Environ. Water Eng., 2022, 8(3), 608-621

DOI: 10.22034/JEWE.2022.305466.1631

[

EWE

Environment and Water Engineering

Homepage: www.jewe.ir R e
ISSN: 2476-3683

Research Paper

Molecular Dynamics Simulating the Performance of Carbon
Nanotubes in Water Desalination

Omid Ghader! and Mahdi Sahebi?”
M.Sc., Department of Mechanical Engineering, Faculty of Mechanical Engineering, Qom University of

Technology, Qom, Iran

2Assist. Professor, Department of Mechanical Engineering, Faculty of Mechanical Engineering, Qom
University of Technology, Qom, Iran

Article information

Abstract

Received: September 22, 2021

Revised: March 03, 2022
Accepted: March 05, 2022
Keywords:

Carbon Nanotubes
Desalination

Molecular Simulation
Porosity

Water Purification

*Corresponding author:
sahebi@qut.ac.ir

Recently, the use of carbon nanotubes in water treatment membranes has
been proposed. Understanding the mechanism of the process in nanotubes
may have a significant impact on the development of this technology. In
this study, to clarify the molecular mechanism and measure the impact of
the effective factors, the water desalination process by filters consisting of
carbon nanotubes has been investigated by the molecular dynamics
simulation method. The effect of factors such as nanotube diameter applied
pressure, and porosity on the process is studied. The results showed that
reducing the filtration pressure increases salt rejection. However, reducing
the pressure reduces the water flow through the nanotubes, which should be
considered in the optimal design of the treatment system. Increasing the
porosity of the membrane for a given nanotube does not have a significant
effect on the desalination rate, but it greatly increases the flow rate. The
simulation results showed that if the geometry studied in this study is used
as a filter for nanotubes (10, 10), the flow rate of water at a pressure of 100
MPa will be equal to 7 ml/s per unit cross-section of the filter.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

desalination methods is the membrane filtration
method, such as the use of microfilters,

Today, freshwater scarcity has become one of the
most important global challenges. Since most of
the water on earth is saline, desalination of a
small percentage of this water can also have a
significant impact on the drinking water supply.
Due to the continuous improvement of
desalination methods in recent years, these
methods can be safely used to remove salt from
seawater and other sources. One of the types of
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nanofilters, and reverse osmosis. In recent years,
carbon nanotubes have received increasing
attention due to their extraordinary properties
such as very low friction in water passage,
strength and high heat transfer. Research has
shown that the use of carbon nanotubes in
improving water treatment and desalination
performance can be very significant in terms of
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Simulating Carbon Nanotubes in Water Desalination

reducing energy consumption and environmental
issues. Recent research has suggested the use of
carbon nanotubes to improve the reverse osmosis
purification process. However, the physical
mechanisms of carbon nanotube purification are
still unclear. In the present study, in order to
create a better understanding of the water
purification mechanism of the salt-containing
solution and also to measure the effect of
physical variables affecting the purification
guality, the passage of water-salt solution
through carbon nanotubes has been simulated
using molecular dynamics method. In this study,
the flow properties, as well as the amount of
desalination of nanotubes at different pressures,
different membrane porosities, and different
nanotube diameters, have been studied.

Material and Methods

The molecular dynamics method has been used
for modeling. The choice of this simulation
method is due to the fact that to study the flow of
water through the nanotube, the equations
governing continuous environments are not of
acceptable accuracy, so a method based on
following the individual path of particles and
molecules of the system has been used. In this
method, a set of atomic positions, molecular
velocities and intermolecular forces determine
the position of the whole system at any given
moment by applying Newtonian equations of
motion and temporal integration of Newtonian
equations. In this method, using the relationships
presented in statistical mechanics, the physical
properties of the system such as pressure,
temperature, density, etc. are extracted. The
Lammps software package is used to create the
initial atomic configuration as well as the
simulation calculations. In the geometry, there is
a water tank on the left and another tank on the
right. Between the water tanks are graphene
sheets and carbon nanotubes attached to them. In
the left tank, there are water molecules and
sodium and chlorine molecules and in the right
tank, there are only water molecules. Graphene
plates are square and the length of each side is 54
angstroms L, = Ly = 54 A. The length of the
nanotubes is assumed to be 19 A. The simulation
was performed with nanotubes (6,6), (8,8), and
(10,10), and the nanotube numbers equal to 1, 2,
and 4, which indicate the amount of different
porosity of the membrane. The pressure studied
in the simulations is equal to 100, 200, and 400
MPa.
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Results

