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Research Progress in Optimizations of Polymer-matrix Membranes
using Two-dimensional Graphene-based Nanomaterials
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To date, polymer membranes still encounter several challenges including the trade-off effect between
permeability and selectivity, low resistance to fouling and chemical stability. Organic-inorganic hybrid membranes
can make use of the advantages of organic materials and inorganic materials. In recent years, the rapid
development of nanomaterials plays an important role in promoting the development of new composite
membranes. Especially, the application of two-dimensional graphene nanomaterials has attracted more and more
attentions.

However, graphene has high chemical stability, inert surface, weak interaction with other media, and strong van
der Waals force between graphene nanosheets, which is easy to aggregate and difficult to disperse in water and
solvents, seriously hindering its application in polymer membrane materials. Graphene oxide (GO) introduces a
large number of oxygen-containing polar groups on its surface or edge, which alleviates the strong interaction
between nanosheets. Therefore, GO demonstrates good dispersibility in water and polar solvents. A large number
of oxygen-containing groups also provide rich reaction sites for preparing modified graphene. In addition, GO has
the advantages of large-scale production and low cost, making GO widely used in polymer membrane materials.

Popular polymer membrane materials such as polyvinylidene fluoride, polysulfone and polyethersulfone were
individually blended with GO, modified GO, or composite nanomaterials to prepare mixed matrix membranes via
immersion precipitation phase inversion. Because the hydrophilicity, pore structure and surface roughness were
improved effectively, the mixed matrix membranes showed the enhanced permeability and antifouling property,
and even presented new functions such as antibacterial. An appropriate amount of GO or modified GO was
introduced into the ultrathin active layer or porous sublayer of polyamide thin-film composite membranes. The
permeaselectivity, antifouling and chlorine resistance of the nanocomposite membranes were improved due to the
enhanced hydrophilicity and charge property of active layer and the optimal structure of active layer. In addition,
high-flux GO laminated membranes can be fabricated by layer-by-layer assembly using non-covalent bond
interactions such as electrostatic, hydrogen bonding, van der Waals force, or covalent bonding between GO active
sites and crosslinking agent.

This review offers the research progress with respect to the application of two-dimensional graphene
nanomaterials to improve the structure and properties of polymer membranes based on the methods of physical
blending, interfacial polymerization and layer-by-layer assembly. In addition, the challenges and prospects of
industrial applications of two-dimensional graphene-based nanomaterials in polymer membranes are prospected.
Keywords: graphene, graphene oxide, polymer-matrix membrane, membrane separation
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PLJLHER, oy T AR PO R R CAE R Sy B R R B RIFIG R, (RIS EERBEIERE. BT
15 R Re DL R AL B AR B TR ST A fridt— P4 . — 0T, B FUN R SS J7 0003 = 70 T I S K e e A is
Jetkpe, MG ABOEE ., CEPOEEER, SPEKBAHA G, BIGSITRA: J51—JiE, BEMRR
B TR P 5 53 Ve 2 184 AE trade-off A8, RIS R, HakFERAR, 2R, H AT,
AU 43T trade-off ORI 5 VA BEAE TR IE AT RHIRF ST R b, GFETFR BT B o FARE, SR
BEAT A 0 A B ) 3 WL- IO A o 5 DL-TO LA A S I B 25 & WL 20 T AP RLRI TSR R A 5
JeH SRR R Ped R e Xt T4 Gt o I BLR A EEAGHEBNER, SIANGURI RIS B 43 715
1) trade-of f 2RO, FFRAKRERE . FREEAUF (0 =y It REEAA L, RO 20 BT S P 75 (1 B T 5 e A

2004 4, &[E Manchester X2 Geim S5 N R I T HHARE L sp? FAb B8 U B )5+ 2 4k d 53
IR B S A B T - A B, FLERR AN 0.35 nm, S H ATFT R BLIO Sl i iRl St
SRR IO B A G 1) B0 A LR R B R RS R, e Rt e, HREEEIRE, S5HENmN
M EAERESS, W HASR RS L FAERGRITOERE D), 5REMMER T KK WRAPER, A%
S I ME A ML T RS T A ST AR RN . LA 8205 (Graphene oxide, GO) fEHFMHALZ 5N
T KE—OH, C—0—C. —COOH. —C=0 &AL (WK 1 Prr), 5 GO 25 R a5 1
TR - MERUAH EAER 7). B, GO FE/K AR 1-F -2 ki A2 Ed (NMP). N, N-ZH 3 HEE I (DMF)
SRR B R/ B RERC), i B GO M H A AT RIS & BUARBURMR AL, 15 GO 1E 4 Bt
MBI R %25k, hAh, EEEEEIY GO R4E T2 SR AL A, 115 GO sl # itk A
S0 ) A R

