Carbon nanotube-aromatic polyamide
<2 nanocomposite membranes for
Shinshu micropollutants and boron rejection.
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Typical polyamide thin film CNT-PA nanocomposite N-nitrosodimethylamine (NDMA) simulations
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Charge calculation: ab initio vs QEq
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Structure and charge:
guantum chemical
calculation (Gaussian)
Bond, angle, dihedral:
modified from GAFF
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Model polyamide oligomer
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Water permeation is studied using a

classical piston set-up
(EI) (b) (E) 4

o o [ ]
' ' ' | Boron permeatlon simulations
© :Na SMPa graphene 5\VIPa Nat e
. 3L i -
Cl / pistons Cl 3 3
S 25+ | 5 MP 5MP
D -
__________________________ — £ 5L . I EEEEE————————
S aRscawater e o 19F - e W A I
B Bt e v s Ager — L
e ﬂiﬁ@?ﬁ'{;‘ AL A B R, ) 3
Ea L AR o SR N TR T \
AT RN SO T, 05 \
e A sy b el A A e
S sea e T e SO 0 -
L o el B il
o = ~—membrane —
PR R LR &R 0.5 ' ! : r
S ¥ Pl .
TR i e oetle f -2 () 2 4 6 b
Py o7 S e o CE T AL . .
haLis S WAt (d) Z direction [nm]
'Ell.i.'-‘:"'i-.-l"-:‘. N \ & 0 ¥
ﬁ;tf‘ P A 2k 3.5 Water
et i SEPRT A A2 i .-r"".:‘,-tﬂ"_. Haad = =
ﬂ;"..‘h..-'. A e e AT "_'.h"‘:\ v 3 N. +
] ;.*;.-_1‘;_.__'_;:;;; BT s e a° m—
S e e e i 3F o .
-1:.‘.?5 ::I-I..‘L__";IF -?-;_.' 'fl_ I;i-*': 3 3 ".!:f'."ll.'-:_f,’. "JE_. R —
el e g Rk AT T A e A R
S e R RN Q25 -
Rt A I Ot G T =
S SR G AT S e e B
Y e W s e R X =~ 2F . & i : Y | ,
1;;45‘.‘##.+§$$ Y e S ee oy ) SRS — T B PR P 1B eyl A -
il '{-r".‘-ﬁ.. 'H' Rt A - # Tt AW it e Va1 1 M IR SN s ST L AV e S R R AT g Lo P SSANT RN S R
T R G PRUNS o 2 e o ks O sl _
;}t:ﬁ;fﬁaﬂﬁ AdsAcak; -.ﬂ’ﬂﬁ;%ﬂ;:" " B R s ah AT .*
AT e e Ry & At L i R g T8 L —
S e T N Y S D S R L XY L e AN e BT K e e L Y 1 | -
A PR b S R et o b ol AR R A i O e e R S o g pR i gk s LD
RS R e T S v e e \ o 0 o
e e - y T " | Boron den5|ty proflles in the membranes
X — \
0 P
«— membrane —
0.5 I I | |

0.0006 , , , , 0.0006 , , |

1 atm 1 atm 5 0 , ) ) . |

Z direction [nm] ooo0s | CNIT-PA - Plain PA f
Data is collected from classical atomistic | | _
molecular dynamics 1 oo | —

(b) 7 : | 0.0001 | —

p—
Q)

o
-]

0 | | | | 0 | | | |
6 6 1 0™2ns 50 60 70 80 90 100 50 60 70 80 90 100
. 0~2 ns ,g 5
= 5 1 2™4 ns .
£ rans S Conclusions
5 4 o -+ - 4~6ns
= CNT 4~6 ns 8 .| n&f - | cgre CNT-PA membranes show a dense structure less prone to swell
<) = . . . . .
S 6~8 ns S 1o that can potentially have higher rejection rates of micropollutants
N — - — -1 &~10 ns
.l | &10ns L 110~12ne Acknowledgments: Authors are thankul to Takumi Araki for his support and
; Y, = ; o ﬁEﬁ | advice in the simulations. This work was supported by JST.
I 2 3 4 5 6

o 1 2 3 4 5 6 7 0 7 -Water Diffusion Mechanism in Carbon Nanotube and Polyamide Nanocomposite Reverse Osmosis
X direction [nm] X direction [nm] Membranes: A Possible Percolation-Hopping Mechanism, Takumi Araki, Rodolfo Cruz-Silva, Syogo Tejima,
Josue Ortiz-Medina, Aaron Morelos-Gomez, Kenji Takeuchi, Takuya Hayashi, Mauricio Terrones, and
©2020 Global Aqua Innovation Center, Shinshu University Morinobu Endo, Phys. Rev. Applied 9, 024018 — Published 20 February 2018



	Carbon nanotube-aromatic polyamide nanocomposite membranes for micropollutants and boron rejection.

