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Abstract

Compared to other oriented molecular sieve membranes, b-axis oriented MFI molecular sieve mem-
branes exhibit shorter transport distances and lower mass transfer resistance. Two-dimensional
MFI nanosheets, characterized by nanoscale thickness and large lateral dimensions, serve as ideal
building blocks for constructing b-axis-oriented MFI molecular sieve membranes, representing a
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key development direction for next-generation high-performance separation membranes. This re-
view summarizes preparation methods, assembly strategies, and secondary growth techniques for
regulating the structure of Two-dimensional MFI nanosheets and repairing grain boundary defects.
It also addresses challenges in scaling up production for practical applications and outlines future
development prospects.
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BhA o TR — IS EAA B FLIE £ 4 1 45 SRR AR IR Eh AR . DL B i MfLIE 450 . nTR 1L
PR DA K RAF e v, TRs] T SRR 2 R AN SO [2]. HAT, WA T A Az M
T o AT R il 2SR, 7 — RIS AMF AT I T E X% J1(3]-[5]. MFI 24 A
Sy TR RPN A B S 10 R M = 4 B @ AL, W 1 R, AT T a-c PRI IESZFLIE
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Figure 1. Topology of MFI zeolite molecular sieves [6]
B 1. MFI 2% 8 5 F iR 0]

MFIL 99K R RIT A 0 — JSH AR AR}, il e R R TR K —4ETh AL —[11],
Y MFL 90K 7 A R, SONMSERAR MFL A RS TC. & Rl 2 R3S, Bk, HAR
JURTIEASBERS B ARIE I b BRI AR, iR EALIETE BT 8ARE, o et dt A, aadet 1
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JEBE5E TR IER12]. BJa, 5 MFI S RAHEL, MFET 99K 5 R IR RS, BE 5 208/ 52 A i 5
BRI R . T BRI AL, DA 4 MFT 99K A PE SR e, @il e 2 5 A Kb
il #& i VERE b HUR) MFL 2) TR, A U = i S R 78 07 [ 2 — o A3 MFL 99K i R SR TGk R
I TERER MFL I, RoCA/E TR T BUEIIZUK R M2, JRRRS I AR AR gK
FrRb S, TERRARE I . AN gk H N S 4k MFT 48K RS b BhEL A MFL 2 7RI, &
BNE T 4 MFLGOK A 186 500 2SR R A Ky B b SR MFT 2 TR SR o 35
PRUL T b HELR MFI 3T I Tl A BOCE R TG 1 BkiR, o HoRoR R R s k4T T /R .

—HE MFI K B9HI & 755%

WA R e T2 2 i 22 e, BRI BB LA IS RE L 8 ) RO IR TIOK 24 1) — 4 MFL 44K Jv
ORISR e o T 73 = B AT 7 LT = I AT e SO = I ST TR NS S| @ 1B U I = N N7 S S TR = RN
ME, Jefl—MEAZRGEM WA TTIRA, b5 (BB il 2 T B R 2 RE 77, ki
BN B BIEE 0K e 2009 4, Ryoo 55 A e it th — Flonl R fe £5 2 T M 77 (32 22 e KB It
TR LR ), RINSEI T ML-MFI HI] % [13]. 2011 4, Tsapatsis 25 A\ ML-MFI 5 %2 2.4
(PS)HEA, BEEAHR GV ATIRRILRIRE, RASHML-MFI #&[12], kb, @i ARk &
) MFL 4K B & KRR G U AR R B IR, X P USR] T J5 S8 i ok A B ) % . B
Tsapatsis 25 A\ X 24K 7354725 BERA 5 B8 0 (DGC) AL HE, 1% — R/ E AN AE s 25 B B v bt B SRR 204,
I RERE R ES 1) MFL 492K 538K 1 AR R B9 RN R0 25141 RBEAR 2 MFL 9K, HMALPAER
PLE5# F F7RI(OSDA). AN £ER OSDA, BLIGIZERAZAK v FAE > 7. mrilBoe & 22 fk OSDA
0 R 5%, BB FE P RE 2 3 MFL 90K i i 2 2 MR AR i, 460K 5 80 ML-MFI 13 59 2%
. 2016 5, Zhang %5 A\ KH piranha ¥ A AR ILIRFIES 1 MFL 99K/, Bk 7 OSDA, 3k
TAEK Bk B4 B IS MFIL 99K F[15]. 2017 4E, Sabnis 25 MK R A7 i SR 44 73 BOLE 68 F) g
PR T ZIGMHTPBYH, HHTH B BT VB0 75 AL BE, SEIL T R A AT SRR Y s D B[ 16] . S5 S IIRT 5T
BRI BSINERAT 1 ok, SRELCT BABORRE W RSP MFL 492K . 2021 45, Rehman 58 ANl 5 20
M BE R (PVP)E R B 70 AT 23 BGR), Ehs ML-MFT S48 fhtt 1) RT3 MFT 992K Fr[17].

