EASE FH4H
2025 4F 8 A

BB % 5 # A
MEMBRANE SCIENCE AND TECHNOLOGY

Vol. 45 No. 4
Aug. 2025

6@0<>o<>oo<)<>oei;
0 EEGE O
103

CO()eoeoeoeoe

SRR PR R i R A TR R e 2
S AN DR NGO 52 3t i

xR, RS,

réng,S*

(LT PR SRR 52 TR B . T 3152115 20 BB TR B 5 TR ST

T 31520153, R EBLEEBE R TR TREAABE . T 315201)

WE: WEAE S BHES BEEF ELEE; FH L, EEBARKRTREN ST @—H
& kiE, ROEEELGMERZAMERAR ZHNER &R, Lo Bt 22 RBt
e B ERRYw, REORGLTAMEBES B ENBRANET 2. 2 ZR LT RELERN
ik R P MR EE, BFR.BASNFRFHFETEROREGHERBEEEELS
YRR BT T KEA R IAE, BT Bz h A —F ML S 5 TR EZ 67k,
FR A IZ AR IR GBI R R iiiﬁ%?ﬁ%%éﬂ#i%#%ﬁi 2?‘@%/\% %%ﬂﬁf’tﬂx%% R
YRR AT R, B AR T EARY B A R B S B B My AL, A
RBEIG B 5 AR RE 0 B R AR A

KW REBRE; LR RBbE; YIER

FES S TQO28 XEAARRRD: A XEHS: 1007-8924(2025)04-0194-12

doi: 10. 16159/j. cnki. issn1007-8924. 2025. 04. 020

B 5 4 BRoOK B e e\ PR T e o) B I 2 2
AT B B AR BB BRI B S 4huE (NF)
FRCATE S 550 B8 R AR A i B 2 A 4 SR L v 2
oA BE R RERE SR A, B2 N TR K IR
b 75 BRSBTS 24 00 5 4 2 40
B, H AT R E AR T LR R
S AT B8 )2 32 xS I SR (1P 4 7 il 4%
V2 A Y A L B TG 5 A Sl A R R D S
R BERE (PA) 43852 Horh SR MR 53 25 12 i ) 3 25
(RIS R AR SF oA 25 Rk 21k

Wk H . 2025-03-12; &ekfElk®) H . 2025-03-20

R IR BRI 2 T HEL ) 1 025D X T 5 45 2
FEEi Ay B MR R A ER B S R
THT 2R A5 SR A SRR S0, SR 38R 4 B8 SR 5 R
VA5 LA I3 A1 50 A6 TR AL BIR ) 1 A0 A A ] 4005
(L TRt 3 g T 4 S T 2R A o 2 R R
o1 B PERE Al 12 00 SR LI S A B R ISR 5 B AR 2
GHEARGE P E A

UTARSR WS BAAR 1 22 i nl 5 5 1T 3R 5 3R
W% » 2 A 455 S5 NN B 45 R 45 SR et S N LA
B SR o L PR 2t Ry 2 SR W o e J

ST - WL GURERT AT S PR A DR AL BT A 55 0 [ 2024C03284(SD2) |

H—AEE T X
E-mail : wangjiangiang@nimte. ac. cn; Xl

SURASC: XHER £ X
2025,45(4) :194-205.

IEEXK (2000-) , 22 s INZRVATEE N RO AR s 22 ARG R ol 25 LR RB TS, « A, TR,
= » E-mail: fu. liu@nimte. ac. cn

LAY R S R A R R S s R T s L) ] R SR,

Citation: Liu ] H,Wang J Q,Liu F. Research progress in preparation of polyamide nanofiltration membranes by monomer

diffusion controlled interfacial polymerization[ ] ]. Membrane Science and Technology(Chinese) ,2025,45(4) ;194-

205.



54

XA - BRI il 57 1 3R o) o SRR v V2 52 5 A I T 5 i <195«

O A 2 K 28 T3 M G s O 3 S 32 LA
LR G Y e 245, il R SR B RE AL O 1
FIN LS A R P I B 2 AR L RN
A IS ) SR S A R SN B S A o
HRBR) A R SR o 5 18 2R B » DA TS5 2R
i 2 B RS TSR A B M e . o B R
Pl T2 T 5 A ML A - TS 5%
W2 B 2 RTED Y AR SO AR T R
SR A 7 T AT R . B SR B A R
il T ATE — @ R S0 3 Ik i 40 5 22 R T B
SR T LA SCHR I L FLAR RN R A A
ROPRE 2 AT S5 IR 43 85 g (95 5 R
priz e OINE /R o R N El et i s 2R
P HATBE YN DU T 2 S A il
) AW o 2 BT - e R RS VR PR R
VA VR A B ) A S 1 S O S5 TR o R A . AT
FENG RGN T S BL AR B0 B 3R 5 i
TR 53 B JZ VLT S AL L OF KR T T 3R
WM 52 A AN IE IR Y 255 PERE . 97 8 T HmT N A
Pl SRR L S I B B HICHS Tl SR s Ay SR e e 52
B AN UB IR A R AT EAS [R) U ) AR 4t T B 22 0
MEEANLE . BARTEIZDT I C S BUS T i 2 B,
(EURIT T et At )7 A 5 ok — A5 55 AT 9 T] 491 4 2
PRI HICH 0T SRR 7 B3 J2= 45 A A B R RE A9 52
B ARG — . A SCRAE T Y AR AR 2 B
PR A i 4 o 7 SR T e 2 52 A o 400
SR AT R LR R R D e S AR ) [
2 PR R ATHT S 5 AR OGS A 5 o R A2
PRI B 2%