N2

1 GO Mgt ER
Fig. 1 Schematic model of GO structure

FHITN AR AN RE SRR, TR, S8 7 R LSS T BOERAE IR A S0 BAT 9L, @
B A SRS EAUKALI RS . TARFI D) e AL B Be BRI HI 9K AL A SRR R i P2 I e, )% el
VLR R LGRS SR, FB @R A St 70 TR s LN B2 . B, BT T FLEORA
HUBRSRE 22 . KTHIAR e o B Ay SR SR T U i & 55— RBISCRE IR R, )2 1 RS S di AR 1
JEANG B AU S R 2 BRI, ARSCE RIEN T B TRIRVUE AR RS R EHEEE N
HIETT%, s A SRIRAKA RSN 2 TIRIE BT, S R 2 T IS A S5 M RE BT Tk
1 ETREVEMAEAES SR EE R R

B S B (B TR BUTIE A A0 AT A BR & 70 TR B0 &% 70 . SHGEMLEL, R
WUTEAHF AR T2, IR R, R, EL ENAEIN 2. RIMmMLHM (Polyvinylidene
fluorid, PVDF). & (Polysulfone, PSU) 5 %EHN (Polyethersulfone, PES) & ¥ ULIREAT KL, HAMR
R B ERE . ettt REETE L RUERE, B2 Tl s, BRI, SR, efiIEA m



GRG0 G EOLHK SR, 85 2R PN, AL RR FUR 75 5, fomai o B RE, 4%
JEAE I v, SEUSITRA LA WAL, {E PVDF. PSU ‘5 PES RBEHR o 51 N 4840 SIA 9 KA R
A DA RGBS K e PEFLAE M FLASRE . B VERESE, WA RERNSENE . Piis gt DL R 5E
PERE . RABSIMGURA R T, 7T UG 48 S AG0RM RS 5 2 7 3R ) £ 0 G 2 I 2 B = K 2K
(1) GO/mirFIREHELE; (2) it GO/ TIRGEE: (3) BEEIKMEN &7 IR EGHTUE.

11 GO/Rr TR EE R
1.1.1 GO/ PVDF B2 i

Wang ZEISITEG I R 0 0.2 wi% GO B, GO/PVDF JR& IS S A Re A B8 ocE, H
AR T 96.4%, PUIKIRESRTF T 123%, Al 79.2F4KF] 60.7< Chang 155 T GO 5%
ZIFHMgLEEA  (Polyvinypyrrodione, PVP) BiFEIREN % GO/PVDF i &3 Fiia ne s it Re fsmm, wF 78 & 30,
GO 5 PVP (& EHRTT TR & H FUB IE IR ISR A EERE M5 G RE s 25 GO. PVP R E 717y 0.5 wt%
550.25 wt%ltf, T GO 5 PVP Z[a] A S A LAR /B BIMATIRES, GO/PVDF i 5k i e R B i
HAERIRE S B PERE . Xia ZHISIEE T GO IRk XT GO/PVDF RA & FUB IR LR R A ML, 451 %
VRN 0.5 W% GO VR & J= o S MR I 5 M3 B M R iy e PR . Zhao S5 USHBAIF T T GO k%
X GO/PVDF VR4 3 5 iR BN A5 14 S5 T RE IR M, 24 GO WIS PVDF 1) 2 wt%f, GO/PVDF VR4 35
AR R ) 70 S N B B 23 3B I T 799% K1 99% . Zhao ZENTHATTfE 1T HI 7 GO/PVDF iR &3 i
T L ) 8 2% A DR BIE 5, 19t TE A 36 A0 A 1) i () 4% 25 A1 D9 - PVDIF R 2 (12 wit%) i 77112 B (DMAC)
GO KJE (3wt%) Hl PVP iKE (5wt%),
1.1.2 GO/PSU YA % i i