B Z) i MFL @A 4 MFL 99K 7 [RIAEJ8 T 3 B i R 757, 2020 45, Liu & Al H P 7

FEE M (TPAOH) AW, XIHEAIR MFL Sa AT & a) e R 200, 28 7 2909 12 /> a5 BE 1) MFI
9K (18] EﬁﬁﬁﬁmlzﬁT kF Liu 5 NBFFE 7 A [RIBEAE Z) TR0 MFT defd ik, FE5FEE T

il % B MFI 92K oW 235197 XA E R BRIBS TR AL PG, B RCRE AN AR
uhﬁ,m@%ﬁiwﬁ%m%*ﬁc
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Figure 2. Schematic of MFI nanoplate preparation via alkaline etching of MFI crystals [18]
B 2. BRI MFI @i Hl & MFI 40K R R EE (18]

B T2 i B Ol R B ) B B E AT B MIFT 402K s 32 24 i) 46 — 4k MIFT 982K o 0
HEBMHNE . HAZ 08 G T W B A XU R A DU, a8 1 5 AR ) 1 i /K B BE RSk
SKAELZERY, REHEEEGR BB JE R R~ . 2017 4F, Jeon %5 A LL bis-1,5(tripropyl ammonium)
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pentamethylene diiodide ({&FK dCS)YEAAEMRF, BEHZERERAMMHAR . JEER 2.5 M MFL 99K
(2010 EAETE TR AR B, A SO T MFL 90K U ARl . 2018 4F, Kim %A
[FIFERH dC5 BHEG  MFL 40K fr, IFENY C A A A (TEAOH) BV ik il it A e ARG, K75 1 R
2924 300 nm FYHL ) MFI A [21]. 2022 4F, Kim 58 Aol AR dCS (24 MFL @fp A, AR 31351
MFI 49K fr, B G R Se ok i i atalifth, WRA S P9k e, SRJGAE dCS-TEVE IR kAT
IKPAL TR, R ZFRAE T B A T BRI A H MFI 49K 1 [22]. BARRARME 3 Bin. BE#ESREN
FAAE— LG8yl . — 7T, ELAEE AT BT — R TR ZR OB I B A s B S A%, ARt LR
e 7T, JE SRR R A B SRR Ak 2 A R, e BRI AR R, (R EE EE A RS R
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Figure 3. Schematic diagram of direct synthesis method for preparing zeolite MFI nanosheets [22]

B 3. EEARERIERA MFL QKRR REE(22]

3. Y4k MFI 44K BY4E 25 SR rg

2% b BhH ) MFI 430 5 10 22 1) SCBa DR R R AE Bk BZHARBUR I b HUm) MFI &Rl sl gk it
FUZ . MFL @bl & BB RIE L2, W LA BERTE . BIREE . BB IRMNERA - Wt B 4555
[23]-[26]. KT MFI @ 2a 2% 5%, X AN FROVEAR 00 . A SCHE S/ 28 MFL 40K Fr (4 e sems, 3L
FE ONFIRY, BN R RV S Ak i R SO B s Sl B vE R, R RN
(1) MFI 99K Fr 4125 07725 107 VE IR OAE TR B4 B U8, 38 MFT 99K B 3 BOR0E i 2 AL AT
HEE, HEHARAREZEEES . M. 2013 4, Tsapatsis 25 A\ K R 4040 J5 19 MFI 992K /i
i yERE NI, PIRRE oS EREUE b, BB T — AR R JEEEY 80 nm [ b HliHLA] MFI #
JE[14]. 2015 4, Varoon %¢ NAE73 7 #E Stober M £ B — ARSI b AN R HL I 5 P2 RS 3 1928 1) A 0
MREF ek b, SR IR B3R5 T KA1 MFL 9K 41582 [27]. 2019 45, Min 28 BT B2 48h
g, AR a-F A EE T S R YRR B S T AT 4E MFT 9K B 21 2%(28]. AR, BT IEAT
R, EOGER T 28k, FF HAZBARME LS B2 40k 1 5 4 51 425