1 RCRE SR Hony A B 4% K g

F T8RS SR MM o3 B R A R L K AR B
BAPAE H R e 28 B AR [ AR R g (PIP) ], il AH B Iz BR.
PARIE 5 R I S8 2 B R [ 4 28 = H Bt 50 (TMO) 1.
IR 38 A IR 9% R ™ 2 il AR
5 B4R = T I SR AR ST T 1SR T fe 2 Bk R
A0 TSR3 Tl 2R T i 4 0 58 o e o R B
E A2 M TR | AR I o B S O B T AR
BHERHER, b 3 D I7 R R OB SR
B EAARY . PR S LA 23 3l A5 TRI RN (i 4
8 ARRH I VR A VA% T A4 ) R A T M T3t s i 4
B3 AR ARG DA R T . T3 b BEE T
SRR AN TR RE A DR A Ji » ™ BCH o 5 i

A il % 5% T e 490 0 B 140 ot 9% AN A3 sy B 28 S 165 e
FE 0 TEAARY B R 0 4y ARSI AN TR R R
B AR A B G R

1.1 FEIAEE

SR TR T e 2 52 5 B B ) - 5 1 B 2 2 o
SR e 53 B8 )22 D L 56 68 3 1 4 o (1) 4« 3% DA
R FE AL R/ B A3 A S K A5 o ST 2R A ad
AR, H TR F IR 8 o SR R BO
AT T 2 1) A DB T A A A LR B e | PT i 224k
Az P AR A AFURSE T AR FL B R RN R B 1 FLAR o
A13 s X5k 7K AH 52 R B B A7 i RS TSt 3 B8 R 5 i
BEXF IR (AR, BIF N 53 4 HH T A 0 R A 2R Tk
Jie 3 15 )2 2 [A1 5 | A [) J2 B4 SR 5 DTG AT L 4
Tl ZAKCRE SRR R A4 RV S S I 1 — 25 S B SR
g 43 B8 2 S RA RO BE B R 42
111 JCHLGR R a2

Karan 2™ @i e R R 1 5] A CA(OHD, 44
KL (HAR 2 nm) SR 5K A7 e BRI 7K AH 75 W A
FET i RZ o, JF 3R T 5 1 3R A 2 R e 43 5
JELIE 1) PR 1o 38 8 94K Ze ) B iy (]
J2 ELA A Y 5 (R FL G5 48 DT AT L S 3R B AR 1)
BIs R, Re nT LR Rk B B /0 1 3R Tk e 1) A=
JZ 20 5 T SR A SR TR] e 2R DA A3 T
BB B2 (<C10 nm) , 7EYH K ST 2 B SR A B
T TR A 7 A 1 Jm S v T LA A R L B
AR A 0B . RS HIAE 5 MPa [ N
NGy YIRS | 3R AR I 45 46 i 45 52 5 2 507 1
FEL AR R K JHE S 1T RRUBE R, DT A R o5 T8 i Mk
[522 L/(m® « h « MPa) |, 536 90K 2 2 M
LU FEORIFE BEME I A5 1 T R A0 2 8 )2 i A A0t
JETAE RIS . B, kg a2 1 51
A R TFARORH R BRLAR R 48 A R Sy 44 ) BR800
HA TR,

Wei S50 T R fLBR SR 3 i /e
475 (SOD/GO) & A [B) 2, I3 o A1 2R A il 4%
T VERE R S A AN B, v R B e A A R
() T 454 5 LA 55 e B4R i) f S0 FE AT o T e
BRIY L B HGE R AT 5026, AL T Al
BEFES R MR AR, 20 RS A
FIEA FBOE S MR 0, HE 0%
RERZ . il e RIS G 9 s i ELA I 5K
P[221 L/(m? « h « MPa) ], R BH£ 8 T L5 1
Na, SO, #EE K (97. 220) . F3 40, B T ] 2 %t i



- 196 - BB ¥

5 f A

5545 45

PRI 80 A N AR T T Y R e A, 2 BE i 4 oK A
(MWCNTs) fiE 205 A $E 5 T2 598 HL
MG 45 B A A L i K st e e
1@[33] .

Fh s BIRGUREE RG] 2, BT
o5 B Z5 A R 43 B M BE R 450 (B0 KA R AR B 1
REV NSRS B 2 CEE, AT
PE—25 4R )2 B 3R K, Gong PSR IR £
CL JHe A PR A B 0 A A S v T )22 A A o8 T LA
TG 31 il 5 Fh )2 o 35y, Bim
B AAAFEREC, 12 nm 1Y SR B4 5 2, 7]
R SRR B AW E[320 L/(m® « h -
MPa) |, [RIEF, B TSR BERE o 25 )2 i B8 50 L il &
X CI™/SOT (k£ ik 85. 5. [RIAF, WF5E A
DR T RS 0 Bk 491 A0 £F 4k R 90K db iR
(CNO) T2 By = v 2 50 il #& wp (] 20700, R h
Vi) J22 4 ot 5 Pl B T ) 0B P TR T AR 8
17 T REBOK ARG BRI ROR . FERR KA TR &
SN SRR 55T T IR B R o T A T2 R A
Iy I & X Na, SO, # B Rt 970,815
MEE L 59.9 L/(m? » h),

