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Development of MXene layered nanofiltration membrane for molecular sieving

LIU Rong, XU Zehai' , ZHANG Guoliang

(Center for Membrane and Water Science & Technology, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: MXene, as a new class of two-dimensional transition metal carbide/nitride materials, is rapidly

emerging. Due to its unique two-dimensional structure and excellent physicochemical properties such as hydro-

philicity, antibacterial properties, MXene materials are widely used in constructing high-performance separation

membranes and show promising prospects in various separation systems. Unlike previous reviews on MXene-based

separation membranes, this article summarizes the research progress on MXene layered composite nanofiltration

membranes from the perspective of the types and dimensions of interlayer composite materials, highlighting key

issues that need to be addressed to further advance the field. This article first discusses the challenges faced by

MXene-based layered composite membranes in nanofiltration and the basic requirements for practical separation

applications. By using different type and dimensional nanomaterials for interlayer composites with MXene, the

design strategies for MXene layered nanofiltration composite membranes with desired microstructure and

multicomponent characteristics are briefly summarized. On this basis, it further introduces the broad application

prospects of MXene layered composite membranes in nanofiltration, including seawater desalination and waste-

water treatment. Finally, the challenges faced by MXene layered composite nanofiltration membranes are analyzed,

and the future research and development directions are outlined.
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Fig.6 (a) Preparation of MXene layered membrane!”; (b) Preparation of MXene layered membrane crosslinked with carboxylated cellulose nanofibers!*‘!
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MXene FERYJZ R, 48 ) MXene JZ2 IR B T
MRS 2 [ BE ) A2 6 7E 0.05 nm 247, W] I i%
JEEAE 30 NG Bk UE P AT DR AR 1 o S PERE, W
7 AT S P ik v A eT = A . AT 6(b)
iz, Zhang %51 38 i 1 A — 4 1) 52 10 2T 4k 25 40
K 25 4 (CNFs) >k A &% 1) 2 MXene [ (1) )23 [|] 45
¥, I8 28 5 U8 0 7 1 R SR kAR (PES) A% I
DURLLA % Hh MXene 24 38 (NF) i, HAET&T
MJZEFES 0.4nm, M7ERA T)ZEIEE A 0.47 nm,
{CAE 4K 0.07 nm, i IE Ik T B — MXene % 11 )2 7]
PEAE TR SR 0.29 nm #9728 A0 0R B, [R) i 3% g
TER A 76 h AR Ik g v, 7K 255 38 1 L R
WA A B AL, BoR AR FE AR E R
P MKk BE o Sun 55 P i {32 Bk B A

MXene-CNT fii, H 7 T WARE T A9 )2 | BE AR 1k
FE 0.13 nm 2247, A BF7E 50 h (44 300 48 o 1o 9% v
PR S BB B e P bE, R L 5 i BUiss ik
PE, X — R GOK MR A RIS 3R 4 S [ i ]
g, AIF & EA RPUE K BE Y MXene 2k
PEAR AL TR g2 . WAl AN E W kA R A
A FaEJZ A ) MXene 2RI, & HAE B 17
T b B B i R R AR E 1, X HEIE MXene JZ2 IR
Y UEREE I Tl AR FH A A H B R

5 MXene /=X 45 BR 89 5z A

MXene M B 5 & 200 5 B9 FebE, Bz 0
T B 8 a5t . 4T, MXene JZ2 4R 44 38 f
F2 AR A AR I K IR A % K A B A 4 s 9 R
Wk 1w,
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Table1 Application of MXene-based nanofiltration membrane