- WS E AR O AE TR A S AR — AN ERAR Y (KRB R 4 T IR . 34 BeH
TYE MFL 4Ky 1 2 v R AE 2 S D L, A2 SRR sk A3 1T FH D B 3REN T, 400K 2 B R 15
SPEIIER RS, ST RS A TR Z e R S, X R R A b A 2 A A
R b, BIRTERIRTE BAK TR . 2015 4F, Rangnekar 28 A\ ¥ MFT 992K Fr B35 0 B0E 2585 - K
Fti, 12 Langmuir-Schaefer (LS)HAR, 8L ZZ TR T7 20 MFL 90k v 136 RRE R b, 3R1G T MG
BB BRI FLZIR)ZE[29]. 2018 4, Kim 55 AR 17— P& S8 SR sl R 1R )2 77 i (floating particle
coating method), MFI 4K v B EFE 2R - KA AL TE R, B RS oK S8 HEH, ETRFLENZ FLEA L
A T R EHER ) MFL 90K 52301, HARERIEWIE 4 Fos. 54b, W3R % (slip coating method)
J& T MR A - WO H AR EOR, ERERS AR S A T I MFL 9K R 2 20, HAZGAE Tl
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F 1 s 48 SR P B E T HES BRI I 37 SR L e B RS . 2022 45, Saulat S8 HEIE H R L
WINEEALG T MFL 90K 7, BEJa RN ShR IR p- Ak Ll 7 MFL 90K 4382310,
BRI B ABGERE W RAGHAR 2, (Hih TH L ZR 0 R HsoA R &, b 8 2 R
Zl, ARG, MECLSCOUBAL N o

Figure 4. Schematic of MFI nanoplate monolayer preparation via floating particle coating method [30]

4. BFHNFRLR B EH & MFL KA B R REE(30]

4. MFI YK FEE BN R E KK

il 4 b FELE MFL 730 53— AN GBI 3 2% 1) ML A 5 2 Bl oK AR 2 kAT =k
A, EPH MFI 2 8] I FEE B f A Ek MFT 9K R B 2 2 T AR B M TE . 2125 (1) MFT &b Fh il
£ MFL 7 T i b 2, WA ALK G BOE . KR IR AR T B #aE . el
TRAERKIE R E AR A [32]-[36] . [FIREHE, X BT ML @FP i IR AEKIEA T 2 E. B, X
F MFT 92K A 920 285 S0 8 A /KR R AR Ky TR I IR A KV R B ki o KA A K
AR S E 2 LR RN S PUR — Z W A 90K & Fh =, Bl SR R N B A G O 75 JEUR R
BRUR S BERGR . A BV R, A PN S R it I — 8 R S R I ORISR, TSR A
LA ROARZAME A K A TR — 2 IE 80 . R A A R . 2019 45, Min 28 AEMRRA o5
TR s AR ek B T 4 MFL 90K S M2, 185 T 07K A B 288Ctt PA 2 W0 2 B AN A K 2 Bk
PRI b B 1) MFL 2> T 0fi86, BT T e s A A 2 0t 5 1) 7 0 2 PR e [ 28] B AR an 14
5 Fizne 2022 4F, Saulat 55 NIEEAEK R ZRAERKIBRTERINERER L, £ - aig bl TRE R
630 nm (1) MFI i, JRE T8 T bt ik . B iR s A CH B TR FFG K 7 2 b SR, e8]
PLUE™T MFI L JERE[31]. 2025 4, Banihashemi 55 Nl B 25 JEAE AN EE AN AR 20 3E TR MFI 442K
Frs BRIG KR AR KA & T FE R S AR e BV Y b Bl E A MFL 23195 [ 37] . B 5 » Banihashemi
LN, X E T A AR O AOK A IR AE IR A A b FER A MFL 20 705 5, 5 A BARBAR LG, oK
P AERKIE G B b BEUR MFL 2 Tl R 2 B PR A B R, (RFE W RGEVE T mr iy, FEPERR A R K
PUae S IR[38] 0 AKFA T IRAR ELARTE S0 2 U B A5 4 e BRI M, Jd i K # AR ) % TS AR AT R 1
KRB A BRERME . RO IX 75 ZORE 3 K SR KR P 1A AFIAR i, HOK AR 7= 1 AR B i

i.  MFI nanosheets ii. (TPA+F) Secondary iii. (TEA) Tertiary
coating growth growth