Ganesh ZEUBIRIF 55 A T, 244 9 R I 2000 ppm GO I, GO/PSU Y& -4 3 B 2N UE X NaoSOa 8B %
1L F] 72%; H NaoSOa B B Eh 7 pH FHaEnmi ek, X2 FEAY pH A&, GO R RIEMI REA
07 HEL B (AT R T 1 L AR PSR, (45X SOa HEFPERIIG SR, MIMAR SR SO IR R . Lee 5509
# GO 5 PSU FLig & H T A ) Mg (Membrane Bioreactor, MBR) [H#RVEN, K IAE GO WKEE Al
LA MBR B IER 1 EALAE 5 Z L2 LA 24 GO WM 294 1wty PSU I, GO/PSU i i ik i T35
KA REAT i i HE SR ARr It H 5, OIS PR IG5, b 5B A AT LUE K 5 % . Kumar 5129144 GO 5 PSU.
TR ERIR (QPSU) FLR £ 1 IE HUTR-& B JBIE IR, B 703 B GO/PSU/QPSU VR-& kT K /Kl & . #71
TR S =LA & GO SrEA K, itk HiEd et Sl pH F1 GO S B IAHIC, ANTr i & A it
SR E R GO & E I R/
1.1.3 GO/ERBEN. (PES) 1B &EFRE

Zinadini Z5PUHFFE GO WK LN GO/PES VB 7 F it 4N U MO 45 44 S I3 B PR RE B2, BF 7RI,
0.5 Wit% GO [FiR & 3L E I BA B LR . IRFLIREE ., KIBR S H5 Jerkhe. Jin RA% 5 GO ik
[EXT GOIPES -G 45 I MR BE I SN, AT 58 R I GOIPES YR -G 5 B IR IE (158 /K MERE L ZKIB R A5
ek febEA GO WREEHE KiK.
1.2 Bt GO/E L FIR & ZE R

GO i Wik ATE R IE R 5 7 BUR SRR ok bR, s b, M5 T LRI, GO 2 H B /K
PRI K LGB, IR AR SRR, M AAIES: T — m238), GO S5 &5 )G
SRR AL T EE S AL . PR, WX GO #ArsEkett, nTLLRIE GO gk i Z 2 [HyE
AR TSI R R R EE, W GO TEAR A HLIE B B b i o ke 38 v) LS St GO S5
SRR 2 A SR, ST EME GO A5 4T MR 1) 40 e B b 5



Xu 5F2O5E A 3 B 5 = 2 A B b 5 GO Jiid b 2 s BiAE i DT Rgfk GO(F-GO)D, 4R 5% % GO.f-GO
IKPEEXS GO/PVDF & f-GO/PVDF Jit & 5 iU JEMRE 45 K 5 TEREMI M . 5 PVDF ik, GO/PVDF Ji& % i
FHEL, f-GO/PVDF YRG5 B IR I L BE AR S iUk Pt . 7KoE &, BSA & R BIEH . % -GO HmInE A
1 wit%l, f-GO/PVDF i & J i il A # i K H 401.39 L m2 hl, Xt BSA i % 55%, i K+ PVDF
JEC40%) . 1T f-GO R EER M RN KAES N3 PVDF IREF b, 150 T £-GO 5 R EL i 2 8] (AR B4R ,
Bk, f-GO/PVDF Lt GO/PVDF B & 3k o M 1 oz v 5 BE % Wiy SRAF K< 2 43 7l £ 51 69.01%F1 48.38% . Ayyaru S
SN0 B L A A S5 (SGOD 5 GO 7R INE] PVDF 25w, AxtF PVDF Ji, SGO/PVDF Fl GO/PVDF
TR LRI AKCE 5 PR TE T 146.6% 1 53.3%, X T SGO MIMERREE (-SOsH) #xtF GO 1)
-COOH/-OH 55 7K it SE 5 (¥ LB H < 24 SGO ¥R I 2 824 0.8 wt%bltf , SGO/PVDF (14 ik & 1 52 %2 (88.7%)
#5T GO/PVDF (75%), iXFETLRFENTIA SGO 5 iR T A8 M LR 5 Ju ik i (e datk R 1R F

Zhao Z5P8R| ] 4- 2 B 2R 3 S WK IR 5 GO RS AE B SR R AL U1k A 8 (GGOD, ¥4 iGO 5 PSU
il % IGO/PSU JBA B FBIENE . W7t K I iIGOPSU B & B BRIk A Sk, IR, PUis
PePEREAS 5 R . Wu S5OV [ BR I 2 I8 1) SR LK ff 5 V2 %45 31 Si02-GO, F#% Si0.-GO 5 PSU
IR % SiO2-GO/PSU JR-AZE IR . 4 SiO2-GO WML 0.3 Wil , SiO2-GO/PSU V& A & i K 1
AGEE LT PSU TP, HoKIBE . EEEE R UG RIEREAIL T Si02/PSU Al GO/PSU i & % it
i, EEAWITHAEERE: (1) Si0-GO J/KIEHGE; (2) Si0-GO Jky i = WIh 45K w] LI SiO2-GO
FERRIE T AR, 23 Si02-GO 5 PSU JIEEE i 2 8] 1) 43 Bt RAH A

