 5 mV to 50 mV, Nordered/N
increases and then decreases with a further increase
of the zeta potential to 100 mV. Despite the fact that
in these simulations a strong electric field was used
for deposition, the change of zeta potential affects
the number of ordered particles in the deposited

layer. \
@) ;. N

229
2.28 ; ry 0
T 227 -
e r
2 r
E 2.26 +
Py n
5 225 1 -
3 E
E 224 ¢
g [ o
£ 223 |
222 o e
0 25 50 75 100 125
zetta potential (mV)
0.05
0.04 .

0 2‘5 SIO 7'5 1(I)0 125
zetta potential (mV)
Figure 1. The calculated (a) thickness of the layer and
(b) fraction of ordered particles for deposition with
different zeta potentials.

According to the previous simulation and
experimental results [6, 13], with the increase of
electrostatic repulsion and zeta potential of colloidal
particles, depositing colloids incorporate into the
deposit in lower energy ordered sites. The results of
Figure 1(b) show that there is an optimal limit for
this increase in repulsion. According to the
experimental results [13] and the simulation of the
EPD process [6], the arrangement of particles on the
surface of the electrode is also important in
determining the ordering of particles in the next
layers. Based on the analysis of the structure in the
first layer, the histogram of Figure 2(a) is drawn for
the number of particles 2D neighbors. Particles with
4 and 6 neighbors form distinct domains (grains)
and particles with 5 neighbors are considered as a
boundary between aforementioned domains. The



histogram of Figure 2(a) shows the distribution of
4-fold and 6-fold grains and grains boundaries.

The results of this diagram can also explain the
trend in the diagram of Figure 1(b). The
arrangement of the particles on the first layer
determines the arrangement of the subsequent
layers. Clearly, for the zeta potential of 5 mV, the
number of particles of 4-fold and 6-fold grains is
much less than the number of particles present in the
grain boundaries, so it is difficult to distinguish the
grains. It can be seen that for zeta potentials of 50
mV and 100 mV, the distribution of grains and grain
boundaries is almost similar, while in figure 1(b),
for the zeta potential of 100 mV, there is a decrease
in the ordering of particles. The reason for this
difference can be found in the trend of the vacancies
percentage on the electrode surface in Figure 2(b).
According to this graph, for the zeta potential of 100
mV, the highest percentage of vacancies is
observed. It seems that increasing the zeta potential
initially decreases the percentage of vacancies on
the electrode surface, which leads to a more ordered
arrangement of particles. But in the following, a
higher zeta potential means the difficulty of
depositing the particles in closer distances, which
increases the number of vacancies on the electrode
surface.
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Figure2. (a) Distribution of coordination number of
particles on the electrode surface (first layer of the
deposit) and (b) percentage of vacancies area on the
electrode surface for different zeta potentials.

4. CONCLUSION

In this research, the electrophoretic deposition
process of particles with different zeta potentials
was studied using a particle dynamics model that
considers all interactions between particles. Four

different suspensions of similar colloidal particles
but with different zeta potentials {-5, -25, -50, -100}
mV with a volume fraction of 0.05 were subjected
to a constant electric field and the resulting deposit
layer was investigated. Zeta potential determines
the amount of electrostatic repulsion force between
particles. Since the properties of the deposited layer
is directly related to particles interactions, changes
in the thickness of the deposit layer and the
arrangement of particles in the deposited layer were
observed by changing the zeta potential.
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