P
Application Membrane Design strategy (Iﬁ;m:;r_llc. I(Zir'l) Rejection Ref.
MXene-T400 Self-crosslinking 3.5 75.9% for Na,SO, [25]
Gly-3@MX-3 Glycine crosslinking 7.5 86.28% for Na,SO, [26]
PEI/MXene Polyethylenimine crosslinking 9 82% for MgCl, [47]
Seawater HPEL Hypelr.brlznchgfil polyethy(lif.:nlmere | piss 64.15% for MaCl o
desalination AgNP@TI,C,T, cros.s inking+Si Yer zero-dimensiona . .15% for MgCl, [48]
particle composite
MXene - ~59 ~70% for Na,SO, [49]
GO-MXene Grapl%en.e oxide composite+Self- 02 ~959% for MgCl, [50]
crosslinking
Carb thyl-B-cyclodextri
MXene/CM-B-CD ar O,XYITIe yl-p-cyclodextrin 431.37 99.7% for methylene blue [27]
crosslinking
MXene-PEI Polyethylenimine crosslinking 137.77 99% for Congo red [28]
Sil -di ional
Ag@MXene ! Vejr zero 1me.n510na 354.29 92.32% for methyl green [29]
particle composite
Al,O3 zero-dimensional .
MZXene/Al,O4 A . 88.8 99.8% for rhodamine B [30]
particle composite
CNTs-MXene Carbon nanotubes composite 1270 100% for crystal violet [31]
Wastewater GO/MXene Graphene oxide composite 71.9 ~100% for methylene blue  [35]
Sodium lignosulfonate modified+
treatment MoS,@LS-MXene gnos it 93% for Congo red [37]
MoS, composite
. Ammonium acetate modification+
GO/AA-TizC,Ty . . 1155 99.1% for Congo red [39]
graphene oxide composite
PEI-MXene Polyethylenimine crosslinking 441.3 99.82% for Congo red [54]
Fe(OH -di ional particl
MXene e(OH), zero-dimensional particle 1084 90% for Evans blue [55]
composite+HCl treatment
93.2%-99.8% for Mn**, Zn*,
TiyC,T,-EDA Ethylenediamine crosslinking 20 AP [56]

Cd2+, Cu2+, Niz+, Pb2+

Notes: MXene-T400—MXene-temperature-400°'C; Gly-3@MX-3—Glycine-3@MXene-3; PEI/MXene—Polyethylenimine/MXene; HPEI-
AgNP@Ti;C,T,—Hyperbranched polyethylenimine-silver nanoparticle@Ti;C,T,; GO-MXene—Graphene oxide-MXene; MXene/CM-f-

CD—MXene/carboxymethyl-B-cyclodextrin;
GO/MXene—Graphene oxide/MXene;

MXene-PEI—MXene-polyethylenimine;
MoS,@LS-MXene—MoS,@sodium

CNTs-MXene—Carbon nanotubes-MXene;

lignosulfonate-MXene;  GO/AA-Ti;C,T,—Graphene

oxide/ammonium acetate-Ti;C,T,; PEI-MXene—Polyethylenimine-MXene; Ti;C,T,-EDA—Ti;C,T,-thylenediamine.
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Fig.7 (a) Separation mechanism of positively charged MXene membrane on the surface*”; (b) Separation mechanism of MXene layered membrane!*”

5.2 EkALIE

Xing %5 P10l A5 1E L (1 5% B M (CTS) 1 MXene
4K IR, % 1 CTS-MXene i, ) FH5¢ B b
Il MXene 44K 2 [6] B9 s A0 AR 97, v RS v
JiK 4 1R) B, i CTS-MXene i H A 0.433 nm F4 [ &
JEIAEE, % KIS LT (CR) Gt i 3 58 28 999%,
55 i B35 178.82 L.m >hbar™, X g &5 52 —
4 1 B MoS, 1 J2 | MXene 5 4 )2 18], Il 45
MXene/MoS, &£ &, [F] B} ffi ] FeCl; ¥ MXene/
MoS, & & Bk 17 B & Mk, Hop & e ok
9.8 : 0.2 Y EXT % L iy 52 W5 (CBB) Y4k iYL EE F8
ik 99.2%, [AlIF A R R AR e k. Wikl 8 i
7%, Qiu 2505 5 B BT R (TA) 5 MXene 442k
F 32 BE 15 TA-MXene 5, B J5 F Fe® B 14 A
TA-MXene & 7o 3% 5 XT Bl 75 58T i 8GX (AB8GX) .
B L #5 (MB). WIS (CR). MR 4L (AF). 52
T (CBT), H & (MO) L 2 H JE 5 (MeB) 44 K}
HABIF BB, X RIERLL (CR) Qe ks
ik 98.8% (1) 4% B2 K 1 90.5 L-m2h ™ .bar' {5 %
o MIE T4l MXene B, %M AR KA T R B
KR Fa M, MXene BB HHRIE T B 5 2.