1.1.2 fEZEADRE] 2

VAR , LM A HLHESE (COF) #1438 A HLAE 22

(MOF) # 8} T H 32 5 1 FP 28 T3 i 2544 L 55 £L

(a) *E* TMC

8.0 nm

ShbeAH
SR A AR
PR R

120 nm e PR KBRIKLE
g A -

7KAH

o Ak g L

MPD PIP AMP (4- B HEIRIE )
(AR e )

(b)  EsH
e

B SRR L R 43 B R AT GV A R T B
AR T BAT 90K A S5 0 L 8 /K ARV A A7 AN
e LA R TR T EL A A AR A A B, T LSS Sy 3
SIRBARRER . Yuan %O i 1, 3,5 - = HIfE[E]
K= (Tp) 5¥ R i (Pa—1) & ik TpPa-1 A4k
WA HUHEZE 4 2K - (CONs) , 75 2 B R 11 17 T
] 2 A5 (CLS) LI 1(b) s . 7EMRAL I 4%
P BRI 10 nm (R BB 2. Bkl
NN 5 5 = 1k 536 L/(m” « h « MPa),
Xf Na, SO, IR %K 94. 3%, 16 FR#F5E .8
B2 E AT E LR . HRBE 2 245 E
B PRI 2568 0T — 4R A 5 s
%[20, 41] .

Wang %513 1 7 L R 1 ORISR £2 T e & i
1) ZIF -8 Yok pi FIE i) 2 . F R A5 it
220 P 2 B3 s DT 1T LR B R 1) 3R Tk e 4y B
ZELNE 1 (o fin ], i — B3R IR 2 05 8 i
[535 L/(m* « h « MPa) ], A4k, #1% )5 ke
BRI Z IR S 1 Y R BERG 3 85 )2 . 158, Rk AE
RGBT L7 T8 AR 23 Js 5 4 (A0 K kL
T RBRIE) s FLURB G 76 98 KbL 2 1 9 2R ke » vl
WE— 2T BB /N RS (ORE A 254 . TR am A 4
KA R BRI ] £ 1 SR ok e 7 5 2 LA B R ik
DE TR SRR B 350 e 1 R BRI 2 —

(¢) T™C

O ezttt ziv-s

SWCNTs
i,

BT CACOFD GALRAR g v J2 ) R I 43 B )22 i 35 s R P () 5 COF AR Sy ]2 14 SR M e 245 A DRSS 1) 1 40 (D) 5
DKL T3 0 SR B B v A R s R IR (o)

Fig. 1 Schematic illustration of polyamide separation layer fabrication using Cd(OH); nanostrand layer as intermediate

layer™’ (a) ; schematic illustration of polyamide separation layer fabrication using COF as intermediate layer- (b) ;

schematic illustration of the preparation process of polyamide nanofiltration membrane assisted by nanoparticlest*! (¢)
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Fig. 2 Schematical illustration of Turing-type structures in interfacial polymerization™*) (a); schematical illustration

of the inorganic salt-tuned interfacial polymerization process™®’ (b) ; schematical illustration of co-solvent assisted

interfacial polymerization process ['J (¢) ; schematic illustration of “acetone extraction effect”™(d) ;

schematic illustration of the monomer diffusion in ionic liquids®" (e)

TS A 4 SR S Ao A Ak PR R B
5T RIS G OB IR RE . AR RFNIh AR
VOO B ) 08 7 R 2 6T T BRLAR 1 T B R K R
M) o 300 3 VA VR0 82 p L 5 5 5 L 3% T 5K 7 N 77
R AT , AT LSBT B A B 5 04 4 s 3
e 28R ST SR W g 53 5 )2 45 ) R 4 e M R 1Y R
P o AHES T ]2 SR W (A VA W 45 5 T e
Bk A = R
1.3 FRmEERERE

HY -5 T8 2R A R PR ) R e R A i 2
] T R A 1A ke g 2 B R T AR BT R
SE ST 5 DTS B0 B R A B 1T Ak 1) 28 6 B g o PRI
W ST P R B N B B HIORI 3R B e 4 5 2
JE HLA TR
13,1 VRO R

Liang %1% 3 o 26 B 1) 3 10 % 4 70 5 s, S B
TR R B . KA A B RS TR
T 1A 90 AT A /K 3l T A 7 HES S TR K

1Y BH 5 - S AT AR AR T8 16 PR R o L i Bl
ap I 53| 7 KRR YR PP AT 1 FE AR R W8 B, AT il 75
WR W AR AR AZ A2 K I A Ak w A LA 181 3 () IR .
TS PR B S5 T 2K S TR A M B B e
LT S 2 S PR A A BRAR T K IR A
T B4 T T o (AR R 2E o B IfT Y BE 2 AR T
RPN TT T RS T e 2 (75 UR W6 AR Rl fi% K
N ST E R el SUR o TR IR 3L
BT AR LIRS AR O] DS BAS [R) 2 F B R 53
2 BAE LR R L BR T K/l A D 0 2R 1
FERJZ A AR Il A7 7 R 1 Vi 25 2 1T 3% 1 551
TR B R R HR) . % R, Peng
ST SR T AR SR T o T A ) ) SR
TEARIE 2 17355 1 790 AT LATE K 3 5L T T A e o2
GIBAEDBL T T bR T 4 100 4 750 8 R A V8 W b i 23R
2L A& 3(b) AT ], (A5 S5 g B A FE V6 Y 3 A T
Sh#hys) . % A B R B R A AN IR A S B
H3.0~8.0 Al A=10"" m) Bz LIRS AL T