First, the effect of pressure on desalination is
discussed. Table (1) shows the amount of
nanotube ion rejection (10, 10) at pressures of
400, 200, and 100 MPa.

Table 1 carbon nanotube ion-rejection (10, 10) at
various pressures

Sodium ion Chlorine ion
- deionization
Pressure rejection rate rate
(percentage) (percentage)
400 MPa 68.5 60
200 MPa 85.7 77
100 MPa 97 97

It is observed that ion rejection increases with
decreasing applied pressure, so that at pressures
less than 100 MPa, the ion rejection reaches
100%.

Table (2) shows the effect of changes in pressure
and type of nanotube on the flow rate through
different nanotubes. According to this table, it
can be seen that with increasing pressure, the
water flow through the nanotube increases. The
table also shows that the flow rate increases with
the increasing diameter of the nanotube.
Increasing the diameter of the nanotube reduces
the frictional resistance of the nanotube to the
flow, increases the volume of the nanotube, and
increases the number of water molecules in the
nanotube.

Table 2 Flow rate depending on the type of
nanotube at different pressures

Flow rate (1/ns.nm?)

Pressure

Nanotube Nanotube  Nanotube
(MP2) 6,6 8,8 10,10
400 2186 4966 9421
200 1262 3146 4245
100 841 1547 1929

Porosity is a measure of the amount of empty
space relative to the total space of matter. The
change in porosity is simulated by changing the
number of nanotubes in a certain area of the
graphene surface (as the membrane surface). The
greater the number of nanotubes, the greater the
amount of space created on the graphene plate.
Fig. 1 shows the effect of porosity change on
nanotube ion rejection.

As can be seen, in none of the nanotubes did the
increase in porosity has a significant effect on
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ion rejection and the reason is that the size of the
nanotubes plays a major role in removing the
ions. This is true for flow rate. Simulations show
that increasing porosity has a great effect on the
flow of water. Therefore, it can be concluded
that, filters with higher porosity should be used.
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Fig. 1 Effect of porosity on ion-rejection for
different nanotubes: a) sodium ion and b)
chloride ion

Conclusions

In this paper, the process of water purification
from saline water with the aid of filters
consisting of carbon nanotubes has been

Environment and Water Engineering

investigated through the molecular dynamics’
simulation method. The aim of the simulation is
to clarify the molecular mechanism and
investigate the effect of factors affecting the
process. The factors such as nanotube diameter
applied pressure, and porosity on the process
have been studied. The results of the simulations
showed that the passage of water molecules
through the nanotube occurs as a regular
molecular chain. It was also found that reducing
the filtration pressure increases the salt rejection
so that at pressures below 100 MPa the salt
rejection rate for all nanotubes studied in this
paper was 100%. Of course, reducing the
pressure reduces the amount of water passing
through the nanotubes, which should be
considered in the optimal design of the treatment
system. Increasing the porosity of the membrane
for a given nanotube does not have a significant
effect on the desalination rate, but it greatly
increases the flow rate. The simulation results
showed that if the geometry studied in this study
is used as a filter for nanotubes (10, 10), the flow
rate of water at 100 MPa pressure will be 7 mL /
S per unit cross section of the filter.

Data Availability
The data used in this research are presented in

the paper.
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