Xing %04 ${ 38 T — il PEI-MXene i, 38 3 i Flj 5
Z % W (PED) K4 F 5 MXene 48K 22 86, il
#% i 1Y PEI-MXene [ 119 )22 ] 8] 5 BB 1% 4 4% 31 0.415~
0.452nm, H:H, PEI 5 MXene it A 1: 1/
PEI-MXene i X B 7K 3 #% 8GX (AB8GX). H %1%
(MO). H %41 80 (DR80) FINI 4T (CR) 45 4L kL 35
FH A S IR AR, B RSN 99.3% .
99.9% F1 99.82%, &% id &t 41 J k282, 266.8 Fll
441.3L-m™>h™"bar", H7F 720 min AYZJE S,
bk i) AR R AN R R TE BRI KOE (599%), i il
Mo S5 1 R R M LI BK M B . Ding 46 1° fii ]
i I HL ) Fe(OH), 44Kk Bkl 5 MXene 40k A E &,
Wil J5 28 B 25 i U8 R R I VR (HCL) b 3 DL Bk 25
Fe(OH); 44 K Wit , M 45 2 B A7 3 2 44 K il 18
i) MXene i . 1ZJETE 0.1 MPa [ #24E R 1 F Xt
SCHVEE YR (EB) (9 B8 223K 31 90%, 1K 1995 i
WHEIAF 1084 L-m>htbar', M, MTELE
JE 7K, MXene JE 2 300 7 09 L BRBETT o Jang
1564 8 T — i TigC,T, 40K F F1 2 — i (EDA)
KRR ] £ Y TigC,T,-EDA B, 2 —ME 5]
AN T TigCyTy 44K i i R T H far , ] &5 14 1)
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Fig.8 Separation mechanism (a) and nanofiltration properties (b) of metal polyphenol MXene membrane'®!
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Fig.9 (a) Schematic diagram of fabricating MXene membranes via slot-die coating™};

(b) Schematic diagram of fabricating MXene membranes via Meyer rod-coating'

59]



+ 2466 -

EEMRER

HOE F R SR b, AT R B 3 500 em?® Y K TR
U MXene i, 7] B3 Ao 42 il AR (], AT DL
[ J5E B 45 1 £E 100 nm~1 pm 22 [8] . i B % 7 v fE
TE 10 min PN il £ KT AR MXene %, i BLpR B,
i MXene f5 A RLBLAL ] A 4R T — AT AT AR AR,
X FP vk 2 B B AR PR . YR H T4
F-0i 43 1 K 1H AL MXene RO FE 3870, T E 588
Rl 28 7 R A E T 22T, JF Kk H ) 2
RS B i, A A R o R Y K T
T MXene i, DL 2 & & MXene B 52 BRI H -
7 H%iE

T4 MXene #OBHEH IR, A B0 25 HR B A
FETEAN T B M, HHEsh 1 B EOR B & B
PR MXene JZ2 R 99 18 B8 (%) AF 5% 38 AR R A RIS £,
RSB EEEN, B mEiGE — L%
P -

(1) MXene 44 K F 1) il 4 . MXene JZ 1R 44 3
JEE R PERE 5 MXene 290K Fr i RS RN L 2 TR
RIMEREWIAEBENLR . HETEHE A
HF A= s vk, T A 1fE I 4% MXene 949K 7 1Y
RSF R/ . SR TEE BE AR R TG . LT
BEORA ) — A3l 1y 2 ik 77 75 R PR 4% MXene 44K
B 25 R R ER AR T

(2) MXene 44k J 5 Atk . )= MXene i /&
WA 15 RN RO RIRM A6, KA ™E
AR . XA AL A ARK PRk, 3
T AR AR L, RE R TG
PhEfg, BHAS T SZhR N H o

(3) MXene JZ AR 9 8 i A AL i 45 o > i A
5E 1 MXene J72 IR 94 U8 J5 K &P 2 52 99 % 58 1) H2s i
IR /SRR i 25, FAE ALl £ MXene 519 B 58 45
L T REXTRE R R Tl A & R, T OB D RE %
FIALAL ] £ MXene JE 9 T 22 A RSB AZEH

(4) MXene ZRAUEFE M PLE K AR E k. B
HI, ASCEE . A ML 388K B 5 AN [R) 4E B2 1) 4 oK
MOBH 2 19 75 ¥ R i 45 1 B A PR K 1Y MXene 2
REIPERL, (HX — M RAE P LA BT T, 1)
o W 9% S 45 4 B F2 8 19 MXene 48 38 B, LA R X
ke Tl o7 b s e AT R R S 2 4 1 AR
Wi,

ST X SE Pk K, {H MXene JZ 4R 94 8 fEAE
AN [R] g H AT e B A N IR By BT Bt . ROk
MXene [ (5 AR & e i N R EAE T R w3