54 KA - SRS TBCE i I 2R 6 SR M W2 5 S A B IS sk Je - 199 -

2]

KZBRIN NF B, 40 NF 90(1. 6~12.6 AVRI DK k., il & 49 ug B S BL 18 f 99. 1% 9 Mg B
NF (3. 0~9.5 A, BFIRSRIFLARN M 14 A UG Lit/Mg® geRtE (4 147)

® 10 R ER A S —
80+ L 523
w7
TMC 60+ Zr @//
O1 40L N,Cu/;o.}’)cgﬂg’
PIP §> 20+ er’i . mﬁé"{/g:ﬂcw
= oo 3
tﬁ- . e
;% 100F REEHEH e C;:w.c_"_____:“.h___;____
BFERE o fOT e T
80r [
601 |
R Rt |
zm,gz ,z,;z,zs,@ —_ N
> ‘H O ° 20 :-.gz@_ﬁ_ﬁ:)‘___y_vlﬁ_?m
SDS 0 - h L L |
(Tl LR ) 1.0 2.0 30 40 50 60
A8 A

y 2 = e ke IR | =
v V Sj v v v v R4 bR MY WA 0,0 0,0 0,0

.......................

.......................

B MPD- 7k /7k
VK T 5 M 2 1

XXXXX

SRR

rm

Lma&l (=

K K

S TMC HEE A YRR

1
c.oo0 00 =

Pl 3 KA Cao T e P () 382 TR 1A 70 B 9 1T 2R 4578 T 0 s ok E e T SR B R (o5
FRVCH IR 545 R BN 2 A A B IR R 1R (D

Fig. 3 Schematic illustration of surfactant assistant interfacial polymerization with water soluble (a) and

oil soluble (b) % ;schematic illustration of the interfacial polymerization at the ice/n-hexane
interface 1'% (¢) ;schematic illustration of vapor induced interfacial polymerization for polyamide

nanofiltration membrane fabrication %) (d)



£ 200 - BB 2%

5 o R

45 %

1.3.2  [&I A

TR RSB, R T VRO A I 3 A VI B
TSRS . e AR A Rk A 9N g
SR s v AR A 5 AT LA RERARR 95 3] 1) el 2 A s
SLACPRMET] . 3 A BRRAE AR T R AR A T
VAR 1 i, A B S0 B0 B G 1 PR RS . 3
F It s Zhang %53 15 5 25 K S i 9 KR SR 44 3R
R AL LAn & 3Co s |, B SR W Bl it A7 T ik
VKSR B T LA S vk T A ik T 2% 18 R
I 3 3o X K Rl A SR A 4 ) T LA S0 45 g B
PIREGHE %, R T 0K 5 e BRAA 1Y) = 45 6 i R T
P DA SO 33 F2 oK/ K IR A 0 0 26 B ml b ol 72
S B0 NS HE— B BOE IS HCR R vk B
Fofs B () I B , DT T J B A8 11 S I FLBSR . 3 o 1%
J5 10T LA 5 A5 2 5 A B SR S 454 AR B A
HE B — S5 BB 3 85 )2 S 2R T T Jr il &
PR35 %297 L/ (m? « h « MPa) Jfil CI” /SO
BEFEME(143. 8,
1.3.3 A E R

THAN s BT T AR S R  AF SN DL AR
TR R A RN, Sl AR N s
SR RN Y S 5 S R A AUAT DL
SR 55 bR I IO SR [R) Bt AT LA R LI R 1Y
. 3Rk AT s A AR TR L A K
TS AR e PEDY . Paseta %07 il MoK =

P Sl R AT B ik 2R & SO R LA 3 () s T
G S P BRLA K I W o R I B of BT
P 58 585 P S 1140 2% A M LA A B 10 3R 5
v 1T S B AR 0 10 P R R A T T AR G A T
RETLZHHATrE H e R P k. dd
TR T SR 5 0 ) i ) R T 2 B A T S IR R o
Mo R TR = I S SUONIK AT 9 2 T
(19 S5z 7 9 1 et 0 s BT I A T LA O S R
BB SRR E . SEEMAHREG T Z
FH LU+ AU T 3R A5 53 A Gt A L 3 a2 T £
JRy it R R B -5 5 S R S
PR HCLARUA,

F I AT UL S 8 e PAKCRH 2 5 87 5 1T » i DA
TR 42 S I SR TR 40 o B T 2R 7 i A
SN o 5T A 2R 5K T AR RE PR AR A R A
FIERBENE o B R A BB R N R . v

SN FY) 2 SRS B B 4 IR P8 o 2 T T L2 S B X
SN o3 2 2= R B AL ALAR KN B Hooy A1 L 52 1k
BRI s vE e BE T A RO B (AR IE
Je - EARAITFE AR P A IR A AT X S
RUZEAE N OTRE . S SR A5 vk il 6 TR i 52 5 AN DB I
WU S ] 35 R o S0 S T ARG S P » e 52
B R B RORAL A PR E A BB A 3R 1
X b 3R =l B IR I 3 o 2% o 7 YR A 2 Y
NUENE A PEREBEAT TR