Figure 5. Schematic diagram of b-axis oriented MFI molecular sieve membrane prepared via two-step hydrothermal secondary
growth [28]
& 5. FERAKIHRTIRE KT b HEUE ) MFL 2 F iR RS E [ 28]
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TEBERR R A K — R K R AR IR T2y 5, R A S . T A IR AR LR
Keilit, LAl a5 HshBE s D m BRI A . 2015 4, Varoon 25 AHRIE T — Rk MFT 9K b 5 0k —
ARG R T, & b IR MFL B4 -0 5, 2500 — FE R T e 53 R (AR 300 HE s ek 38 4
BIEEE[27]. 2018 4F, Kim S5 @R KT IR Z AL 2 L SRR A F3RAE T B2 R MFI 40K
FE, ST IO R A K& T b B ) MFT 24 0y 7R, 2B IR 40 3 v R I
G RE[30]. ToBEE K AERAUE T AR IR, BT H SRR A i R, B A e
FUBALTBOR A 7= i) 4% (0 K TR K MFT 23 T . Ak, 56 MFT 40K A (1 G — U AR K AL o G
WdRiE .. EAR MFI 2 70 BEAE A K R R LB 7 O =+ 248, (2 H RN 76 BB sy LB 3 2
LI5S A A A B A, (BT b FlE R MFT 43157 5 O T SOV LER 22 4 1 72 WA D 5 148 o

R M BEAE N — PR, TEADRLG e e I S e v R DA R i s v A R A
P B I PG R, AR IRAR R 1), T R E AR AT, THER T AR SR I F e e DLIEE e )i
FERRRE, 15 MR 2 % L RINHE B B AR . 2020 48, Liu 258 A0 5h 23/ 707 i 4 B B 4128805
BRI, 43 B SEIL T G0k A BB 2 DURURI AN E A K, ) 4% (VB 8 b Rl E 1) FY) MIFT 431 i B P B0
HAR S PR e 1A T e AL R A B MERE[19]

Xl g e RE ) b BEX A (1) MFT B4 431 JEE I 5, AN B SR 4L 3 SR AT — AR Kk o AU 40 B
PEREF A RO, SRR THREDRE 5 LA B k5 1 S P A 2 K A DU T )R A1 2 07 S P i 39 [40] 0 1
XU, DLAE BRI AT R T B AR R T AR T SO AT T IR R [27] (371

T XA AL b LA ) MFL 4310 B ) e 4

Table 1. Summary of MFI nanoplate preparation methods, assembly strategies, secondary growth techniques, and gas separa-
tion by membranes in the text

T 1. P EBST MFLAERAHIE A, BRER. DREKENREBESBNSEFNEE

MEL Supports  Assembly strategy Secondary growth Gas Permeance Separation

References

Nanosheets method separation factor
. Hydrothermal .
Top-down Vacuum assisted Xylene 4x107
method o-ALO; filtration secon;llig OgéOWth isomers mol'm2s!-Pa’! 2543 [14]
. 3.5%x1077
Top-down PBI Vacuum gss1sted . Butane mol-m2-s1-Pa-! 54 [15]
method filtration isomers (~1000 GPU)
Top-down Vacuum assisted Gel-less secondary ~ Xylene 5.1 x1077
method ~ OOF Supports filtration growth isomers mol'm2s7!-Pa’! 30 [27]
Bottom-up stainless steel Vacuum assisted Hydrothermal Xylene 2.52x 1077
. secondary growth . 5 o1 388 [37]
method supports filtration method isomers mol-m?-s”'-Pa
. . Hydrothermal
Bottom-up  Alumina  Vacuum assisted Butane
method  hollow fibers filtration secon;llig OgéOWth isomers 382£100GPU - 424 (28]
Gas-Liquid -
Bottom-up SSF supports Interface Assembly Gel-less secondary Butane 3.32 12 . 69 [30]
method Method growth isomers mol-m*-s!-Pa
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—Xfth. FE 6 RT3 1 HR - I EAZER) MFI 2 TR R 1 — F 2K SR AR (13838 38 & A 43 B 1R 1Bl iR
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Figure 6. Relationship between permeance and separation factor of xylene isomers with temperature variation [30]
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5. SRS RE