75 0 B A B E M MXene JIE L, DLSZPEE
Mg H . BIH AT IR, #E XT3 EEE
PESR I MXene [, ZKH BE PR o HRm, (HHE
ROEMEAREE, M, 4 MXene B EA m e M,
WMERG F B EEFENE, EEAHEBEE., &
GERE X — ;DRS00 200 7% B A An] 8 45 5 PR A~
T3 THT RS-, B2 3% 3 6k AR E PR A D5 T
KV it T IR AR . £ X I ) MXene IR 7E
Y08 N A AE B O M R RN RS M 1) ) Y
RO A R, ARG BSR40« (1) XF MXene
A8 8w I Y O 1 B 0 I £ ok 9~ VA N N £
I REFE AT 5 MXene KR RREN:; (2) &%
THH AL MXene B A0, S8 Z4EM B &5
TMEER G, A RUR R B IR 2500 £ e
MERaPERE. 4T, WWBARZER | RSP F4e
Y2 8] 2 G AR SC B AR U S ka3, BlE 5
225571, MXene )2 AR 9008 AT AR AR AR H R TR
AN TR A58 52 B Tk vz

S Z 3k

[1] NAEEM A, SAEED B, ALMOHAMADI H, et al. Sustainable
and green membranes for chemical separations: A
review[J]. Separation and Purification Technology, 2024,
336:126271.

[2] PARK H B, KAMCEV J, ROBESON L M, et al. Maximizing
the right stuff: The trade-off between membrane permeab-
ility and selectivity [J]. Science, 2017, 356(6343): eaab0530.

[3] LINQQ,LIUYC, YANG Z M, et al. Construction and ap-
plication of two-dimensional MXene-based membranes
for water treatment: A mini-review[J]. Results in Engineer-
ing, 2022, 15: 100494.

[4] CHEN T, BUTT F S, ZHANG M, et al. Ultra-permeable
zeolitic imidazolate frameworks-intercalated graphene
oxide membranes for unprecedented ultrafast molecular
separation[J]. Chemical Engineering Journal, 2021, 419:
129507.

[5] ZHANGYF, XU Z H, ZHANG T T, et al. Self-assembly of
robust graphene oxide membranes with chirality for highly
stable and selective molecular separation[J]. Journal of
Materials Chemistry A, 2020, 8(33): 16985-16993.

[6] WANGY]J,LILB, WEIYY, et al. Water transport with ultra-
low friction through partially exfoliated G-C3N, nanosheet
membranes with self-supporting spacers[J]. Angewandte
Chemie International Edition, 2017, 56(31): 8974-8980.

[7] XU ZH, ZHANG Y F, XU Y J, et al. Construction of anti-
swelling circuit board-like activated graphene oxide lamel-

lar nanofilms with functionalized heterostructured 2D


https://doi.org/10.1016/j.seppur.2024.126271
https://doi.org/10.1126/science.aab0530
https://doi.org/10.1016/j.rineng.2022.100494
https://doi.org/10.1016/j.rineng.2022.100494
https://doi.org/10.1016/j.rineng.2022.100494
https://doi.org/10.1016/j.cej.2021.129507
https://doi.org/10.1039/D0TA05449F
https://doi.org/10.1039/D0TA05449F
https://doi.org/10.1002/anie.201701288
https://doi.org/10.1002/anie.201701288

RUINE

S T 43 F 0 43 (1 MXene JZ IR 4908 B 1 F 5% 30k R

- 2467 -

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

nanosheets[J]. Separation and Purification Technology,
2023, 313: 123431.

JIN X G, LIANG X K, LIU J H, et al. Development of high
permeability nanofiltration membranes through porous
2D MOF nanosheets[J]. Chemical Engineering Journal,
2023, 471(1): 144566.

2R3, WA, TAERT, 45, ZSM-5 WA 4TI I v il 45 Bt
EhPERERFSE ], LT3R, 2021, 72(10): 5247-5256.

LI Ziyi, PAN Enze, WANG Jiaxuan, et al. Preparation of
ZSM-5 zeolite membrane and its application in desalina-
tion[J]. CIESC Journal, 72(10):
Chinese).

2021, 5247-5256(in
LI W F, YANG Y M, WEBER ] K, et al. Tunable, strain-con-
trolled nanoporous MoS, filter for water desalination[J].
ACS Nano, 2016, 10(2): 1829-1835.