A1 AR AR H &0 WA B
Table 1 Nanofiltration membranes prepared by different regulatory strategies
R I o EREbAE A 6 S0k
Cd(OH), #pkLiiift)z 522 - [20]
23 [N IR 4 TpPa-1 i) )2 536 Na, SO, :94. 3% [40]
PD/ZIF-8 ija] 2 535 Nay SO, : ~95% [41]
IKAFEBIMA PVA 260 Na, SO, :99. 6% [19]
RS RO KA BN A TN B R R G 166 Na; SO, :97. 8% ; NaCl: 72. 7% [45]
AR WO A B R 2 e 184 Naz SO, :99. 5% ; MgCl, :98. 8% [47]
JKAHFET I PR SDS 4% Rm B & 171 Nay SO, :99. 6% ;MgCl,:95. 0%  [52]
FrmdE IR AR TE G MR DDP JE R R A 88 Na, SO, :99. 7063 MgCl,:99. 1% [53]
VK T SR L T SR A 297 Na, SO, :99. 6% [18]

2 PRy I EEMN

HEAR R FHEERR (G TR BLAE ) A
TR IV R A R £ do e L
) 5 5 W G R R A T AT

A 258 ST 3R HOAR T 3 Y B S A | R TR R A
ZHRAACR BN Z 450 B AP AT 1D 259K sh
U T 2SS PR RE A A8 AN WA T 2 1
WK 2) BAOULHL RSN - B PACH™ R, SR S5 B 45 S
A PRI Z OSSR XE LA S RS v 4 . 9K



54

XA - BRI il 57 1 3R o) o SRR v V2 52 5 A I T 5 i * 201 -

AR [ F8h J12% (MD) | % 3z ok B i
(DFD) |5 A T& e[ ML= > (ML) 11 5] AHES)
T Y MDA S 56 AIF 7 1) AL L AT — B0 O Bh 7 B
/E[S&Sﬂ .

Li 8 S8 3543 20 1 2 RV 7 oR SR A AT
T N, N- B (DMEF) 125 5770 %F 58 Bk iz 12 1)
AL L& 4 Ca) PR ], 38 3 % K &0, DMF
o SR WERE 1 PR AAFR S8 0 ) B A1 T e S ) 95 o I
FH B AT A 2F 1% 3R ) fif 29, OB il Bt 38 LB (FL A% ~
0. 8 nm) , BEMEAT R i LA B 4 1 AR SR Ik e 0
BAR R A BTN IR IR B B . Lin Y
S1IEUN) e WAL o2 7K (Y S RS M L S E VAR R TN (33
AR S 8N 1 W IR R, RGNS T — Ik
S5 2R e (MPD) Y B X B8 235 4 1) 5 e [ 4 €]
A(b) firzn ], 38 A A 5200 5k S B T IR

(a)

MPD-TMC

HENT VR L s ) 2 - B R - PERE T Y A
BROCFR o SIS T Ak B A Ve B B 5 0 8 2% 58 G
BT B LA 4549 19 R Ik B 43 25 )2 i3 7K 1
[235 L/(m* « h « MPa) ] 5 # 8 & (NaCl 91%) 3¢
IREAL Y R, Ay e 38 B — e s B P Rk M P
PEVEH R BE T HEHESL . Geng S L+ ke 3
AR 64 (SDBS) 5 -1 — 5t 1 1t B2 #h (SDS) 2y 4
R G55 57 30 ) 2 T Bz oR B ) B 3R TS
PEF R ST R A ROALEE . T ke R R il R N R
F 5 [A] 2R I PR IE B AY o—  5iR AH A L i [A]
R T AR AE TR XA F A0 A e T A5 R AN Y
A1k, [FIEF L SE 3 T O AR DL AR, T e B OR
T R ) {8 1) 4 — e ™ ¥ R AR T 25 %0, JON X ]
KA AL - T8 WAL AR o3 A 3028 1 SR Bk 2 [ an 1] 4
(PR,

#0634V
g

Pl 4 N, N=ZH RS e v v s e IO R SR i S22 i MIPD 1 TMIC 43 F 9 BUBRUR 22 - (a) 5
GBI AL ST SR A S st R R P () 5 ST A 7R D 9 A 1 SR 1A 4 PR R B (o)
Fig. 4 Schematic simulation of molecular diffusion of MPD and TMC during dissolution of oligomeric PA layer by

DMEF solution® (a) ;schematic of IP reaction process simulated by molecular dynamicst®” (b) ;

schematic molecular simulation of surfactant-regulated TP**) (¢)

UTARSR 7358 T o 5 R R R S N i
A TSR A e A v BRI P LR A A% 0 T Xl
S8 — R OUCHIR Bl 14 B B A R S R
RN RRAG LY 1 F AR ALEL” (1998 R
i — A — g R A DB 0 5 o T B Sk
fifi . ASRBEE #HEFT RS A s LR F & dn
FORIEE N TR B 6 o 57181 3R 5 1 50 K 2E A B AL

H ~ AT G A - LA AKRAIE O PR A S T
e B TR T3 TN 2 50 o 1) B A B
3 RHEMEZ

ARSCIRTBEA ST IR A 3 T S T 2

o REMAT R A5 9N U I A AT 5T 1 7% o DA 25 8] 240
VA AHH I WO A S P TR A AR o



£ 202 - BB 2%

5 oH A A5

RRADL YA T T S BB 1 AN [ 5 o8 B B A (AL 45 7K
R FRLAA A AL G S O 3 BRGS0 ) 20 B
T IO SR 23 8 J2 ) B A R R 2 B
REATSEMARLE o (A7 ZEPE 1 4 Bl Ok AR R LU R
MU AE = B Al REVE . B 1 0 W P RE SR LI 2 5 N
DR A ] ] o P AL AL L (R BT HOR B SR AL M
BIR EARTARRER S I T BA R AR L 23
M AR AF AR — e AL v A BB e — R 3t 07 » 1
AN SN, B R B PR A 0 SR e Y o3 B R RS 45
FIoT BSTERE R R ML B RE AT — . TSR
WFFE AR 5 208 LR JLAS 5 A A gk 2L 4%
TEXS AN UE B B J= 2 R T AT LB A B R RE A 4 Y
P .

