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Fig.1 Repeated unit of ICIC-HT/MPD membrane model
X;: —NHCO—NH—; Y; —NH, ; M; —CO—NH—; N; —COOH.

Fig.2 Optimized molecular chain model of ICIC-HT/MPD membrane
285 4>, NaCl 43F 4 1 4> NaCl fE/KH BRI 0. 19 mol/L. i B Ho AR SCHk sl itk A
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HR AR A% SR 1 s,

Table 1 Cell parameters of membrane model during constructing process

Membrane Atom number  Diffusion molecule ~Experimental density/(g-mL~")  Model density/(g-mL~')  Cell parameter/nm
TMC/MPD 2797 H,0, NaCl 1.38 1.37 3.034
TMC/MMPD 4639 H,0, NaCl 1.38 1.37 3.556
TMC-HT/MMPD 5749 H,0, NaCl 1.39 1.38 3.777
HT/MMPD 6619 H,0, NaCl 1.38 1.38 3.887
CFIC/MMPD 6019 H,0, NaCl 1.39 1.38 3.775
CFIC/MPD 5659 H,0, NaCl 1.38 1.37 3.855
ICIC-IPC/MPD 5019 H,0, NaCl 1.37 1.36 3.676
ICIC-HT/MPD 5749 H,0, NaCl 1.38 1.38 3.795
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Fig.3 MSD curves of H,O(A), Na*(B) and Cl1~ (C) in membrane
a. MSD,,5 b. MSD,; c. MSD ; d. MSD,.
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Table 2 Simulation results of diffusion coefficients of H,O, Na*and Cl~ in eight kinds of membranes

10* Diffusion coefficient/ (nm? - ps~!) 10* Diffusion coefficient/ (nm? - ps~!)

Membrane Membrane
H,0 Na* Cl- H,0 Na* Cl~
TMC/MPD 7.07 4. 60 1. 41 CFIC/MMPD 5.80 5.99 2.44
TMC/MMPD 4.83 1.03 2.50 CFIC/MPD 6.13 0.91 6.59
TMC-HT/MMPD 5.91 0. 86 4.37 ICIC-IPC/MPD 6.47 0.65 2.86
HT/MMPD 10. 49 2.55 8.78 ICIC-HT/MPD 5.30 0.176 4.88

Table 3 Separation performance of eight kinds of membrane( six of them were simulated in this work)

Membrane Monomer in aqueous phase ~ Monomer in the oil phase ~ Water flux/ (L -m ~2+h) ['?]  Desalinization ratio( % ) ['?]
TMC-HT/MMPD MMPD TMC-HT 36.5 98.2
HT/MMPD MMPD HT 45.3 75.2
CFIC/MMPD MMPD CFIC 23.5 98.5
CFIC/MPD MPD CFIC 20.8 98.9
ICIC-IPC/MPD MPD ICIC-IPC 60.2 97.8
ICIC-HT/MPD MPD ICIC-HT 74.3 98.3
ICIC/MPD MPD ICIC 41.2 98.3
TMC/MPD-SMPS MPD-SMPS T™C 37.5 98.0