CHEN C, WANG J M, LIU D, et al. Functionalized boron
nitride membranes with ultrafast solvent transport per-
formance for molecular separation[J]. Nature Communi-
cations, 2018, 9(1): 1902.

TR, N, ki, 25 4k MXene 4443 8 55 04 il 45 B 788
PERE (7], BERFE 55K, 2023, 43(5): 20-27.

WANG Bo, SUN Kuo, ZHANG Gang, et al. Fabrication and
separation performance of two-dimensional MZXene
nanochannel membranes[J]. Membrane Science and
Technology, 2023, 43(5): 20-27(in Chinese).

SUN Y, YI F, LI R H, et al. Inorganic-organic hybrid
membrane based on pillararene-intercalated MZXene
nanosheets for efficient water purification[J]. Ange-
wandte Chemie International Edition, 2022, 61(14):
€202200482.

ZHANG J, LI Z S, ZHANG Q, et al. Nanoconfined MXene-
MOF nanolaminate film for molecular removal/collection
and multiple sieving[J]. ACS Applied Materials & Inter-
faces, 2023, 15(13): 17222-17232.

YANG H L, HAN M Q, ZHANG W T, et al. High perform-
ance mixed-dimensional assembled MXene composite
membranes for molecular sieving[J]. Journal of Mem-
brane Science, 2024, 698: 122606.

YI M, WANG M, WANGY, et al. Poly(ionic liquid)-armored
MXene membrane: Interlayer engineering for facilitated
water transport[J]. Angewandte Chemie International
Edition, 2022, 134(27): €202202515.

LIU H K, MU M, GRAHAM N J D, et al. Alkaline-oxidized
MXene composite membrane of ultra high flux and ad-
vanced rejection performance for water purification[]J].
Journal of Membrane Science, 2024, 698: 122604.

FENG C, OU K Q, ZHANG Z P, et al. Dual-layered covalent
organic framework/MXene membranes with short paths

for fast water treatment[J]. Journal of Membrane Science,

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

2022, 658:120761.

WEI Y, ZHANG P, SOOMRO R A, et al. Advances in the
synthesis of 2D MXenes[J]. Advance Materials, 2021,
33(39): 2103148.

KARAHAN H E, GOH K, ZHANG C F, et al. MXene materi-
als for designing advanced separation membranes[J].
Advance Materials, 2020, 32(29): 1906697.

W, AW, AR, SF. TR R R R B MXene FEBLH
RsT iR ], (L THER, 2023, 42(10): 5249-5258.

LI Yanan, NIAN Pei, XU Nan, et al. Research progress of
MXene-based membrane materials for precision fluid
separation[J]. Chemical Industry and Engineering Pro-
gress, 2023, 42(10): 5249-5258(in Chinese).

HAN RL, MAXF, XIE Y L, et al. Preparation of a new 2D
MZXene/PES composite membrane with excellent hydro-
philicity and high flux[J]. RSC Advance, 2017, 7(89): 56204-
56210.

LIZ K, WEIY Y, GAO X, et al. Antibiotics separation with
MZXene membranes based on regularly stacked high-aspect-
ratio nanosheets[J]. Angewandte Chemie International
Edition, 2020, 59(24): 9751-9756.

XIANG J, WANG X M, DING M M, et al. The role of lateral
size of MXene nanosheets in membrane filtration of dye-
ing wastewater: Membrane characteristic and perform-
ance[J]. Chemosphere, 2022, 294: 133728.

SUNY Q, LIS L, ZHUANG Y X, et al. Adjustable interlayer
spacing of ultrathin MXene-derived membranes for ion
rejection[J]. Journal of Membrane Science, 2019, 591:
117350.

LUOHY,XUN, LIY N, et al. Amino acid-bonded Ti;C,Ty
MXene nanofiltration membranes with superior anti-
fouling property for enhanced water purification[J].
Journal of Membrane Science, 2024, 693: 122384.

TAO M J, CHENG S Q, HAN X L, et al. Alignment of MXene
based membranes to enhance water purification[]].
Journal of Membrane Science, 2022, 662: 120965.

ZHANG Y W, CHEN D Y, LI N J, et al. High-performance
and stable two-dimensional MXene-polyethyleneimine
composite  lamellar ~membranes for  molecular
separation[J]. ACS Applied Materials & Interfaces, 2022,
14(8): 10237-10245.

