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The temperature difference between the pure and impure water on the two
sides of a membrane can lead to water purification. The asymmetry of
molecular kinetic energy on both sides of the membrane causes pure water to
move from the hot side to the cold one. In this research, a carbon nanotube-
membrane filtration system based on the temperature difference between
water sources was investigated by the molecular dynamics simulation method.
The effect of various factors was investigated. The simulation results confirm
the possibility of using a thermal driving force for water purification with
carbon nanotubes. The results show that by increasing the hot source
temperature, the water passage and the purification speed increase. Such that
increasing the temperature difference between sources from 15 to 60 K
increases the water purification rate by 30%. Simultaneously, the possibility
of impurities passing through the nanotube also increases. Increasing the
impurity concentration slows down the purification process. Increasing the
diameter of the nanotube up to 15 A increases the water purification rate. In
nanotubes with a diameter of less than 15 A, 100% of impurities are removed.
Among the examined nanotubes, the best performance was obtained for the
armchair carbon nanotube.
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EXTENDED ABSTRACT

Introduction

Seawater desalination has been proposed as one of
the main ways of supplying water in the future. In
recent years, researchers have introduced
membranes composed of carbon nanotubes as
high potential systems for improving the
efficiency of desalination. On the other hand, it
has been found that creating a temperature
difference (thermal driving force) between the
two sides of a membrane that contains impure
water on one side and pure water on the other side
can lead to water purification.

The review of research about water purification by
carbon nanotubes using thermal driving force
shows that the investigation of the factors and
conditions affecting the amount of purified water
has been given less attention. Therefore, in this
research, the water flow passing through the
nanotubes in different conditions has been
investigated by using the thermal driving force
caused by the application of the temperature
gradient on an array of carbon nanotubes. The
results can be used in the design of efficient
membranes for water purification.

Material and Methods

In this research, using molecular dynamics
simulation, a purification system consisting of a
membrane with a row of six carbon nanotubes has
been studied (Fig. 1).
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Fig. 1 a) Overview of the simulation geometry.
Nanotubes (gray in the middle) separate the solution
of water (oxygen in red and hydrogen in white) and

salt (in purple) from pure water. b) Nanotubes row
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On both sides of this membrane, water and salt
solution and pure water are placed. The simulation
boundaries are periodic. The length of the
nanotubes is 1.6 nm. The dimensions of the
simulation box vary from 12 x 58 x 117 to 26 %
157 x117 A3 in different simulations in x, y and z
directions. Nose-Hoover thermostat has been used
to create areas with constant temperature. The hot
and the cold region extend from -15 to -5 A and
from 21 to 31 A in the z-direction respectively.
The concentration of ions in water is 10000 ppm.
Ions are placed only in the left tank. Carbon-
carbon interactions are modeled using the Tersouf
potential and interactions between carbon,
oxygen, hydrogen, sodium, and chlorine atoms are
modeled using Lennard-Jones potential function.
The effect of the electric charge of the ions is also
taken into account using the Coulomb force.
TIP4P/2005 model was used for water. The
direction of the flow is always from the impure
side toward the pure water. The simulation time
step is 0.0001 fs. The simulation process has
progressed to reach an equilibrium and stability of
1 ns. After that, the simulation runs for 10 ns. In
this step, time averaging of the output quantities
has been performed. The simulations were done
using Lammps software.

Results

Fig. 2 shows the number of water molecules
passing through nanotubes with different
diameters over time. The temperature difference
between the cold and hot sources -causes
asymmetry in the kinetic energy of the water
molecules. This asymmetry causes the high-
energy water molecules move toward low-energy
molecules. It can also be seen from Fig. 2 that as
the diameter of the nanotube increases, the
number of water molecules passing through the
nanotubes increases too.
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Fig. 2 The number of passing water atoms during the
simulation time in different nanotube diameters
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Fig. 3 shows water atom passage through different
nanotube types overtime. The armchair nanotube
has the maximum flow rate and the zigzag and
chiral nanotubes are in the next rank respectively.
The change in friction in different types of
nanotubes is attributed to the change in potential
energy experienced by water molecules passing
through each of the nanotubes.
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Fig. 3 The number of water atoms passing through
different nanotubes according to the time step

Fig.4 shows the effect of salt concentration of the
hot tank on the amount of purified water for
Armchair nanotubes. It is observed that the
number of water molecules passing through the
nanotube decreases with increasing molarity. By
increasing the concentration difference between
the cold and hot sources, the potential difference
caused by the concentration difference between
the two reservoirs increases, therefore, the flow
rate decreases.

400 .
=
i
A7
300 = (.-_F_H_____Fq /f
E o @ a3 /J
- 200 = o -~
=] —_
g o
7 i ~
100 = / /
/ e T
s
o f [ L
i ZE+ 4E+OT BE 107

7
Mo, O Thaesteps

Fig. 4 The number of water atoms passing through the
armchair nanotube over time at different salt
concentrations in the hot source

The effect of the temperature difference between
the reservoirs on water purifying was done by
increasing the hot source temperature while
keeping the cold source temperature constant at
293 K. When the temperature of the hot source
increases, the average molecular movement of
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water molecules increases and as a result, more
molecules are capable to overcome the potential
difference between the two reservoirs. Therefore,
more molecules have a chance to pass through the
nanotubes and as Fig. 5 shows, the purified water
flow rate increases. If we consider the number of
salt ions passing through the nanotube, it can be
seen that the probability of ions passing through
the nanotube increases with the increase in the hot
source temperature. The reason is the increase in
the movement of particles due to the increase in
temperature and, as a result, the increase in the
chance of ions passing through the cavity of the

nanotube. This issue is undesirable in the
purification process.
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Fig. 5 The number of water atoms passing through the
armchair nanotube over time

Conclusions

The molecular dynamics simulation showed that
the temperature difference between the tank of
pure water (cold side) and the impure solution (hot
side) in a system consisting of a membrane
containing nanotubes causes the water molecules
transfer from the impure solution to the pure
water. The results showed that the use of armchair
carbon nanotubes leads to higher water
purification rates compared to chiral and zigzag
nanotubes. Increasing the temperature of the hot
source and increasing the diameter of the
nanotubes improves the performance of the water
purification process until it leads to the passage of
impurities.

Data Availability

The data obtained in this study are presented in the
paper.
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Fig. 3 a) The number of passing water atoms during
the simulation time in different nanotube diameters b)
The number of ions (impurities) passing through
nanotubes with a diameter of 0.015 nm over time
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Fig. 4 The number of water atoms passing through
different nanotubes according to the time step
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