Yu &R AT M (HPED 5 GO & Hifs 2 HPEI-GO, F¥ HPEI-GO 5 PES il
HPEI-GO/PES M . HPEI-GO/PES VR & 4= i i (1K i F % HPEI-GO IR EERE KT/, HRHpiEA
15 YL RE I # HPEI-GO WREEH KM K. 74h, 24 HPEI-GO RN E N 3 wt%H, HPEI-GO/PES JR-& %
AT S A BT K400 R R B 5 13 . Ghaemi ZEBURI IR AL (PAND Xt GO BEATIhREMAEME, Kbl
2EIF) PANI@GO 9K BURII N2 PES JEEEFi . PANI@GO FUMMA(E/FIEA SR . FLAE A RSEK DN,
{HXHY P2 ) R BRI, 4 PANI@GO FRINEH 0.25wt%Hf, %f Ph> ) L BRE ik 98%., {HIF—
R, ZERI G BRI AR S T Ak, WM RR AT & —Hsh 2By, FEE S (R B - e by
WG, ZEAEN PO AR I ERRBOR . A TREH LA ARG (SG) 5 GO 1E NG KEER,
5 4% SGIPES 5 GOIPES W& H: TN IENR . HTFC A, N 0.1 wt%ikJZ 1) SG/PES 5 GO/PES YR &4
JRNPERETE SR S ) R R AP R e, BT SG s/KMMT GO, H PES-SG # WK/ N T
PES-GO, {if} SG HA SR M 4, K, SGIPES ¢ 5 5R 4AuEIE 7 DL BN S (¥ 3 B kg 132,
L3 BEHPRMBES FREERE

W PR AS [R5 BE AR A BB AT, T AR B A% B o B, (RIS i AR £ 3 FobE L A1 L
P, KB A AR B TR TR RR Y B

Zhang 2B — 4 A AL TRAKE (OMWCNT). —4k GO #1 PVDF il &R &L g, M7 GO
F OMWCNT A [V £ EA7) e VR 5 35 J B i P70 G e P Wi (R0 FH - 2 PVDIF 8 IR (¥ Bl £ o 78S
2 GO : OMWCNT Jy 11 9 IR, VR-& TR YR A4 fi 4 95/ 52.5% 25 GO : OMWCNT 45 1 511, GO
5 OMWCNT h[RIMEFH &R, R & H U IR K E BN 7 251.73%, il &Yk 2 A5 98.28%.
Safarpour Z5B4AHF 71 K I rGO/TiO2 K &AWy v] LARERA K BUR M I R I, MR rGOITIO: s N
4 0.05 wt%itf, rGO/TiO2-PVDF & & J= Ji il Y R 121 K Atk 7K B X% i Bk 52 Z 2 08 T4 PVDF Jii B
TiO2-PVDF R-&HFE . Huang S50 %567k H A A ML) Fes04/GO (MGO) YU KEEY), 1EAHFEAE
il % MGO/PVDF Y& 45 i M g A2 v, 5| NHE 1E 815 MGO TEIE R M & S A I HE51, AT 2808
SRR SR L R & DL S TS Gt fg .



Ying S5O FH I b v il £ ZnO\ ZnO-GO K ATRE , 48 J5 ) TR I O UE AR 7% 023 43 7l i & ZnO/PSU
ZnO-GO/PSU IR & E: i, BEFi kI, GO 5 ZnO [ [FIfEFHRES BRAIK 5 5/ ZnO W Ina:, [FIBHERIEA
PRI Brig gtk s LA PR HERE AR . Xu SFBIRHEB RSN A S8 (NRG) BEFH SRR T B
PR TR S B2 i) 26 NRG/TiIO2 (NRGT) HIZNKE &1, JE# Y PSU ILBHI &R & RSB . b T7E
NRGT M GIN T SRR &5 A, Reiidsmi skt SFLERE, iR 0.5 wi%lf) NRGT NETH A &
FERIPLT YR, KIBRIKE M 65.3%1 K F] 92.9%, HAW 545 7.6%.