PANDEY R P, RASOOL K, MADHAVAN VE, et al. Ultrahigh-
flux and fouling-resistant membranes based on layered
silver/MXene (Ti;C,T,) nanosheets[J]. Journal of Materi-
als Chemistry A, 2018, 6(8): 3522-3533.

LONG Q W, ZHAO S F, CHEN J X, et al. Self-assembly
enabled nano-intercalation for stable high-performance
MXene membranes[J]. Journal of Membrane Science,

2021, 635: 119464.


https://doi.org/10.1016/j.seppur.2023.123431
https://doi.org/10.11949/0438-1157.20210527
https://doi.org/10.11949/0438-1157.20210527
https://doi.org/10.1021/acsnano.5b05250
https://doi.org/10.1038/s41467-018-04294-6
https://doi.org/10.1038/s41467-018-04294-6
https://doi.org/10.1038/s41467-018-04294-6
https://doi.org/10.1002/anie.202200482
https://doi.org/10.1002/anie.202200482
https://doi.org/10.1016/j.memsci.2024.122606
https://doi.org/10.1016/j.memsci.2024.122606
https://doi.org/10.1016/j.memsci.2024.122606
https://doi.org/10.1002/anie.202202515
https://doi.org/10.1002/anie.202202515
https://doi.org/10.1016/j.memsci.2024.122604
https://doi.org/10.1016/j.memsci.2022.120761
https://doi.org/10.1002/adma.202103148
https://doi.org/10.1002/adma.201906697
https://doi.org/10.1039/C7RA10318B
https://doi.org/10.1002/anie.202002935
https://doi.org/10.1002/anie.202002935
https://doi.org/10.1016/j.chemosphere.2022.133728
https://doi.org/10.1016/j.memsci.2019.117350
https://doi.org/10.1016/j.memsci.2023.122384
https://doi.org/10.1016/j.memsci.2022.120965
https://doi.org/10.1039/C7TA10888E
https://doi.org/10.1039/C7TA10888E
https://doi.org/10.1039/C7TA10888E
https://doi.org/10.1016/j.memsci.2021.119464

EEMRER

modified graphene oxide nanofiltration membrane for
efficient removal of salts and organic molecules[]J]. Jour-

nal of Membrane Science, 2021, 635: 119521.

- 2468 -

[31] DING M M, XU H, CHEN W, et al. Construction of a hier- [42] ZHANG Y, LI S H, HUANG R, et al. Stabilizing MXene-
archical carbon nanotube/MXene membrane with distinct based nanofiltration membrane by forming analogous
fusiform channels for efficient molecular separation[J]. semi-interpenetrating network architecture using flexible
Journal of Materials Chemistry A, 2020, 8(43): 22666-22673. poly(acrylic acid) for effective wastewater treatment[]].

[32] SUNYQ,XUD,LISL, etal. Assembly of multidimensional Journal of Membrane Science, 2022, 648: 120360.
MXene-carbon nanotube ultrathin membranes with an [43] ¥ B8, T, kB, %. 4k MXene LAY S5 7E K AL EH
enhanced anti-swelling property for water purification[J]. AR (1], Z68 8824, 2021, 38(7): 2078-2091.
Journal of Membrane Science, 2021, 623: 119075. ZENG Guangyong, WANG Bin, ZHANG Jun, et al. Construc-

[33] ZHANG S Y, WANG Z, CALM W, et al. Attapulgite nano- tion of two-dimensional MXene membrane and its re-
rods incorporated MXene lamellar membranes for search progress of application in water treatment[J]. Acta
enhanced decontamination of dye wastewater[J]. Nano- Materiae Compositae Sinica, 2021, 38(7): 2078-2091(in
materials, 2022, 12(18): 3094. Chinese).

[(34] EREE, /0T, ZEMEA. FT Z4udr ey W EE AL ANE (7], [44] QU K, HUANG K, XU Z. Recent progress in the design and
fh2f2fit, 2017, 75(3): 271-279. fabrication of MXene-based membranes[J]. Frontiers of
TAN Xiaoyu, YANG Shaoyu, LI Huijie. Epitaxy of Il -nitride Chemical Science and Engineering, 2021, 15: 820-836.
based on two-dimensional materials[J]. Acta Chimica [45] ZHANGP C,ZHANGY ], WANG L, et al. Bioinspired macro-
Sinica, 2017, 75(3): 271-279(in Chinese). cyclic molecule supported two-dimensional lamellar mem-