# Test conditions: 2000 mg/L NaCl, 1.6 MPa, 25 C.
PR RS SIS R IEAY) &, T NaCl 2R E 7, PRI H AR Y SO B 2 9 OB e 1 25 1 il
2. IEHIEE SRR, NaCl 73 F7E HT/MMPD AR g8 8RB0 K, 7E ICIC-HT/MMPD J&H (4 ik
ZHON /N, HR 43 92 ICIC-IPC/MPD fi, TMC-HT/MMPD i, CFIC/MPD LA K TMC/MMPD .
T SZUe 25 FAF A | HT/MMPD JE 9 #kEh 2 5% ; ICIC-HT/MPD &, CFIC/MPD &, TMC-HT/MMPD L)
K CFIC/MMPD BEAHRER FA AN, ¥I7E 98% LA L. FEI4E S LA ICIC-IPC/MPD X 5 556 2% IR
AERZER; (4) 5 TMC/MMPD BEA LG, R4 FAEMA T HT 454 SR ) TMC-HT/MMPD &4~
BRBUMRZ. [RIFERE DLdA7 £ T ICIC-TPC/MPD AT ICIC-HT/MPD i rf. 1 24 HT #ph Ak A imAH
FRFELERT, HERM P BREUR E K. X ATREE Y HT S frremt, HoSoo iRy U= 32
PESSHEE = RAEA, b TR AL T AR Z MR BOEE ; T2 HT 585 R 5 0 A A
FERE, LD RESELA () fe e = R, SOk R — R X BB i T T — e B AA AL, B
5 THEFRY G (5) EX NaCl 43176 8 B iE B 9 Ul B2 AL B, NaCl 73 FAERE N
B4 Bt RS2 AR A AN ] 1T A2 FR TS TR A9 8 7. X T TMC/MPD 2L K2 CFIC/MMPD i, NaCl 43FHY
Pz CL 1129 HE 6 FRAIENIAZ Na ™ 29, 36 4% & o0 5% b 3 DG A B 1 0 A B
Y FH RIS AH I T RE 1 L.
3.2 MgCl,, CaSO, #1 K,SO, ZEERN T # A2 M STitE

KR T &4 NaCl 4h, &4 /DAY MgCl,, CaSO, F1 K,S0,. A T WA 1 it K b1
TERCB R Y B R, 358 B o A5 48U S 56 BH e HL 43¢ 1 7K G B AR R 1) ICIC-HT/MPD i i
FITPRBLRL, Sl BT, SR A MR FAEZ I N P B R BUE AN 2 4 s, IRPEELHIEL
W HEAT B 45 R a0 N . AF ICIC-HT/MPD Table 4 Simulation results of diffusion coefficients of

[ B3 R , m%‘¥( cl-, S()i ) ORI X water and salts in membrane

i’{]if_ﬁj(ﬂ: ﬁH%%( Mg2 ! ’ CaZJr ’ K* ) E/‘J 5 ﬁ%ﬁ Diffusion molecule 10 Diffusion coefficient/ (nm’ - ps )
g v . Water Cation Anion

NaCL/KIAZ R, CL7 B9 BRBOE R T Na™ B9 6 s 73 34 s

BEPROL—3, BEIIHI A FEERNMYHL 1,0, caso, 5.41 0.34 4.91

R TR SRR X, SR TAGE _ h0 ks 4 2.2 s

5. 5 NaCl KA TR RLEREN AP Bud FEAT L, B K, SO, 28 Foh, SRl s A o2 33547 XK 4317 it
WY R B EAR K. X RIE RS K TR SO A Z IR R P 0 TR B 5200 .
ZE EPOR, it PR 5 AL T KT A RS T 8 PRGN i B A a4
BRI He K 23 F LA S NaCl 43F- 7€ 8 FE Y 19 BUR BUR I, /K50 F#E HT/MMPD J 997 B3R B e
K, BTHEHECEANRY AR KO FAEMAT HT BB Y B R H 2. NaCl 4 F 14 HT/



. 5% R 2R Vol. 30

MMPD i i () 5 8 R B K, i A8 ICIC-HT/MMPD Jis b () B 02 B0 de /)N, B AEL4E S1 vh H A ICIC-
IPC/MPD 5528645 AR IR, A TAEMA T HT S50 BRI rp 9P SR B/, 24 HT 20
VE S AHBAARAEAERT , LR AP B R4 8 B K. NaCl 43 T-7E B P Al i AR B 2 S 28 284 1) AN () T 52
BT AR . %FF TMC/MPD L4 & CFIC/MMPD i | NaCl 43894 8032 C1- 597512y, miHE 6 A
FEAVA BN 7 Na* B2, 35 S IR = o A% T3 T HCR B0 NG B A A BV AT 428 v B A AR
OB KT, Mg, Ca®t, KT LA M C1- 1 SO~ £E ICIC-HT/MPD [ (94 # R B0k I,
T2 FAEEN Y SO BB H S BEMEAC, SEaTASTIK. 55, 5 NaCl KTk &R
TERE Y S REAR LY, Eh o U I A FEAR KRR B L2 K o3 FAERE N I8 HCR B, 45 2R3k
B, TE R KT Y 8O RN 32 1R R rp b4 T 28R A5