Vatanpour 253804 & B rGO/Ag 5 PES LR MBI &R -G 2K, 7 71 rGO/Ag-PES R & 5: i I 1 Hi v
AN HEGE . 24 rGO/AgG RN EREEIT 0.05 Wi, rGO/AQ-PES VB & SLIi ik O R DL H M Mg, ERE
RO IS s, Zhao PG R T BAH =W S5 M M GURAR - RIS 0 90K E - 18 R S A BIHPUKRE A4 8

(AgNPs-HNTs-rGO), 4RJ5 ¥ AgNPs-HNTs-rGO 5 PES JLiRHI4 IR AR E. T8 KP: (1) HNTs A LA
BEAHAR rGO Gk v /= I BE L 7H B AgNPs [ sk: (2) 5 PES JEAHLL, AgNPs-HNTs-rGO/PES R4 4k
RS AR PE RIS Y ot . AGE G R, BRI E N (3) “FR~T2) 10 nm ) AgNPs 557734
£ 1GO 9K Jr L, fdi15 AgNPs-HNTs-rGO/PES i & 58 5 I e /s tH AR S BT i L e, KA R S R VR 5
IR IEAE 6 A H Ja Xt K B 3mSR AT 4ERE7E 90% LA . Gan 2N 4 i) Co304-GO 5 PES JLiki &
VR TR PR, o Al PES TR HR i A+ ZKE B AT B VK # 43 S 75,202 101.1 L -2 bt T 55.7%,
1M Co304-GO /PES R & FE UK e fih £« /K B R ROE B 227373 04 54.75° 347.9 L-m? h1 71 81.1%,
FLE K AT B 40 1 26 A 51 89.8% . Ma ZE UM 51 R 3 Ui0-66 &)@ A HLE 22b &4 (MOFs) Xt GO [¥if&1fi
R 08> GO 4K i Z IR HES IR, NS &2 0.3wt%Ir, il %45 3 UiO-66@GO/PES i & 45 i
FBIEE R/ B R L GOIPES. PES BT T 78%LAJ 351%, HITHHLYRIAIEE R K. Makhetha 5142
R F =4 MOFs #1k} Cu(tpa)xt GO #HATELIE, F1HF Cu(tpa)@GO 4K E A5 PES FLiR i %R 4 5L i 8
JEMEE, ZIEIE K R A 98%, RN AR RIPTTE R R .

2 HTFAERAEHEHKE A

SRR F A 6 SN R 43 T U L, S5 94 T 6 45 V461 46 52 &5 BCThin-film composite, TFC)
AT LU ST R R B S AL 5 ke, DR, AR RS A T LG 8,
i, 8 B WL A TEUURE G (Polyamide, PA) BN E. b —35 036 5 A5 % EEEM 41, i
75 YRHOVRI ST 41 M B, IR FC R I, SR DL R IRARTE S A b 51 N B 4 SR KA R 4 44
KE A (Thin-film nanocomposite, TFN), U545 X0 & &I 75 B 1 Al
2.1 fEE T B E R GO Rtk GO

£ PA S &Y B2 PN GO EZA LL R JLAMEHEN: (1) GO 4514 & SR K FEFE A GO
RO HAERT RS RNAE R OUHRKMER): () fEmEABRRKY:, FoT e onE 5y
ebkfig: (3) GO M b el U AR F RN PA B B2, ANTTT BEL L5 P SO B i 3 2, Ak,
GO gk i BA ERMMLLRER, W H T PA E R IOBGE IR T AMRy, 304w PA B4
JEF T S AE -

BT RMELEIE PA S ETEBHE B EHR RN GO AWMEAE (WE 2 fra): (1) ¥ GO r# T
2K = HEEE (Trimesoyl chloride, TMC) H AR B F; (1) ¥ GO - #T A 2K — i (m-pheylenediamine,
MPD) 7KAH SR o BT GO FEZKA A 5 1 43 B B4R T WU A R GEE AT IE Sbe) B84, R,
REZHW TR BRI PA EEIEEEH B ZH A GO 480K .