T4k MFT 9K R S8 i B 1) 4 A48 DU I B U R MES R, RES SR R R H 2 b b
B b A . I SR, SRk IS T SR A6 G il A IR K AP AE I IR BRE - mE s B
We. REHERTCARINE M T B b MEUE A MFL A, 3 Az A R g 7 BI85 B AL
PERE. SR, MSEIG =B U ) KR TA R, X — I R AT A7AE 2 iR AR B A% OBk R . 4 AT
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JE1H . B, B MFLGUK R G40 S, A seBUICRRAS s 5 IR AU (0 KB 2%, 4523
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] ESHRERA AR BEUE TZ BRI OPkiE. FONEGPK A Sl fEd, 255 K R aEE#
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BRAS, AN ROEA I RO B BRAN B dCS BEARGRI, HEB MFI 90K B R RAS . AT BUASEAL i 45 1)
J5 100 R JB[22] . B 708 AN WA AN BIIRZR 5 1 5 2 A AT RS A 0 T Ak T 25 015 92 mT ik MG T R R4 8L
FIR R PERE WA B [41] [42]. IXEEHRZ IS A EA MFL @& MFL 99K F il %% it Re s b Sl a)
MFI B4 53 P od i v o 73R T Ak, 2 47 e B AR EAA TN 2 AL MR S V3 R S A A
s, WA CEYREUE e LA VRS, JERILE T ERIR M J1[15] 28], — BAE LR HIELL
il 7 IS RGVERNE, B b A MERCKE B BLR 5T 0% 50K B2 1 MFL 36 A 5, A S AE S
P53 B FIBE /K 43 B Re U AL TR G U SL S AL R, M Ak Bk R RE IR 2 B ok ik SR p it
OB SCHE

SE

[1] Wang, S. and Peng, Y. (2010) Natural Zeolites as Effective Adsorbents in Water and Wastewater Treatment. Chemical
Engineering Journal, 156, 11-24. https://doi.org/10.1016/j.cej.2009.10.029

[2] Jae, J., Tompsett, G.A., Foster, A.J., Hammond, K.D., Auerbach, S.M., Lobo, R.F., ef al. (2011) Investigation into the

DOI: 10.12677/ms.2026.163050 49 PR R


https://doi.org/10.12677/ms.2026.163050
https://doi.org/10.1016/j.cej.2009.10.029

Rt

(4]

(3]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Shape Selectivity of Zeolite Catalysts for Biomass Conversion. Journal of Catalysis, 279, 257-268.
https://doi.org/10.1016/j.jcat.2011.01.019

Zhou, Z., Wang, X., Yu, R,, Jiang, R., Gao, Y., Chen, X., et al. (2023) Synthesis of B-Axis Oriented ZSM-5 Zeolite by
Mechanochemical-Assisted Quasi-Solvent-Free Method and Its MTO Catalytic Performance. Advanced Powder Tech-
nology, 34, Article ID: 103930. https://doi.org/10.1016/j.apt.2022.103930

Kosinov, N., Gascon, J., Kapteijn, F. and Hensen, E.J.M. (2016) Recent Developments in Zeolite Membranes for Gas
Separation. Journal of Membrane Science, 499, 65-79. https://doi.org/10.1016/j.memsci.2015.10.049

Zhao, J., Luo, T., Zhang, X., Lei, Y., Gong, K. and Yan, Y. (2012) Highly Selective Zeolite Membranes as Explosive
Preconcentrators. Analytical Chemistry, 84, 6303-6307. https://doi.org/10.1021/ac301359j

Lai, Z., Tsapatsis, M. and Nicolich, J.P. (2004) Siliceous ZSM-5 Membranes by Secondary Growth of b-Oriented Seed
Layers. Advanced Functional Materials, 14, 716-729. https://doi.org/10.1002/adfm.200400040

Wang, X., Karakilig, P., Liu, X., Shan, M., Nijmeijer, A., Winnubst, L., et al. (2018) One-Pot Synthesis of High-Flux b-
Oriented MFI Zeolite Membranes for Xe Recovery. ACS Applied Materials & Interfaces, 10, 33574-33580.
https://doi.org/10.1021/acsami.8b12613

Banihashemi, F. and Lin, J.Y.S. (2022) B-Oriented MFI Zeolite Membranes for Xylene Isomer Separation—Effect of
Xylene Activity on Separation Performance. Journal of Membrane Science, 652, Article ID: 120492.
https://doi.org/10.1016/j.memsci.2022.120492

Zhou, H., Korelskiy, D., Sjoberg, E. and Hedlund, J. (2014) Ultrathin Hydrophobic MFI Membranes. Microporous and
Mesoporous Materials, 192, 76-81. https://doi.org/10.1016/j.micromeso0.2013.09.017

Zhou, M., Korelskiy, D., Ye, P., Grahn, M. and Hedlund, J. (2014) A Uniformly Oriented MFI Membrane for Improved
Coz Separation. Angewandte Chemie, 126, 3560-3563. https://doi.org/10.1002/ange.201311324