[35] LIUT,LIUXY, GRAHAM N, et al. Two-dimensional MXene brane with robust interlayer structure for high-efficiency
incorporated graphene oxide composite membrane with nanofiltration[J]. Advanced Science, 2023, 10(5): 2206516.
enhanced water purification performance[J]. Journal of [46] ZHANGHL,ZHENG YL, ZHOU H W, et al. Nanocellulose-
Membrane Science, 2020, 593: 117431. intercalated MXene NF membrane with enhanced swell-

[36] GONG XW, ZHANG G M, DONG H F, et al. Self-assembled ing resistance for highly efficient antibiotics separation[]J].
hierarchical heterogeneous MXene/COF membranes for Separation and Purification Technology, 2023, 305: 122425.
efficient dye separations[J]. Journal of Membrane Science, [47] MENGBC, LIU G Z, MAO Y, et al. Fabrication of surface-
2022, 657: 120667. charged MXene membrane and its application for water

[37] WANGHS, HE Z Z, YANG Q B, et al. Fabrication of 2D/2D desalination[J]. Journal of Membrane Science, 2021, 623:
composite membrane via combining functionalized 119076.

MXene and MoS, nanosheets for dye/salt separation[J]. (48] LIYN,LIUZH, LIS M, et al. Highly permeable and stable
Journal of Environmental Chemical Engineering, 2022, hyperbranched polyethyleneimine crosslinked AgNP@
10(5): 108365. Ti;C,T, MXene membranes for nanofiltration[J]. Journal

[38] SUNYQ,LUJ, LISL, et al. MXene-based membranes in of Membrane Science, 2023, 670: 121376.
water treatment: Current status and future prospects[J]. [49] LIU G Z, GUO Y N, MENG B C, et al. Two-dimensional
Separation and Purification Technology, 2024, 331: 125640. MXene hollow fiber membrane for divalent ions exclusion

[39] LIAO F Q, XU Z H, FAN Z X, et al. Confined assembly of from water[J]. Chinese Journal of Chemical Engineering,
ultrathin dual-functionalized Z-MXene nanosheet inter- 2022, 41: 260-266.
calated GO nanofilms with controlled structure for size- [50] TIWARY S K, SINGH M, LIKHI F H, et al. Self-cross-linking
selective permeation[J]. Journal of Materials Chemistry A, of MXene-intercalated graphene oxide membranes with
2021, 9(20): 12236-12243. antiswelling properties for dye and salt rejection[J]. ACS

[40]  TREE, VR, d 38, 2. HiAR IR A A SR / R A &l Environmental Au, 2024, 4(2): 69-79.

TEREH A B LR (7], 4k T 244, 2019, 70(9): 3565-3572, [51] XING C, LIU L F, GUO X, et al. Efficient water purification

3621. using stabilized MXene nanofiltration membrane with

XU Yanjun, XU Zehai, MENG Qin, et al. Preparation of per- controlled interlayer spacings[J]. Separation and Purifica-

formance of novel rGO/CN composite nanofiltration mem- tion Technology, 2023, 317: 123774.

brane[J]. CIESC Journal, 2019, 70(9): 3565-3572, 3621(in [52] X, #5640, 2208, 45, AL MXene/MoS, & A5 EEHk

Chinese). BURE KR e PSSR LR B 5 (7] Jb st TR 2A 2441, 2024,
[41] LIY, ZHANG X, YANG A, et al. Polyphenol etched ZIF-8 44(2): 210-218.

LIU Ting, CAI Weiyi, LI Yao, et al. Micro-oxidized
MXene/MoS, composite membrane with superior stability

