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Fig. 2 1D material intercalation GO film diagram
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Fig. 3 2D material intercalation GO film diagram
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Fig. 4 3D material intercalation GO film diagram

PEAh 3 1 30 RS T AR R W 40 K b R )2
GO ZHUERE A A ST S5 0. AR 1 AT LI L i
1D 1 3D BEHE R GO R o 7 &
B XS A2 AR A R R R S . R AR R
PEJT T B RIPE G KA BHER 2 1 GO g8 I K Z 4
HT A VRS E MG R . i 7E 2% 88 o
BO5 R A D L 1D A 3D Akl B i
JEXF G, ZZ WG R A A R 1y R~ FIORLAE 11 i 5
TR0 2 B S Bk B A BR RN 43 8 5 T TS
TEAERER B . DR P A B A3 #r WP 40 Kb
S A AN £k 27 e M AT GO 438 B8 mT LA i
TR B 1 L 55 T 25 45 B T A F. Hevh L A i 2 1
HA IR E AR R GO BEZEF I BAT W B4 i
B A A Z ARG B RS R T 1) SR A 1 % SR R
5 GO 4k A 2Z 104 F 1 (2B R AN 40 i
L ZH 1Y GO BRI E P i T R 1
GO .

3 FHAKAMBEE

BIES TR

WA KA R e AT R I VE R AR 25 2 W 3R
GO BERY ARG - DT 7= A= AF 56 1 L B sl i .
A ML AR — R PS5 36 )2 M R, HoAe
FEIIF W 0] AR T PR R0 A T I 45 4 M Y IR
Zhang %7 i T — B B R N A G R R P
(PANGP) )21 GO 9uE . F 4k PANGPs £
FEIIVERF BHE 2 TR s Ve L b7 1k T 98k
A BRI 5 (a) . Al B, PANGPs 78 85 A
FAFAERARS: T 558 GO A LE 2 R . Yu
ST B kg (PPy) 4K kT A E GO H T3
SN IE MR BEFR B B fE. GO 5 PPy Z [A]5R ZUfY
S F R - A EAE AR T AL R
PE L BHIE T HAK G I IR R 0 & A FE R I
R . PPy K g 11 2 P 45 74 [5) B O 3IE T 2 DS 45 44

3.1



51 2R DA SR A BRI AN B 2 R s R + 163 «
A1 BT GO g B LG & o M) b gl K A4
Table 1 Rigid nanomaterials for GO nanofiltration membrane intercalation
N /(L m™? - v 10 . =
A 1K, bl MPal) W BR/ % faE it
B —
f&%ggféé?g)ﬂ;i@ BSA = 98. 7, Cyt. ¢ = AMEYE pH=1 1 13 (A 5
¥ S ) ~ - - o e "BB= = B 5, BH R AR A
GO/SWCNT 6 600~7 200 L. % 10 3 22 5 (CBB) — RhB 98. 3.CBB=98. 6 .RhB 7 d)E.BEMEERAMR  [44]
97. 4 S
=15 mg/L
. . _ CR=98. 7.MB=94. 1,
GO/CNT 263 CR\MB, NaCL NazSOu=0. 1\ 1= 15 ] NSOy = — [66]
g/L 6 :
.3
Naz S04 \NaCl=0. 01 mol/L., DY > 99, MO > 96, A ) .
¥ H s
GO/MWNTs 113 B4E# (DY) =0. 02 mmol/L, NaySO; = 83. 5, NaCl = %;Hﬁ H GO B A S5 B9 Bl [45]
MO=0. 05 g/L. 51.4 e
GO/MWCNTs— N SEMWAERMEIARE T 2 4 KRG
COOH 169 MB=7. 5 mg/L MB >99. 7 PR B Y 9950 [67]
CRM TCEBT) FIRIBE o0 o ppr_og g ZAML 6 WIHI R KK 5 &
GO/HNTs 2 067 (ABG). MB = 50, 100, 200 A’PGZQ'S 7 MB=98. 5 HWZFNYIIREY 94, 420 X% 4 Fpr - [48]
mg/L ’ ST T30 R A SR B 90 Y6
GO/ % e K £ 4 43 NazSOs =1 000 mg/L Nay SO; =95 — [68]
MgSO;.  MgCl;,  NaCl,  MgSO,=7. 88, MgCl, =
e Na;SO; =1 g/L.CR.MB.#% 11. 3, NaCl = 6. 54, EAMBEKT T dNAE
GO/COF-1 3100 PEFL 5 (RB5) . B 341 (DR).  NapSO,=4. 46 ,CR.MB, R[4 5 B [69]
CBT=0. 2 g/L RB5,DR,CBT>99
GO/Co- Al LDH 7188 RhB.MB,CR=20 mg/L RhB.MB.CR >>90 — [70]
1GO/MoS, 349 NaCl.Nas SO, =5 mmol/L 1;;(;: 87. 2. NazSOu = . (517
GO/h-BN 578.4 CR=50 mg/L CR=96 — [53]
5 A IEAE B8R R 5 B P IR I 20 d
KB WE A AN 'S
MB, 41 (NR), 45 & & .
MB. NR. CV, RMB > JEFFEAE 200 CZRIAST
) 4 D) —
GO/Mxene 1366.8 r(ﬂ(,\//lxﬂciﬁ,r (RMB) =10 2 W, [f 0t A A B 0. 04 —0. 1 L7
g/L MPa b2 Bl R e 19 43 B v
fE.
SAMEAE 0. 2 MPa £ 140 h |5
BEERATET 62.90 h N
Xt CR % B AT 438 100%.
. . . . . BRI AK B AR
GO/AL-MOF 516 NaCl=1 g/L..CR=100 mg/L.  NaCl=15,CR=99. 99 - N ) " 72
/ : aCl=1g/ mg/L. - NaCl=15 DA B GO J2 L
SrE. B AR 50 CF A
300 Will47 1 h (A 75 Ab 38, G
iRzt
. . o — HABEAEK T 30 d 5 HA
GO/NH;-Fe; Oy 780 NaCl=1 g/L.CR=0.1 g/l NaCl=15,CR=94 i A o e [73]
N . EAH}-Z#WEH SR B
GO/Mxene 210. 2 M(L‘MB‘L&F LLCAYTD) i MO.MB,AY14,1C>95 MERm R 15 A T A [54]
JRAELT (IC) =10 mg/L ﬂ:
~ 'é_ i — [SAY =Y AN E
GO/Msxene 719 NRMB.CV.SERIE (BB = o vp.ov.pp 90,5 L AMRBHAEATR TAATH o0
10 mg/L Ak
- ARELEA R I R pHL E
Na;SO; =1 000 mg/L. H ## ) e
GO/Co(OH), 170 #1 80(DR80) . CBB, CR. MO, DRSO, CBB. CR. MO, JyRIBE I T 23250 ih £ e [57]