Zhang, J., Ren, L., Zhang, A., Guo, X. and Song, C. (2024) MFI Nanosheets: A Rising Star in Zeolite Materials. Materials
Chemistry Frontiers, 8, 595-602. https://doi.org/10.1039/d3gm00991b

Varoon Agrawal, K., Zhang, X., Elyassi, B., Brewer, D.D., Gettel, M., Kumar, S., et al. (2011) Dispersible Exfoliated
Zeolite Nanosheets and Their Application as a Selective Membrane. Science, 334, 72-75.
https://doi.org/10.1126/science.1208891

Choi, M., Na, K., Kim, J., Sakamoto, Y., Terasaki, O. and Ryoo, R. (2009) Stable Single-Unit-Cell Nanosheets of Zeolite
MFT as Active and Long-Lived Catalysts. Nature, 461, 246-249. https://doi.org/10.1038/nature08288

Agrawal, K.V., Topuz, B., Jiang, Z., Nguenkam, K., Elyassi, B., Francis, L.F., et al. (2013) Solution-Processable Exfo-
liated Zeolite Nanosheets Purified by Density Gradient Centrifugation. AIChE Journal, 59, 3458-3467.
https://doi.org/10.1002/aic.14099

Zhang, H., Xiao, Q., Guo, X., Li, N., Kumar, P., Rangnekar, N., et al. (2016) Open-Pore Two-Dimensional MFI Zeolite
Nanosheets for the Fabrication of Hydrocarbon-Isomer-Selective Membranes on Porous Polymer Supports. Angewandte
Chemie International Edition, 55, 7184-7187. https://doi.org/10.1002/anie.201601135

Sabnis, S., Tanna, V.A., Li, C., Zhu, J., Vattipalli, V., Nonnenmann, S.S., ef al. (2017) Exfoliation of Two-Dimensional
Zeolites in Liquid Polybutadienes. Chemical Communications, 53, 7011-7014. https://doi.org/10.1039/c7¢cc03256k

Rehman, A.u., Arepalli, D., Alam, S.F., Kim, M., Choi, J. and Cho, C.H. (2021) Two-Dimensional MFI Zeolite
Nanosheets Exfoliated by Surfactant Assisted Solution Process. Nanomaterials, 11, Article 2327.
https://doi.org/10.3390/nano11092327

Liu, Y., Qiang, W., Ji, T., Zhang, M., Li, M., Lu, J., ef al. (2020) Uniform Hierarchical MFI Nanosheets Prepared via
Anisotropic Etching for Solution-Based Sub-100-nm-Thick Oriented MFI Layer Fabrication. Science Advances, 6,
eaay5993. https://doi.org/10.1126/sciadv.aay5993

Liu, Y., Ji, T., Zhou, T., Lu, J., Li, H. and Liu, Y. (2021) Preparation of MFI Nanosheets with Distinctive Microstructures
via Facile Alkaline Etching. Industrial & Engineering Chemistry Research, 60, 16296-16303.
https://doi.org/10.1021/acs.iecr.1¢03634

Jeon, M.Y., Kim, D., Kumar, P., Lee, P.S., Rangnekar, N., Bai, P., et al. (2017) Ultra-Selective High-Flux Membranes
from Directly Synthesized Zeolite Nanosheets. Nature, 543, 690-694. https://doi.org/10.1038/nature21421

Kim, D., Shete, M. and Tsapatsis, M. (2018) Large-grain, Oriented, and Thin Zeolite MFI Films from Directly Synthe-
sized Nanosheet Coatings. Chemistry of Materials, 30, 3545-3551. https://doi.org/10.1021/acs.chemmater.8b01346

Kim, D., Ghosh, S., Akter, N., Kraetz, A., Duan, X., Gwak, G., ef al. (2022) Twin-Free, Directly Synthesized MFI
Nanosheets with Improved Thickness Uniformity and Their Use in Membrane Fabrication. Science Advances, 8,
eabm8162. https://doi.org/10.1126/sciadv.abm8162

Pham, T.C.T., Kim, H.S. and Yoon, K.B. (2011) Growth of Uniformly Oriented Silica MFI and BEA Zeolite Films on
Substrates. Science, 334, 1533-1538. https://doi.org/10.1126/science.1212472

