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Water shortages will be a key issue in ensuring the sustainability of the human race in the 21st century. The lack of clean and
fresh water causes many worldwide problems: More than 1.1 billion people lack access to safe drinking water, 2.6 billion have little
or no sanitation, millions of people die annually—3,900 children a day—from infections through unsafe water or human excrement.
For the purpose of solving such problems, Shinshu University’s Center has been launched as Global Aqua Innovation Center for
Improving Living Standards and Water-sustainability among the Center of Innovation (COI), supported by the Ministry of Education,
Culture, Sports, Science and Technology and the Japan Science and Technology Agency. We believe that the finding and synthesis
of innovative high-performance, reliable, durable and inexpensive reverse osmosis (RO) composite membrane make it possible
to product abundance of clean water by desalinating sea water or by purifying wastewater. The main objective of our simulation
group is understanding the chemical and physical properties and mechanism of real RO composite membrane developed by the
experimental group at Shinshu university. In this report we describe the properties of water permeation and salt rejection for newly

synthesized single-walled carbon nanotube(CNT)/polyamide(PA) nano composite by using molecular dynamics (MD) simulation.

Keywords: carbon nanotube, polyamide, water purification, desalination, molecular dynamics

1. Introduction of 1,3- diaminobenzene (m-phenylendiamine or MPD) and
The availability of clean water has become a global problem 1,3,5-Benzenetricarbony trichloride (trimesoyl chloride or
because of the continuously increasing costs of energy and TMC) as shown in Fig. 1

increasing scarcity of water resources. By far, the RO membrane

process persists as the most reliable and cost-effective water - 1 it " E g 2
desalination technique and numerous large-scale RO plants have ©\ + ° < — \Ej o 9
been constructed around the world. b )\Q/L
Our project has been studying performances of the new ° ° é
nano-composite membrane from both experimental analysis and Fig. I Reaction scheme of cross linked aromatic PA synthesis by MPD
computational simulations. Experimental team showed carbon and TMC.
that nanotubes/polyamide nano-composite thin films have
become very attractive as RO membranes. It was found that the According to the cross linked reaction process, we
addition of SWCNTSs decreases the pore size of the composite construct both conventional PA membrane structures and new
membrane and increases the Na and CI ion rejection. In this SWCNT+PA nanocomposite membrane structures using MD
work, we used molecular dynamics to simulate the influence of  relaxation starting from different initial conditions shown in
SWCNTs on the PA molecular structure of RO membrane. Fig. 2. The MPD adsorption simulations were performed by
means of the DL-poly code and the atomic charges of the MPD
2. Performance of NWCNT/PA composite as RO and TMC monomers were determined by ab initio quantum
membrane[1] calculation using the NWCHEM and Quantum Espresso codes.

Aromatic PA’s are produced from the cross linked reaction We continued our analysis of the membranes by investigating
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the diffusion of water molecules in the membrane region and
analyzing the membrane mobility using the mean-squared
displacement equation shown in Fig. 3. The plots of Figs.
3(e) and 3(f) show that the SWCNT+PA membrane has lower
network mobility, which is explained by the strong van der
Waals interaction of the PA aromatic molecules in the vicinity
of the nanotube with the nanotube surface. The resulting PA
network is more rigid and has properties very different from
those of the conventional plain PA. Finally, the hydration
of both membranes was investigated in simulated seawater
solution. The resulting density profiles of water and salt ions
are shown in Fig. 4(a) and Fig. 4(b), respectively. The addition
of SWCNT to the PA might result in a high salt rejection
membrane, suggesting a greater potential for desalination than

the plain PA membrane, particularly for membranes used in

one-step direct desalination from seawater.
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Fig. 2 Conventional PA and SWCNT+PA nano-composi membrane
structure using MD relaxation starting from different initial

condition.

Fig. 3 Diffusion coefficient of water and network mobility of PA in
the plain PA and SWCNT+PA after hydration with the water

membrane.

e) g f) n g 5¢-06
i || 4e-06
é '§ 1| 3e-06
] g 201
B g - e-06
K s
- Be 16-06
s -20 8 s) Y
50 5 -20-15-10-5 0 5 10 1520
X direction [A] X direction !A],

90

The CNT provides new insights into the fabrication of novel
membranes reinforced with tubular structures for enhanced

desalination performance.
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Fig. 4 Density profiles of Na, Cl, and water across the membrane.
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