2 £ X M

[1] XU Nan-Ping(#FF), GAO Cong-Jie( =i A3#) , SHI Jun(Ff#7). The Chinese Journal of Nonferrous Metals ( H* [ 0,4 J& 24l )

[J], 2004, 14(1) : 327—331

Yan H. , Murad S.. Fluid Phase Equilibria[ J], 2001, 183/184; 279—287

Hofmann D. , Fritz L. , Ulbrich J. , et al. . Computational and Theoretical Polymer Science[ J], 2000, 10 ; 419—436

Tung K. L., Lu K. T.. J. Membr. Sci. [J], 2006, 272, 37—49

WANG Shu-Mei ( E#H§) , GAO Guang-Hua(556%) , YU Yang-Xin( T3#1%) , et al.. Chem. J. Chinese Universities ( 2525 % 4% 1k

F2EO [T], 2005, 26(11) ; 2113—2116

[ 6] LIYiJie(Z257%), WEI Dong-Shan(Z84<111) , JIN Xi-Gao( £ #515 ), et al.. Chem. J. Chinese Universities ( 15 % S fb 242440
[J], 2007, 28(5): 992—995

[ 7] Kotelyanskii M. , Wagner N. , Paulaitis M. . J. Membrane Sci. [J], 1998, 139. 1—16

[ 8] Kotelyanskii M. , Wagner N. , Paulaitis M. . Macromolecules[ J], 1996, 29 . 8497—8506

[ 9] Kotelyanskii M. , Wagner N. , Paulaitis M. . Computational and Theoretical Polymer Science[ J], 1999, 9. 301—306

[10] Lipp P., Gimbel R. , Frimmel F. H.. J. Membr. Sci.[J], 1994, 95. 185—197

[11] LIU Qing-zhi, HU Yang-dong. Periodical of Ocean University of China[J], 2008, 7(1) . 43—47

[12] ZHOU Yong(J&5). Study on Preparation of High Performance RO Composite Membrane and Synthesis of Functional Monomer ( & PERE R
BiBE ARG ARG % 158) [ D], Hangzhou: Zhejiang University, 2006

Water and Salts Molecular Simulation of Diffusion
Process in Reverse Osmosis Membrane

LIU Qing-Zhi'* , YANG Deng-Feng' , HU Yang-Dong’
(1. Chemistry and Pharmacy Science College, Qingdao Agricultural University, Qingdao 266109, China;
2. College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266100, China)

Abstract In this paper, we used molecular dynamic simulation method to study the diffusion process and dif-
fusion coefficient of small molecules in reverse osmosis membrane, and made an analysis and discussion of re-
lationship between the membranous structure monomer and the diffusion coefficients of small molecules in
membrane. Among the eight kinds of membranes, diffusion coefficent of water changed obviously in different
membranes and the changing direction was in accordance with experimental values. In eight kinds of mem-
branes we simulated, the diffusion coefficient value of Na® and Cl~ had much difference. The movement of
NaCl molecule was restricted by the ions which moves slowly. Diffusion process of salt molecule in the mem-
brane was only restricted by the membrane species, without relationship with salt molecules itself. Movement
of molecule of water was not affected by the kinds of salt molecules in the same membrane.

Keywords Molecular simulation; Reverse osmosis membrane; Diffusion coefficient; Membrane material
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