DOI: 10.12677/ms.2026.163050 50 PR R


https://doi.org/10.12677/ms.2026.163050
https://doi.org/10.1016/j.jcat.2011.01.019
https://doi.org/10.1016/j.apt.2022.103930
https://doi.org/10.1016/j.memsci.2015.10.049
https://doi.org/10.1021/ac301359j
https://doi.org/10.1002/adfm.200400040
https://doi.org/10.1021/acsami.8b12613
https://doi.org/10.1016/j.memsci.2022.120492
https://doi.org/10.1016/j.micromeso.2013.09.017
https://doi.org/10.1002/ange.201311324
https://doi.org/10.1039/d3qm00991b
https://doi.org/10.1126/science.1208891
https://doi.org/10.1038/nature08288
https://doi.org/10.1002/aic.14099
https://doi.org/10.1002/anie.201601135
https://doi.org/10.1039/c7cc03256k
https://doi.org/10.3390/nano11092327
https://doi.org/10.1126/sciadv.aay5993
https://doi.org/10.1021/acs.iecr.1c03634
https://doi.org/10.1038/nature21421
https://doi.org/10.1021/acs.chemmater.8b01346
https://doi.org/10.1126/sciadv.abm8162
https://doi.org/10.1126/science.1212472

Rt

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Wang, Q., Wu, A., Zhong, S., Wang, B. and Zhou, R. (2017) Highly (#04)-Oriented Silicalite-1 Membranes for Butane
Isomer Separation. Journal of Membrane Science, 540, 50-59. https://doi.org/10.1016/j.memsci.2017.06.009

Dinger, E., Kalipgilar, H. and Culfaz, A. (2008) Synthesis of ZSM-5-Type Zeolite Membranes on Porous Disks Loaded
with Different Amounts of Seed. Industrial & Engineering Chemistry Research, 47, 4743-4749.
https://doi.org/10.1021/ie0715411

Wang, Z., Wee, L.H., Mihailova, B., Edler, K.J. and Doyle, A.M. (2007) Langmuir-Blodgett Deposited Monolayers of
Silicalite-1 Seeds for Secondary Growth of Continuous Zeolite Films. Chemistry of Materials, 19, 5806-5808.
https://doi.org/10.1021/cm0716856

Agrawal, K.V., Topuz, B., Pham, T.C.T., Nguyen, T.H., Sauer, N., Rangnekar, N., ef al. (2015) Oriented MFI Mem-
branes by Gel-Less Secondary Growth of Sub-100 nm MFI-Nanosheet Seed Layers. Advanced Materials, 27, 3243-3249.
https://doi.org/10.1002/adma.201405893

Min, B., Yang, S., Korde, A., Kwon, Y.H., Jones, C.W. and Nair, S. (2019) Continuous Zeolite MFI Membranes Fabri-
cated from 2D MFI Nanosheets on Ceramic Hollow Fibers. Angewandte Chemie International Edition, 58, 8201-8205.
https://doi.org/10.1002/anie.201903554

Rangnekar, N., Shete, M., Agrawal, K.V., Topuz, B., Kumar, P., Guo, Q., ef al. (2015) 2D Zeolite Coatings: Langmuir-
Schaefer Deposition of 3 nm Thick MFI Zeolite Nanosheets. Angewandte Chemie International Edition, 54, 6571-6575.
https://doi.org/10.1002/anie.201411791

Kim, D., Jeon, M.Y., Stottrup, B.L. and Tsapatsis, M. (2017) Para-Xylene Ultra-Selective Zeolite MFI Membranes
Fabricated from Nanosheet Monolayers at the Air-Water Interface. Angewandte Chemie, 130, 489-494.
https://doi.org/10.1002/ange.201708835

Saulat, H., Song, W., Yang, J., Yan, T., He, G. and Tsapatsis, M. (2022) Fabrication of B-Oriented MFI Membranes
from MFI Nanosheet Layers by Ammonium Sulfate Modifier for the Separation of Butane Isomers. Journal of Membrane
Science, 658, Article ID: 120749. https://doi.org/10.1016/j.memsci.2022.120749

Lin, X., Chen, X., Kita, H. and Okamoto, K. (2003) Synthesis of Silicalite Tubular Membranes by in Situ Crystallization.
AIChE Journal, 49, 237-247. https://doi.org/10.1002/aic.690490122

Liu, Y., Li, Y. and Yang, W. (2011) Effective Manipulation of the Microstructure of Zeolite Film by Hydrothermal
Pretreatment. Journal of Materials Science, 46, 3942-3951. https://doi.org/10.1007/s10853-011-5319-9