for efficient water purification [J]. Journal of Beijing Insti-


https://doi.org/10.1039/D0TA07354G
https://doi.org/10.1016/j.memsci.2021.119075
https://doi.org/10.3390/nano12183094
https://doi.org/10.3390/nano12183094
https://doi.org/10.6023/A16100552
https://doi.org/10.6023/A16100552
https://doi.org/10.6023/A16100552
https://doi.org/10.1016/j.memsci.2019.117431
https://doi.org/10.1016/j.memsci.2019.117431
https://doi.org/10.1016/j.memsci.2022.120667
https://doi.org/10.1016/j.jece.2022.108365
https://doi.org/10.1016/j.seppur.2023.125640
https://doi.org/10.1039/D1TA01514A
https://doi.org/10.1016/j.memsci.2021.119521
https://doi.org/10.1016/j.memsci.2021.119521
https://doi.org/10.1016/j.memsci.2021.119521
https://doi.org/10.1016/j.memsci.2022.120360
https://doi.org/10.1007/s11705-020-1997-7
https://doi.org/10.1007/s11705-020-1997-7
https://doi.org/10.1016/j.seppur.2022.122425
https://doi.org/10.1016/j.memsci.2021.119076
https://doi.org/10.1016/j.memsci.2023.121376
https://doi.org/10.1016/j.memsci.2023.121376
https://doi.org/10.1016/j.cjche.2021.09.022
https://doi.org/10.1021/acsenvironau.3c00059
https://doi.org/10.1021/acsenvironau.3c00059
https://doi.org/10.1016/j.seppur.2023.123774
https://doi.org/10.1016/j.seppur.2023.123774
https://doi.org/10.1016/j.seppur.2023.123774

X 2R A T ) 43 07 43 9 MXene 2R 24 U8 1R 4 F 5T E TR

- 2469 -

tute of Technology, 2024, 44(2): 210-218(in Chinese).

(53] QIU M, SHEN Z F, XIA Q N, et al. Metal-polyphenol cross-
linked titanium carbide membranes with stable interlayer
spacing for efficient wastewater treatment[J]. Journal of
Colloid and Interface Science, 2022, 628: 649-659.

[54] XING C, ZHANG Y T, HUANG R, et al. Anti-swelling poly- (58]
ethyleneimine-modified MXene nanofiltration mem-
branes for efficient and selective molecular separation[J].

EcoMat, 2023, 5(3): €12300.

[55] DING L, WEI Y Y, WANG Y J, et al. A two-dimensional
lamellar membrane: MXene nanosheet stacks[J]. Ange- [59]
wandte Chemie International Edition, 2017, 56(7): 1825-

1829.

[56] JANG J, KANG Y, JANG K, et al. Ti;C,T,-ethylenediamine
nanofiltration membrane for high rejection of heavy (60]
metals[J]. Chemical Engineering Journal, 2022, 437:

135297.

[57]  EFRGE, WBOY, RFHE, . BHA MXene “4EZIRIFEXT E

SEE TR (7], BRl2E 54K, 2022, 42(1): 57-64, 71.
WANG Saidi, FAN Yiyi, MENG Xiuxia, et al. Removal of
heavy metal ions by hydroxylated MXene membranes[]].
Membrane Science and Technology, 2022, 42(1): 57-64,
71(in Chinese).

KIM J H, PARK G S, KIM Y J, et al. Large-area Ti3C,T,-
MXene coating: Toward industrial-scale fabrication and
molecular separation[J]. ACS Nano, 2021, 15(5): 8860-
8869.

LIH, LIU HQ, SHICR, et al. Roll-to-roll fabricating MXene
membranes with ordered interlayer distances for molecule
and ion separation[J]. Advanced Materials Interfaces,
2023, 10(21): 2300301.

DENGJ]J,LUZ, DINGL, et al. Fast electrophoretic prepara-
tion of large-area two-dimensional titanium carbide mem-
branes for ion sieving[J]. Chemical Engineering Journal,

2021, 408: 127806.


https://doi.org/10.1016/j.jcis.2022.08.092
https://doi.org/10.1016/j.jcis.2022.08.092
https://doi.org/10.1002/eom2.12300
https://doi.org/10.1002/anie.201609306
https://doi.org/10.1002/anie.201609306
https://doi.org/10.1016/j.cej.2022.135297
https://doi.org/10.1021/acsnano.1c01448
https://doi.org/10.1002/admi.202300301
https://doi.org/10.1016/j.cej.2020.127806

	1 MXene材料
	2 MXene层状纳滤膜的分类
	2.1 单一组分MXene层状纳滤膜
	2.2 MXene层状复合纳滤膜
	2.2.1 层间有机分子交联
	2.2.2 零维层间复合材料
	2.2.3 一维层间复合材料
	2.2.4 二维层间复合材料


	3 MXene层状纳滤膜的分离机制
	3.1 孔径筛分
	3.2 静电排斥
	3.3 吸附作用

	4 MXene层状纳滤膜的抗溶胀策略
	5 MXene层状纳滤膜的应用
	5.1 海水淡化
	5.2 废水处理

	6 MXene膜的规模化制备
	7 结 语
	参考文献

