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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 present the all-atom classical molecular dynamics simulation study of
graphene-polyamide (GPA) membranes to elucidate antifouling mechanism of multi-wall carbon nanotube
(MWCNT-PA) membranes against natural organic matter (NOM).

Keywords : Carbon nanotube, Aromatic polyamide (PA), Alginic acid, Humic acid, Molecular dynamics (MD)

1. Introduction experiment, it was observed that less deposition of alginate on
MWCNT-PA

commercial/laboratory-made plain PA membranes. To

membrane  than  that of  other
The availability of clean water has become a global problem
because of the continuously increasing costs of energy and elucidate this anti-fouling mechanism, we have performed the

increasing scarcity of water resources. By far, the RO all-atom classical MD simulation of GPA membranes as the

membrane process persists as the most reliable and
cost-effective water desalination technique and numerous
large-scale RO plants have been constructed around the
world.

Our project has been studying performances of the new
nano-composite membrane from both experimental analysis
and computational simulations. Experimental team showed
carbon that nanotubes/polyamide nano-composite thin films
have become very attractive as RO membranes. It was found
that the addition of SWCNTSs decreases the pore size of the
composite membrane and increases the Na and Cl ion
rejection. In this work, we have performed the all-atom
classical molecular dynamics (MD) simulation of GPA
elucidate mechanism

membranes  to antifouling

ofMWCNT-PA membranes against NOM.

2. Results
2.1 Antifouling mechanism against alginic acid
Alginic acid form fouling cake as alginate with divalent

: 2+ 2+
ions such as Ca™ and Mg~ on membrane surface. In

equivalent simulation model of MWCNT-PA membranes.
Under the water flow, alginate Ca molecules on GPA
membrane was unzipped because of the detachment of Ca"
ions (Fig. 1). Charge transfer between graphene and PA makes
PA slightly plus charge, leading Ca®" to avoid GPA membrane
surface. On the other hand, alginate Ca was pinned on plain
PA membrane because of the construction of Ca bridge
between COO/COOH in alginate and PA (Fig. 2). These
results indicate that MWCNT-PA membrane inhibit the
formation of insoluble alginate Ca, leading less deposition of

alginate.

b) 2.5 ns

c)18 ns

alginate —7%

" Polyamide

Fig. 1 Alginate Ca on GPA membrane.
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Fig. 2 Alginate Ca on plain PA membrane.

2.2 Antifouling mechanism against humic acid

It is also important to investigate the behavior of humic
acid on membrane because it remains in water after removal
of foreign matter. Fouling experiment showed that the
MWCNT-PA membrane have anti-fouling nature against the
humic acid. As in the case of alginic acid, MD simulation of
GPA membranes were performed to elucidate this anti-fouling
mechanism.

We considered the several adsorption sites on GPA and PA
membrane and putted humic acid at these sites. In the case of
GPA membrane, humic acid detached at 66 % of sites, while
detached at only 33 % of sites in the case of plain PA
membrane (Table 1). This is originated from surface structure
of membrane shown in Fig. 3. Rough surface of plain PA has
the pores which size are similar to the humic acid, leading to
stable fouling. On the other hand, humic acid hardly attach at
smooth surface of GPA membrane.

Table 1 Shape, flowing behavior, and number of interaction

points at each adsorption site.

CNT-PA (model 6;

shape convex  concave  concave  convex  concave  concave  convex  convex concave

flowing (o] o o (e] X o o
interactions
min a3 139 163 67 223 17 11 199 134
‘max 163 287 307 225 412 255 214 353 286
mean 109 220 228 139 310 184 168 275 220
site 10 11 12 13 14 15 16 17 18}
shape concave  concave  concave  convex  concave  concave  concave  cOMvex concave
flowing o) () o o x
iinteractions
min 134 171 127 154 127 295 137 121 256
mox 286 326 272 289 252 459 299 26 409
mean 220 249 203 223 184 379 225 179 337
PA model 1
shape convex  concave  convex  convex  concave  concave  concave  concave concave
flowing x () o x x x x x
interactions
min 81 216 81 109 310 246 102 127 142
max 226 370 217 230 456 434 241 285 290
mean 153 296 154 169 383 344 168 200 216
O: dragged, ) X:Stable
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Fig. 3 Height map of (a) plain PA and (b) GPA, height
distribution of (c) plain PA and (d) GPA, and pore distribution
in (e) plain PA and (f) GPA.

3. Summary

In this work, we performed the all-atom classical MD
simulation of GPA membranes to elucidate antifouling
mechanism of MWCNT-PA membranes against NOM. In the
case of alginic acid, charge transfer between graphene and PA
leads Ca to avoid membrane surface, resulting the unzipping
of insoluble alginate Ca. In the case of humic acid, smooth
surface structure of GPA reduce the attachment of humic acid.
Our simulations clearly showed that the antifouling behavior
of MWCNT-PA membranes against alginic acid and humic
acid.
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