Bl 2 BT S RAIELE PA BB 2 Pk GO /R 59
Fig. 2 Schematic illustrations for the pathways of incorporating GO into PA skin layer
Lai 25M1%%20RIE (Piperazine, PIP) 7K¥&WH GO ¥REEXT TFN 4438 (Nanofiltration, NF) &AM
REMIFEI, 24 GO YRE 0.3 wit%ohy, TEN & ALK /K MEANfF itk 25 358, 5 RN GO 198 4 lLAH
b, TFN A BEMAKE RS T 50.9%, X NaCl # 5 %K 88.5%. Wang &GN KL, 24 PIP
AKIE T GO WK 24 300 ppm I, F A TEN NF 525 B 7K B 29 9 AR I GO (1 TFC NF 245 511 1.4 %,
[ e 2 B0 L B 0 S R 47095 G ME Ak - Bano 2505711 Xia Z58IRF 78 1T MPD 7K GO KX TEN NF JE4r 55
PERERIRZIT, 24 MPD /KIEWR P RINER GO J6, TFN NF B4 RRIAKGEBMFs Y fe A Bt .
Xue Z5090 TE AR S R & PRI )\ (ODA) it /5 () GO-ODA,  TE/KAR R Lk &R PIP 5
FR It (BHTTM) HIEAY, FIF GO-ODA LK BHTTM & HIEF MM ERYEM, Hl&52
FUAH TR R RE I TEN R8I . FRATTER A ZEL 18 KR S 7 Ak 2R Hp 728 35 2 1) 0 R R I e vk S A S
(MAH-GO) 5% GO, it Fiifi B A9 Ml % TFN-MG 5 TFN-GO Z43Efi. WFR LB, BT MAH-GO
b GO ALAT SR kK M 5 5 R K77 1 LS B, (873 TEN-MG G LL TEN-GO 4438 I 2o H B Il = (1
WERRBIBEIERE . U5 PR S SRR,
Chae B3I 5L R : (1) GO AR EEAN RS K/NZ M TFN RO E & B MR E R R (2) 4
GO ¥R 38 ppm K, TFN RO & &5 17K & A HTT5 G PERE TR &1 120 80%FH 98%; (3) 4 GO RNk
F>) 76 ppm B, TFN RO & & IEAE 2000 ppm NaClO Wi HFi% il 24 h J&, NaCl #iH R LT REAZE, R
LT AR i U B - Al 25 8U7E MPD 7K HH 45 1 100 ppm [¥) GO, TFN RO & £ I /K B B 42 T T 39%,
HAE R EAE 2~12 19 pH TEHE N AT E . He Z5497E MPD KA I IER GO, AMUAH R
i TEN RO &R I At Bk MR, $RmdizkKil i, TEN RO & &P B & MBI GO IKEE M
BRI Xia SO0 %558 MPD /KR GO IR LR RIRA NG R0, BFFLRA, 7
TR GO A LA TEN & A Esie/K o o R T A R THI 17 FRUARE, ) EL R DL BEAR R iR I MR A
X RAIRA WG JAI) 2 B R R piis Je R . Yun 25022542 TMC A HLAH T GO MKEEX TFN RO & & it
REMISZIN, 4 GO ¥E 4 0.015 wt%hT, TFN RO & & EH/KiE =R T T4 50%. It4k, Shao Z5581f1 Ding
A 7 70 MRS R 2 BS R RN GO, B NIE & GO B nT AR i v 77 52 45 RS 110 7 7138
R R AR RE .
2.2 EEEHBA GO
HIR PA B A TRFNEIZENE R L E 1 PA B EETIUE, HERESMSEREEDIML. CF
W EEAE PR PA RS B2 AR, 78 R RSO 7 T (A OO A X b o ST SR S LR g
BN SRR, B S YERE (nFLE M. FLAE . FLBRER AR K MERE) £ B HE R WA /K o i e Ak
RERHL IR PA 23 B R MR ZEH). SRS, B2y PA A IR oy B HERE
Lee 5 OSUGF ST AR A J2 S R IR BE ) GO it PSU JE RS 45 44 S M RE RS, W F0R BN, 4 ks s i
754 10 wt% PSU. 0.9 wi% GO (FJZ BN 1.540.4 nm) I, il # TFC-1-GO RO BRIFLERE . it



#HE 5 15 wtv PSU FERELTT Frifil & RO & AN, (HAGEEAM N T 1.6~4 5. Sang S5 ZEH
2124577 :0FE PSU LRI 51 N7 IE LA EL GO Mt 5l GO 9k )2, TEULSERE i i i 2% &yl
#I1) RO ARG BAF Ml & MRS . Chae SOTHFFURIL, HIUAE PA B S B2 N GO [¥) TFN RO
RAENEAELE, 7E PSU FEEAN PA #4252 MR\ GO FiTfil#F TFN RO 5 & IR A /K il & I hiys Y ak 1 4
LR T 19%A1 77%. Park 081558 PSU H i GO I E X} PA 1IE#5i% (Forward osmosis, FO) & & it
REfIS2MR, SO RN N 0.25 wt% GO YRR BA IR SR . IRALIRA LA R4S, X PAFO B
R FAR L BB IE R .
2.3 JERE