1) 5 2 R DR S IO R A I A7 s AR
F R STk IE 0 AT B SR T A S 5L
a3 o DX T B B AR A S M

2) T B TR I 43 v S A AR A DU M 4
AR DLREAE B 1 b SR 2R L% J= (1 25 A T AE BIL
MR R AR BB S,

3) i ELE G ENE TS S g — 20 WK o)
T BT AL TR R B 5 )= P AL R AL
AT o3 B IR AR 5 B R TA] B R SRR

S 30k

[1] Shannon M A, Bohn P W, Elimelech M, ez al. Science
and technology for water purification in the coming
decades[ J]. Nature, 2008, 452(7185): 301-310.

[2] Pendergast M M, Hoek E M V. A review of water

treatment membrane nanotechnologies [ ] ]. Energy
Environ Sci, 2011, 4(6) . 1946-1971.

[3] Zhao Y, Tong T, Wang X, et al. Differentiating

solutes with precise nanofiltration for next generation

environmental separations; A review[ ] ]. Environ Sci

Technol, 2021, 55(3): 1359-1376.

Abdel-Fatah M A. Nanofiltration

applications in wastewater treatment: Review article

[J]. Ain Shams Eng J, 2018, 9(4); 3077-3092.

Gohil J] M, Ray P. A review on semi-aromatic

[4] and

systems

polyamide TFC membranes prepared by interfacial

polymerization: Potential for water treatment and
desalination[ J ]. Sep Purif Technol, 2017, 181 159-
182.

Cadotte ] E, King R S, Majerle R J, et al. Interfacial

the

[6]

synthesis in preparation of reverse osmosis

membranes[ J|. J Macromol Sci A, 1981, 15(5): 727-
755.
[7] Wang K, Wang X, Januszewski B, et al. Tailored
design of nanofiltration membranes for water treatment
based on synthesis-property-performance relationships
[J]. Chem Soc Rev, 2022, 51(2): 672-719.
Lu X,

membranes by

Elimelech M. Fabrication of desalination

(8]
interfacial polymerization: history,
current efforts, and future directions[]J]. Chem Soc
Rev, 2021, 50(11) . 6290-6307.
Yang Z, Guo H, Tang C Y. The upper bound of thin-
film composite ( TFC)
desalination[ ] ]. J Membr Sci, 2019, 590: 117297.
[10] Geise G M, Park H B, Sagle A C, et al. Water
permeability and water/salt selectivity tradeoff in
polymers for desalination[ J]. ] Membr Sci, 2011, 369
(1): 130-138.

Zhang R, LiuY, He M, etal. Antifouling membranes

(9]

polyamide membranes for

[11]
purification; strategies and
mechanisms| ] ]. Chem Soc Rev, 2016, 45(21). 5888-
5924.

APRRTE s TR TN, 5. AN FRXUZ B Bk B 44 1k
PR B B PR BRI SE [T BBk 55K, 2023, 43
(5): 50-57.

Liu Y, Liu L, Narendra B, et al. Advancing high-

nanofiltration

for sustainable water

[12]

[13]

performance membranes: Tailoring

monomer molecular design to enhance diffusion-
reaction synergy in interfacial polymerization [ J ].
Desalination, 2025, 598. 118415.

Baig U, Waheed A, Ahmad H, et al. Synthesis of

methyl 3,5-diaminobenzoate to develop polyamide thin

[14]

film composite membrane for investigating the impact
of in-situ methyl hydrolysis on its permeate flux and
sulfate rejection [ J ]. Sep Purif Technol, 2025;
132178.
[15] Chen H, Zhao F, Zhang X, et al. Design an in-situ
anti-bacterial structure of nanofiltration membrane
with a novel bisimidazoline aqueous monomer[]]. ]
Membr Sci, 2024, 707, 122992.
Peng H, Yu K, Liu X, et al.

design of chlorine-resistant and high-permeance lithium

[16]

Quaternization-spiro

separation membranes [ ] |. Nat Commun, 2023, 14

(1): 5483.
[17] Wang K, Fu W, Wang X, et al. Molecular design of
the polyamide layer structure of nanofiltration

membranes by sacrificing hydrolyzable groups toward

enhanced separation performance [ J]. Environ Sci



54

XA - BRI il 57 1 3R o) o SRR v V2 52 5 A I T 5 i

+ 203

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Technol, 2022, 56(24): 17955-17964.
Zhang Y, Wang H, Guo J,
synthesis of highly ionized 3D-quasilayered polyamide

et al. lce-confined
nanofiltration membranes [ J]. Science, 2023, 382
(6667): 202-206.

Tan Z, Chen S, Peng X, et al. Polyamide membranes
with nanoscale Turing structures for water purification
[J]. Science, 2018, 360(6388); 518-521.

Karan S, Livingston A G. Sub-10 nm

polyamide nanofilms with ultrafast solvent transport

Jiang Z,

for molecular separation [ J]. Science, 2015, 348
(6241): 1347-1351.

