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Water will be a key issue in ensuring the sustainability of the human race in the 21st century. The many problems in the
worldwide associated with the lack of clean, fresh water are occurred: 1.2 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 diseases transmitted through unsafe
water or human excreta. 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. Our simulation group’s
objective is the understanding of chemical and physical properties and mechanism of real RO composite membrane developed by
the experimental group at Shinshu university. In this report we show the properties of water permeability and salt rejection about the
water process membrane consisted of new developed multi-walled-carbon nanotube (MWCNT)-polyamide (PA) and diamond like

carbon (DLC) by a Molecular Dynamics simulation.

Keywords: MWCNT, PA, DLC, water permeability, desalination, MD simulation

1. Introduction rejection and high water permeability [1]. In this work, we
The availability of clean water has become a global problem used molecular dynamics to simulate the influence of such nano

because of the continuously increasing costs of energy and carbon structured water process membranes.

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

process persists as the most reliable and cost-effective water 2. Research on the Membrane of the Water Treat-

desalination technique and numerous large-scale RO plants ment Process Based on Simulations and Experi-

have been constructed around the world. The RO membrane ments

as a semipermeable film removes ions, molecules, and larger 2.1 Mechanism of Water Process for MWCNT-PA-

particles among seawater under an applied pressure to overcome based Membrane

osmotic pressure. Experimental group of Shinshu-university successfully
Our project has been studying performances of the new prepared a high-performance RO composite thin membrane

nano-composite membrane from both experimental analysis using MWCNT and aromatic PA by interfacial polymerization.

and computational simulations. One membrane was carbon The membrane indicates that it contains 15.5 wt. % of MWCNT,

nanotubes/polyamide nano-composite thin films. It was found which is at least 150 times higher than previously reported

that the addition of MWCNTSs to PA membrane decreased the MWCNT-PA membranes. Consequently, high performance

pore size of the composite membrane and increases the Na and membrane processe in terms of the not only water permeability,

Cl ion rejection. The other was the DLC membrane with atomic but also water desalination obtained in a suitable amount of

combination of sp® and sp’ carbon hybridization. Nitrogen MWCNT in PA.

doping on the carbon-based membranes resulted in high salt In previous years we have carried simulations using single-
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wall CNT, but in current year we have done using multi-wall
CNT containing of the more number of atoms. In Fig.1, clean
water molecules are located at the left side of the membrane,
and seawater, consisting of water and NaCl molecules, is located
at the right of the membrane. The membrane separated the clean
water from seawater. MD simulations were performed to allow
for membrane hydration under a pressure of approximately 5
MPa in the seawater side of the membranes. In the conventional
RO model using MWCNT composite, water molecule can
flow inside the CNT, but in our model water molecules flow
on the surface of the MWCNT. We found that orientation
of the PA network along the MWCNT surface increased the
water permeability. Furthermore, the charge transfer from
PA to MWCNT contributed to the higher water permeability.
The results of the simulation reveal that MWCNT-PA-baed
membrane is higher water permeability and salt rejection
than conventional simple PA membrane, because of strong
interaction between MWCNT and PA. These simulation results

agree to experimental results.

i

Fig. 1 The water process model using MWCNT-PA-based membrane.
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2.2 Mechanism of Water Process for DLC-based
Membrane [1]

The amorphous carbon based nano structure shown in Fig.2
is called diamond-like-carbon (DLC) membrane. Atomic bonds
among DLC membrane are the combination of sp’ and sp’
carbon hybridization. Molecular simulations indicate nitrogen
doping on the carbon-based membranes drastically modifies
the pore distribution and avoids the formation of clustered
regions of high-density carbons. The optimum nano-carbon-
based membrane has up to 96% salt rejection rate for 0.2 wt%
NacCl saline water, with high water permeability. The effect
of nitrogen doping on DLC induced the charge transfer from
carbon to nitrogen atom. So it results that water permeability of
nitrogen doping DLC is higher than that of pure DLC because
the charged DLC structure attracts water molecular with a

polarization in Fig. 3

Fig. 2 Atomic nano structure of DLC membrane.

nitrogen doping

nitrogen doping DLC structure

Fig. 3 Water permeability (upper part) and nano structure(lower part) of pure DLC (left side) and nitrogen doped DLC (right

side).
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3. Summary Reference

Nano scale molecular simulations are able to the [1] Josue Ortiz-Medina, Hiroki Kitano, Aaron Morelos-
understanding of chemical and physical properties and Gomez, Zhipeng Wang, Takumi Araki, Cheon-Soo Kang,
mechanism of real composite membrane of water process. The Takuya Hayashi, Kenji Takeuchi, Takeyuki Kawaguchi,
collaboration between experimental and simulation group Akihiko Tanioka, Rodolfo Cruz-Silva, Mauricio Terrones
would be leading to the innovation of water process membrane and Morinobu Endo, “Nanostructured carbon-based
consisted of robust carbon composite materials. membranes: Nitrogen doping effects on reverse osmosis

performance”, NPG Asia Materials,8,e258, 2016.
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