WFARNAFRI GO Lty rh i ML, i SRR S T vE% PA AR E AT Stk i,
Perreault S5 PATFC RO R &R & GO 70 AT 1- Z2k-(3- — WY Y2k ) ik —E % . N-FRIEBR A8 1
JE AT R EEAG, FE & AE ARSI, H5 GO i kA i e e R . WEFURIL, BRI RO &
AR Al A AN 8L/ 4TS U JE B A MK Bivs Yot R pi b PERE AR 213 3R . Hegab S5OV iy
fi GO ANy IE HL 53 SR [ B AE B GOIf-Cs &KL, JRJ5H GOM-Cs [ & 7E 4 it ¥ PA B4 KM,
B GOM-Cs 7+ BZ T LARFE IR 5 PA H4 RO JEMRKME. “PIF R L R biis Jetk e

AR, 7 PA EGBRT 5N GO I ZH B TR A5 Je K i St RE, A WA HERE: — 5
TR 4 = R T K M 5 PIE R, g mbiis detkae: 51—, GO MM =7 MRy 2 stk
B AR PA B2 E Tt . 02, 75 PA E A NIRRT N GO stk 2 /5 i & #I i I IS i N p& L i@
TR RN R, Fit, FFRA RS RA UIBRCRCE & AR ARREE S PA EEBINTIT 3
PEfE LR i SME R R T M i . 22 T2 220883 (layer-by-layer, LBL) #il# GO 2R & H b —
T ITE
IETRERHEEMN & GO BRE

EIRHESNE R — M 2 R SBIR, RGO RH 5 s AR5 2 18] 1 S A LA R 0B 3o e
FESCIR TC R TR IR RS 2 R 5 I A L, 2 2 4 pls 7 ik AR R 87 B FL RS A
FZELUF UM R (D ALK [F R SEANA B D Re A RHZ ] — 2 U7 2R AT 4138, wT LA iz il IR
JERIML R R RS () BARZEHRIERERZPE, HRARRANES LR (XHRIA
APEEEFR): (3) KW HIEFIMBEEAT, BRI (4 WLURAER. k. BHR. ZadiE.
e IR AR 7 SRS I J2 A e e

WIHTFTIR, GO & —FhvRe 1) e KAl HLIIERETR, Aefbtase M BEEAEI T . GO 49K frw]
PAFIFE L SUBE YOAEAE )\ - MERRAE FH A5 RN S ELAE F S i kB, B m AR GO V& PEAL
PG AR S R SIS B, AT TR 18 LA /KT (R B EL HEARUER SR I IR 51 GO 43 B, ZEAR AT )
GO YK Fr Z a1 % el (1) — 4 7 [T 8 7

FRHEF) GO K 2 AL GRS, HerKlzE BRI TUFJLAmr: (1) GO 4
X BAE1F GO AT 3ok /K MERE, 1T ELAEAF 4RI i 2 B R e AT 5, K RERSTE GO Jr =2 I
TN (2) GO G rh AR DX I AR — AT 40 1) I 248 5 1) LA J v B At g, A /K7 v B A s 1
A RLEE RS (3) AKFE AR XIS G R T S B TE B S SRR AE s (4) GO BRI At
B FRGE R BRAE RO S MR A

JFARHES GO BEXT B - 43 T4y BIHLER S i F IR A 02 7 (D) #4F el B 7K TR RS GO
R JZ TR EE, WA, MR Z M4 () BTaiE s FENZRAEE, &5 GO REMH
BeH R A BT SE A R AR 2 (3) GO SRR IEAE /K 26 i F A A ity e, a3 F A



SR L T ECE A TR B B, BUIRHES) GO A AT LASE IR K I i, A FT DA S 4
(g 22 51 ) EEREAR T P 7 R AL R IRAT AN R K 3 B RO, 7 SR DR (93 ek 5 34k P A Py L6 i) L
3.1 FEF IR BAEFH K GO BRI

