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To contribute to the basic science and technology of water production
membrane, the theoretical analysis on the high performances of CNT/PA composite membranes have been
done. The excellent water permeability of the composite membrane is given rise to the shorter path
of the water molecules diffusing in the composite membrane than that of pristine PA membrane, by the

multiscale simulation. The high antifouling property of the composite membrane for natural organic
matter (MOU) is shown theoretically to be originated from the specific surface structure as well as
the charge transfer effect of the composite membrane, by MD calculation. This study can contribute

to the further development of new membrane science and technology.



RO

PA 1970
RO
PA
3.2% 99.8%
RO
SDG
CNT
CNT/PA
CNT/PA
CNT/PA
a)
1., Pure PA
100 - 7:1=====_
72}
c 80 4 ‘0““‘
q) J .0‘.
c 1996400000
.= 60+
40 - I SRR
I . L . 1 v I L I
0 5 10 15 20
CNT content (% wt)
(a) CNT/PA

PA RO
1$/t
NOM
(RO)
RO
RO
CNT/PA
RO
RO
MD
b) Plain PA
35
€ 3 =
£ 25 2
S 2 3
g 15 2
5 -
~N 05
0
0 100 200 300 400 500
X direction [nm]
c) MWCNT/PA (CNT 15%wt)
2
T 15=
= £
: "3
% 05 g

0 100 200 300 400 500
X direction [nm]

CNT
200 nm (b)



CNT/PA

MD
CNT/PA 0.79 kcal/mol PA
CNT
200 nm D CNT
PA 84 ns CNT/PA CNT
ns CNT CNT
66 ns
CNT
D CNT/PA
CNT 15wt
95

Polyamide

Humic Acid TNB model

Consistent with Low Mw humic acid
common in RO fouling

PA
Humic Acid TNB model

NOM
NOM

0.94 kcal/mol

CNT/PA

17wth

63
20 wth
CNT/PA



NOM

NOM
CNT/PA
NOM
RO PA
PA CNT/PA NOM
PA 200-300H
CNT/PA
PA NOM CNT/PA NOM
PA CNT/PA PA CNT/PA
NOM CNT/PA NOM
NOM 2
CNT/PA PA
2)
CNT/PA
3)
a) CNT-PA1 CNT-PA2 CNT-PA3 CNT-PA4 CNT-PAS

spread spread spread

*CNT structure (3-layer graphene) is not shown in the image but is below the PA

b) PlainPA 1 Plain PA 2 PlainPA3 PlainPA 4 PlainPAS

spread pinned pinned pinned/spread

@) CNT/PA (b)PA
PA  CNT/PA

CNT/PA RO

RO



1.

21

T. Araki, R. C. Silva, S. Tejima, J. 0. Medina, A. M. Gomez, K. Takeuchi, T. Hayashi,
M. Terrones, M. Endo, Water diffusion mechanism in carbon nanotube/polyamide
nanocomposite reverse osmosis membranes: A possible percolation-hopping mechanism,
Physical Review Applied 9, 024018 (2018).

R. C.-Silva, Y. Takizawa, A. Nakaruk, M. Katouda, A. Yamanaka, J. 0.-Medina, A.
M.-Gomez, S. Tejima, M. Obata, K. Takeuchi, T. Noguchi, T. Hayashi, M. Terrones,
M. Endo, New Insights in the Natural Organic Matter Fouling Mechanism of Polyamide
and Nanocomposite Multiwalled Carbon Nanotubes-Polyamide Membranes, Environ. Sci.
Technol. 53, 11, 62555-6263 (2019).

Morinobu Endo, ABTIFOULING AND CHLORINE RESISTANT CARBON NANOTUBES-AROMATIC
POLYAMIDE DE-SALINATION MEMBRANES, IDA World Congress 2019.



2 2 2 0

Takumi Araki, Rodolfo Cruz-Silva, Syogo Tejima, Josue Ortiz-Medina, Aaron Morelos-Gomez, Kenji 9
Takeuchi, Takuya Hayashi, Mauricio Terrones, Morinobu Endo

Water Diffusion Mechanism in Carbon Nanotube and Polyamide Nanocomposite Reverse 2018
PHYSICAL REVIEW APPLIED 24018
DOl

10.1103/PhysRevApplied.9.024018

Rodolfo Cruz-Silva, Yoshihiro Takizawa, Auppatham Nakaruk, Michio Katouda, Ayaka Yamanaka, -
Josue Ortiz-Medina, Aaron Morelos-Gomez, Syogo Tejima, Michiko Obata, Kenji Takeuchi, Toru
Noguchi, Takuya Hayashi, Mauricio Terrones, Morinobu Endo

New Insights in the Natural Organic Matter Fouling Mechanism of Polyamide and Nanocomposite 2019
Multiwalled Carbon Nanotubes-Polyamide Membranes

Environ. Sci. Technol. (ACS) -

Dol
10.1021/acs.est.8b07203

Morinobu Endo

ANTIFOULING AND CHLORINE RESISTANT CARBON NANOTUBES-AROMATIC POLYAMIDE DE-SALINATION MEMBRANES

IDA WORLD CONGRESS 2019

2019

Morinobu Endo

Nanocarbons for environmental applications

The 9th IEEE International Nanoelectronic Conference

2019




Morinobu Endo

Nanocarbons and Carbon Nanotubes Safe innovation in the 21st century and promise for the future

INASCON2019

2019

2020

2020

Rodolfo Cruz-Silva

CARBON NANOTUBES EFFECT ON THE MORPHOLOGY AND TRANSPORT PROPERTIES OF AROMATIC POLYAMIDE REVERSE OSMOSIS MEMBRANES

Carbon2018

2018

Josue Ortiz-Medina

IMPROVED PERFORMANCE OF AMORPHOUS CARBON MEMBRANES BY RESTRUCTURING DURING HIGH PRESSURE WATER DESALINATION

Carbon2018

2018




Rodolfo Cruz-Silva, Takumi Araki, Shigeki Inukai, Josue Ortiz-Medina, Aaron Morelos-Gomez, Shogo Tejima, Takuya Hayashi,
Toru Noguchi, Kenji Takeuchi, Mauricio Terrones, Morinobu Endo

Polyamide-Carbon Nanotubes Nanocomposite Membranes for Desalination-Synthesis, Performance and Computational Studies

2017 MRS Fall Meeting

2017

(Morelos Gomez Aaron)

(00793746) (13601)

(Takeuchi Kenji)

(20504658) (13601)

(Cruz Silva Rodolfo)

(30597878) (13601)

(Hayashi Takuya)

(80313831) (13601)

(Ortiz Medina Josue)

(30793765) (13601)




(Inukai Shigeki)

29 7 28

(10529738) (13601)

col
(Takizawa Yoshihiro)
(10795082) (13601)