LiJ, Yuan S, Zhu ], et al. High-flux, antibacterial
composite membranes via polydopamine-assisted PEI-
TiO, /Ag modification for dye removal[ J]. Chem Eng
J, 2019, 373. 275-284.

Freger V, Srebnik S. Mathematical model of charge
and density distributions in interfacial polymerization
of thin films[J]. J Appl Polym Sci, 2003, 88(5):
1162-1169.

Werber ] R, Deshmukh A, Elimelech M. The critical
need for increased selectivity, not increased water
permeability, for desalination membranes[ ] ]. Environ
Sci Technol Lett, 2016, 3(4) . 112-120.

Ma Z, Zhang X, Liu C, et al. Polyamide nanofilms
synthesized via controlled interfacial polymerization on
a “jelly” surface[ J]. Chem Commun, 2020, 56(53):
7249-7252.

Cheng X, Lai C, Li J, et al.

desalination and heavy metal

Toward enhancing
of TFC

A cost-effective interface

removal
nanofiltration membranes:
temperature-regulated interfacial polymerization [ ] .
ACS Appl Mater Interfaces, 2021, 13(48):. 57998-
58010.

B2 BRE AL B % ZRERKRES 2
St &tk e oK A aE L) ] BBk 5K,
2024, 44(5). 108-116.

Xin J, Fan H, Guo B, etal. Interfacial polymerization

at unconventional interfaces: an emerging strategy to

tailor thin-film composite membranes [ J ]. Chem
Commun, 2023, 59(89): 13258-13271.

Wittbecker E L, Morgan P W. Interfacial
polycondensation. [ [J]. J Polym Sci, 1959, 40

(137): 289-297.
AIGE, BB AT L% hEEHE LR B G
SE BRI, BRI S5HAR, 2024, 44(5) .
150-155.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Yang Z, Zhou Z, Guo H, et al. Tannic Acid/Fe*'
nanoscaffold for interfacial polymerization: Toward
enhanced nanofiltration performance[J]. Environ Sci

Technol, 2018, 52(16): 9341-9349.

Zhao W, Liu H, Liu Y, e al. Thinfilm
nanocomposite  forward-osmosis =~ membranes  on
hydrophilic ~ microfiltration ~ support ~ with  an

intermediate layer of graphene oxide and multiwall
carbon nanotube [ J]. ACS Appl Mater Interfaces,
2018, 10(40) . 34464-34474.

Wei S, Ding X, Qiu Y, et al. Enhanced performance
polyamide membrane by introducing high-porosity
SOD/GO composite interlayer to tailor the interfacial
polymerization process[ J]. Chem Eng J, 2024, 481.
148595.

Wu M B. Lyu Y, Yang H C, er al.

composite membranes

Thin film
combining carbon nanotube
intermediate layer and microfiltration support for high
nanofiltration performances[ J]. J Membr Sci, 2016,
515; 238-244.

Gong G, Wang P, Zhou Z, et al. New insights into
the role of an interlayer for the fabrication of highly
selective  and thin-film  composite
nanofiltration membrane [ J ]. ACS Appl
Interfaces, 2019, 11(7). 7349-7356.

Wang J, Yang H, Wu M,

membranes with cellulose nanocrystals as an interlayer

permeable
Mater
et al. Nanofiltration
for unprecedented performance[ J]. J Mater Chem A,
2017, 5(31): 16289-16295.

Zhang X, LLv Y, Yang H, et al. Polyphenol coating as
an interlayer for thin-film composite membranes with
enhanced nanofiltration performance[J]. ACS Appl
Mater Interfaces, 2016, 8(47). 32512-32519.

Feng X, Ding X,
frameworks[ J]. Chem Soc Rev, 2012, 41(18): 6010-
6022.

FuJ, Das S, Xing G, etal. Fabrication of COF-MOF
composite membranes highly
separation of H, /CO,[]J]. J Am Chem Soc, 2016, 138
(24) . 7673-7680.

HErE, kO, BB % ETSREAIE R
(MOFs) 40 ug e il s i ox AR T, IRl = 5 HR,
2022, 42(2) . 154-162.

Yuan J, Wu M, Wu H, et al.

framework-modulated

Jiang D. Covalent organic

and their selective

Covalent organic
interfacial polymerization for
ultrathin desalination membranes[J]. ] Mater Chem

A, 2019, 7(44): 25641-25649.



< 204 - [ I I S 55 45 4
[41] Wang Z, Wang Z, Lin S, et al. Nanoparticle- nanometre pores for sub-1 A precision separation[ ] ].
templated nanofiltration membranes for ultrahigh Nat Commun, 2020, 11(1). 2015.

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

performance desalination[ J]. Nat Commun, 2018, 9
(D) 2004.

Dai R, LiJ, Wang Z. Constructing interlayer to tailor
structure and performance of thin-film composite
polyamide membranes: A review [ J ]. Adv Colloid
Interface Sci, 2020, 282: 102204.
Ren X, L., Fu H,

polymerization process based on diffusion control: Role

Wang et al. Interfacial

of chemical composition and morphology on fouling

resistance[ J ]. ] Environ Chem Eng, 2023, 11(5);
110511.

Liu B, Wang S, Zhao P, et al. High-performance
polyamide thin-film composite nanofiltration

membrane; Role of thermal treatment[]J]. Appl Surf
Sci, 2018, 435. 415-423.