Motuzas, J., Heng, S., Ze Lau, P.P.S., Yeung, K.L., Beresnevicius, Z.J. and Julbe, A. (2007) Ultra-Rapid Production of
MFI Membranes by Coupling Microwave-Assisted Synthesis with Either Ozone or Calcination Treatment. Microporous
and Mesoporous Materials, 99, 197-205. https://doi.org/10.1016/j.micromeso.2006.06.042

Ueno, K., Negishi, H., Okuno, T., Tawarayama, H., Ishikawa, S., Miyamoto, M., et al. (2019) Effects of Seed Crystal
Type on the Growth and Microstructures of Silicalite-1 Membranes on Tubular Silica Supports via Gel-Free Steam-
Assisted Conversion. Microporous and Mesoporous Materials, 289, Article ID: 109645.
https://doi.org/10.1016/j.micromes0.2019.109645

Zhou, M. and Hedlund, J. (2018) Facile Preparation of Hydrophobic Colloidal MFI and CHA Crystals and Oriented
Ultrathin Films. Angewandte Chemie, 130, 11132-11136. https://doi.org/10.1002/ange.201806502

Banihashemi, F., Lai, W. and Lin, J.Y.S. (2025) Highly Selective Thin B-Oriented MFI Zeolite Membranes on Scalable
Modified Stainless Steel Supports. Journal of Membrane Science, 713, Article ID: 123304.
https://doi.org/10.1016/j.memsci.2024.123304

Banihashemi, F. and Lin, J.Y.S. (2026) Xylene Vapor Permeation Properties of Templated and Template-Free B-Ori-
ented Thin MFI Zeolite Membranes Synthesized on Scalable Substrates. Journal of Membrane Science, 740, Article ID:
125005. https://doi.org/10.1016/j.memsci.2025.125005

Zhou, M., Nabavi, M.S. and Hedlund, J. (2020) Influence of Support Surface Roughness on Zeolite Membrane Quality.
Microporous and Mesoporous Materials, 308, Article ID: 110546. https://doi.org/10.1016/j.micromeso0.2020.110546

den Exter, M.J., van Bekkum, H., Rijn, C.J.M., Kapteijn, F., Moulijn, J.A., Schellevis, H., ef al. (1997) Stability of
Oriented Silicalite-1 Films in View of Zeolite Membrane Preparation. Zeolites, 19, 13-20.
https://doi.org/10.1016/s0144-2449(97)00044-4

Kuhn, J., Sutanto, S., Gascon, J., Gross, J. and Kapteijn, F. (2009) Performance and Stability of Multi-Channel MFI
Zeolite Membranes Detemplated by Calcination and Ozonication in Ethanol/Water Pervaporation. Journal of Membrane
Science, 339, 261-274. https://doi.org/10.1016/j.memsci.2009.05.006

Schillo, M.C., Park, I., Chiu, W.V. and Verweij, H. (2010) Rapid Thermal Processing of Inorganic Membranes. Journal
of Membrane Science, 362, 127-133. https://doi.org/10.1016/j.memsci.2010.06.030

DOI: 10.12677/ms.2026.163050 51 PR R


https://doi.org/10.12677/ms.2026.163050
https://doi.org/10.1016/j.memsci.2017.06.009
https://doi.org/10.1021/ie0715411
https://doi.org/10.1021/cm0716856
https://doi.org/10.1002/adma.201405893
https://doi.org/10.1002/anie.201903554
https://doi.org/10.1002/anie.201411791
https://doi.org/10.1002/ange.201708835
https://doi.org/10.1016/j.memsci.2022.120749
https://doi.org/10.1002/aic.690490122
https://doi.org/10.1007/s10853-011-5319-9
https://doi.org/10.1016/j.micromeso.2006.06.042
https://doi.org/10.1016/j.micromeso.2019.109645
https://doi.org/10.1002/ange.201806502
https://doi.org/10.1016/j.memsci.2024.123304
https://doi.org/10.1016/j.memsci.2025.125005
https://doi.org/10.1016/j.micromeso.2020.110546
https://doi.org/10.1016/s0144-2449(97)00044-4
https://doi.org/10.1016/j.memsci.2009.05.006
https://doi.org/10.1016/j.memsci.2010.06.030

	基于二维MFI纳米片构筑b轴取向MFI分子筛膜的研究进展
	摘  要
	关键词
	Research Progress on Constructing b-Axis Oriented MFI Molecular Sieve Membranes Based on Two-Dimensional MFI Nanosheets
	Abstract
	Keywords
	1. 引言
	2. 二维MFI纳米片的制备方法
	3. 二维MFI纳米片的组装策略
	4. MFI纳米片组装层的二次生长法
	5. 挑战与展望
	参考文献