RhB =20 mg/L

RhB >98, Nay SO, >91

AN UEPERE I BEESEANUE 60 h
Pk




¢ 164 ¢ & B 5 B AR 5545 &
(ZeR D
y W/ (Lem 2. . 2 0 o, =%
4 bl MPa—) e W=/ % FevE it
NaCl = 500, 1 000, 1 500, HAMTAE 30 h JE 8% A
rGO/Mxene 1988 2 000 mg/L,CR=20,40,60, NaCl=5.3,CR=100 AN RS R E 10 G [74]
80,100 mg/L PRI W G e AR
GO/MOF 569. 4 MO=MB=10 mg/L MO=098. 85, MB=99. 79 — [56]
BAEAE pH=2~8 i i &
rGO/ZnO 2 250 MB=25 mg/L MB=98 W BRI AR, T 30 h )5 [75]
WA 1600
SRR, . _ CR=099. 1.DR=96. 3. KGR PRI 30 d J5 &
GO/Cu-TCPP 1652 CR.DR.RB5=200 mg/L RE5—04 T A, [76]
GO/ZIF-8 10.6 Na»SO; \MgSO, =1 g/L 17\173250*:100‘1\4“5504: iﬁﬁ HRIMEROTETE o
GO/ Zn-"TCPP 190 MB=EBT=CR=50 mg/l. b~ 99, EBT =927, — [65]
CR=99
(a) (b) B (55 pH KT )
/\_ o
-] - X § "a
t SN
V“ ..
-
P HEME S o | . &
E: 8F -w MELEH T .
F:PAN GPsHlZiK /1 FRAERH (I pH K )
(c)
wR Ak
000 Ooo :Ooo FALEI 000 ooo
T—ﬂ : Pt
Tﬁ* ----- o e
© o l 02 g«:
ONat @S0 @ PPy == (GO e Ti

(a) PANGPs #hitE GO 2R ] )52 g &S

(b) HA A TG LY
REE; (o) HBAETL-JEMEYE—2.5 V FI 0.5 V HLE T FLARAS (L Ff £

AR B A B o ) 8 4 A SR 3 A T

AR ERE

E 5 AHHLESTFHEREZ GO BEE

Fig. 5 Organic polymer material intercalation GO film diagram
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Research progress of graphene oxide nanofiltration membrane
intercalation modification research

LI Jingxian, HAO Jiajin, WANG Lei, WANG Xudong

(School of Environmental & Municipal Engineering, Xi’an University of Architecture and Technology,
Research Institute of Membrane Separation Technology of Shaanxi Province, Key Laboratory of
Membrane Separation of Shaanxi Province, Shaanxi Key Laboratory of Environmental Engineering,
Xi’an 710055, China)

Abstract; In recent years, nanofiltration membranes constructed from the inorganic two-dimensional
material graphene oxide (GO) have attracted much attention due to their remarkable permeation and
separation properties. Among these, the typical two-dimensional transport channel inside the GO
nanofiltration membranes have become a key factor in determining the upper limit of their trade-off.
Intercalation, as a flexible and convenient modification method, has been proven suitable for regulating the
interlayer channel properties of GO nanofiltration membranes. However, the different types and properties
of intercalation materials can impact the overall performance of GO nanofiltration membranes. This paper
emphasizes the unique advantages of intercalation technology from the perspective of interlayer channel
regulation in GO nanofiltration membranes. It also classifies the intercalated materials into two categories,
rigid nanomaterials and flexible nanomaterials organic polymers, according to their properties, and
analyses in detail the effects of each type of material on the structure and performance of GO nanofiltration
membranes when intercalated. Additionally, we highlight the difficulties and challenges in the preparation
of GO nanofiltration membranes using the intercalation method and provide an outlook on future research
directions. This study aims to offer a reference for designing GO nanofiltration membranes with excellent
stability and high separation performance.

Key words: nanofiltration; nanomaterials; membrane; graphene oxide; intercalation