Shen L, Cheng R, Yi M, et al.
membranes with structural homogeneity for ultrafast
molecular sieving [ J]. Nat Commun, 2022, 13(1);
500.

Lee J, Wang R,

understanding of

Polyamide-based

Bae T H. A comprehensive

co-solvent effects on interfacial

polymerization: Interaction with trimesoyl chloride
[J]. ] Membr Sci, 2019, 583: 70-80.

Wang Y, Chang H, Jiang S, et al. An efficient co-
solvent  tailoring interfacial —polymerization for
nanofiltration: Enhanced selectivity and mechanism
[J7. J Membr Sci. 2023, 677; 121615.

Ye Y, Qiu N, Qiu Z, et al.

induced piperazine diffusion reaction for regulating thin

Acetone extraction

film composite nanofiltration membrane[ J]. ] Membr
Sci, 2024, 694 122426.

Dong K, Liu X, Dong H, et al. Multiscale studies on
ionic liquids[J]. Chem Rev, 2017, 117 (10): 6636-
6695.

Ben-Zvi A, Taqui Syed U, Ramon G Z,

Alternative materials for interfacial polymerization:

et al.

recent approaches for greener membranes| J]. Green
Chem, 2024, 26(11): 6237-6260.
Liu C, Yang J., Guo B,
polymerization at the alkane/ionic liquid interface[ ]].
Angew Chem Int Edit, 2021, 60(26) . 14636-14643.
Liang Y, Zhu Y, Liu C, et

nanofiltration membrane with highly uniform sub-

et al. Interfacial

al. Polyamide

[53]

[54]

[55]

[56]

[58]

[59]

[60]

[61]

[62]

Peng Q, Wang R, Zhao Z, et al.

ion

Extreme Li-Mg
selectivity via precise size differentiation of
polyamide membrane[ J]. Nat Commun, 2024, 15(1);
2505.

Droudian A, Youn S K, Wehner L. A, et al. Enhanced
chemical separation by freestanding CNT-polyamide/
imide nanofilm synthesized at the vapor-liquid interface
[J]. ACS Appl Mater Interfaces, 2018, 10 (23).
19305-19310.

Paseta L, Echaide-Gorriz C, Téllez C, et al. Vapor
A method

synthesize thin film composite membranes without

phase interfacial polymerization: to
using organic solvents[ J]. Green Chem, 2021, 23(6):
2449-2456.

Li W, Yang Z, Yang W,
polymerization of high-performance thin-film composite
membranes for nanofiltration[ ] ]. AIChE J. 2022, 68
(2): el7517.

Ignacz G, Bader L., Beke A K, et al. Machine learning
the
technology: A critical review[ J]. ] Membr Sci, 2025,
713. 123256.

Dangayach R, Jeong N, Demirel E, et al. Machine

et al. Vapor-phase

for advancement of membrane science and

learning-aided inverse design and discovery of novel
polymeric materials for membrane separation [ ] ].
Environ Sci Technol, 2025, 59(2): 993-1012.

Gao W, Wang G, LiJ, et al. Insights into synthesis
and optimization features of reverse osmosis membrane
using machine learning[ J]. Materials, 2025, 18(4);
840.

Li H, Xu S, Wang B, et al. A new insight into the
effects of DMF solvent activation on the polyamide
layers of nanofiltration membranes by molecular
simulation[ J]. J Membr Sci, 2025, 718. 123667.

Liu G, Wei M, Li D, et al. Understanding interfacial
polymerization in the formation of polyamide RO
membranes by molecular simulations[ ] |. Desalination,
2024, 586 117869.

Geng H, Huo X, Jing Z, er al.

process of interfacial polymerization for fabrication of

Monitoring the

polyamide reverse osmosis membrane via molecular
simulation based on n—r interaction between surfactant

and monomer| J|. J Membr Sci, 2025, 713: 123369.



54 XA - BRI il 57 1 3R o) o SRR v V2 52 5 A I T 5 i * 205

Research progress in preparation of polyamide nanofiltration membranes by
monomer diffusion controlled interfacial polymerization

LIU Jiahuan'*, WANG Jiangiang®®, LIU Fu*"*

(1. School of materials Science and Chemical Engineering, Ningbo University, Ningbo 315211, China;
2. Ningbo Institute of Materials Technology &. Engineering, Chinese Academy of Sciences,
Ningbo 315201, China; 3. Ningbo College of Materials Technology &. Engineering, University
of Chinese Academy of Sciences, Ningbo 315201, China)

Abstract: Nanofiltration, characterized by its high efficiency, mild operation, and strong adaptability, has
always attracted much attention in alleviating the global water crisis. Thin-film composite polyamide
nanofiltration membrane is the most applied nanofiltration membrane product. Its separation performance
is mainly affected by the properties of the polyamide separation layer. Interfacial polymerization is the
commonly used method for fabricating polyamide separation layer. However, the rapid reaction rate and
difficulty for structure manipulation are the key problems in this method. Recent years, many works have
been developed for the fabricating thin-film composite polyamide nanofiltration membrane. Monomer
diffusion control is a simple, effective and scalable strategy for solving the above problem. This article
presents the research progress in recent years on the preparation of nanofiltration membranes by regulating
the monomer diffusion, aiming to revealing the mechanism for its effect on structure control and separation
performances. It also tends to provide references for the application of laboratory membrane fabrication in
practical scenarios.

Key words: interfacial polymerization; monomer diffusion; polyamide; nanofiltration membrane
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