Tsou FEMLL S R IEE (mPAND JyZEE, 50 Ed iE (PASA) . B HE (VASAD. 78K (EASA)
&3 (B 3 ) XEREALE GO A SR, 4R EIR GO FARMEE 8] BE R /MBT Ay
GOeasa>GO vasa>GO pasa; 28K 7 AT 1 GO EARMEA B Ve B8 . 2 ASKUIU (K 22 BELAR S5 44, i i s 7
AT GO IR M iR A B0 Hom A7 . Hung PSSR N & 75 U7E mPAN J: 58 L ]
#EEH T GO AR, TEM Fl XRD M4 K GO FRBLEMIEEJy 8.3~8.5 A, Xf S N EE/K 17515
FAL B IR T AS Sl Ry A E] 1164 J7 4137 g m2 hl, X4 K5E R AR T WisETE GO AT
R PR AR KB TE -

K3 GO/MPAN E &R 3 MR ik Ok, E T MZER) mE i
Fig. 3 Schematic diagrams of composite GO/mPAN membranes fabricated through PASA, VASA and EASA
iR E R ERA GO FZ AR, Ve, rr SN EAR AR Y1, AR GO Zik
JEAEIK G B AR R IAE IR SR AMERZE . GO IR FEA /KIS P o S0k, R, BT A N AR A
SR GO S IEHLA et GO Bl BR LM L L IAI R LM FE 0, DABIZE 3 B A= 521 GO 2R

B4 T #dsHEAERKNEREAL AGOIGO FEIREN
Fig. 4 LbL deposition of oppositely charged GO and aminated-GO nanosheets
Choi SR S L GO 57 IE IR LML GO (AGO) it M EAE /1 (il 4 Fron), £
PA-TFC RO JiE3RTH F2H2%¢ AGO/GO FIRIEL, ZHAEEH 10 IR J5, PA-TFC-GO IR A KEfZ B 46.5 nm Ik
/NEI 215 nm, A U Y 70.6 2.4 9%/ E 25.943.0< 24 {F K /14 1.55 MPa i, PA-TFC-GO Jiff17/K
IEEA NaCl # B £ 518 14.040.3 Lm2 h1 A1 97.1%+.1%. [EH], 385 oboss B8 i T g BE A SRk i, 78



APEARBOBERTHE T, PA-TFC-GO It S AR R (M btis e At S rERe o

Wang %009 S R s IEFB ISR CJR LG (PED Btk GO iy 67t s i SR DA IR A8 B R (E /K S 2R D I
& (H-PAND JBRTH, BSIRIETER CIMEE. REE CGTEGD e NF . 1% NF EXRIR A0
B 2Rk 3 99.5%, X Mgl Na*F# 8 5 N 92.6%H01 43.2%. Nan ZE07H DL H-PAN fEONEEE, SRIG2C
BEOAEA R EE (1 PEL A GO W, B UTARI (8], PEI A1 GO WKEEXT NF JEPERE 520 . 24 PEI iR
GMEEE, HI & BB IEBRR NF ST M2 Natf# B = 4058 93.9% 1 38.1%, /K= A 4.2
L-m2h?tbart, Wang 257815 BUFI AN feff PEI 2R GO JZ2HEBF H NSUE 4 7, Hsa s ez i
PEI/GO RRIERA B s s EME . Zhao ZMH AR (GE) 5 GO ZIA &ML U8 si/KA/E S5 &
FHEAEA T, % GE. GO ZZ B iRAE H-PAN IR, 4 GE/GO 4% Z40Ch 10.5 B, (GE/GO) 105/H-PAN
TACJZIRIE B A e P2 B M e . Hu S50 A S Bl ok SRR #h 5 GO I A L/ i % FO IR
Ji, 1% FO JEARME R 7K & LR il Ak FO IR KO B — M 4. Salehi £5ULL SPES-PES YA, @
T PEIMZILE T IE A R (pH=3) Fis fil GO ¥l (pH=10), Hl&B BRI FO EAME.
3.2 T I BEREN GO BRE

N FRAFIA GO Zityd ifE It S RN, I T AR AR AN S F 70 7E R RF 2 PR 58 B 1 5 T 1)
TR, MANBNIFRKT GO BHEZ MRS &R 77, 75 GO ZE MY hifs e 3L m 8 (E i
J1. Hu ZBR Il 5 fos 2 B35 5150 % GO B, #4291t £ EZE W (10 mmol/L Tris 2K, pH
4 85). 0.15wt% TMC (ZZIFD. 2.8 wt% GO S5 fE PSU FEIEIRA . [, FFE AR, it 32 R A
AT LB = R HE S GO AR KA SEE R T IfaErE, ERTBAX GO FZRIMm Ve . Thee. 2R PESEEE
TR . GO EARB/KEEEH Y 80~276 L m2hlMPal, ELR AL NF JBGH & s 4~10 15, XT84 fn — 4y
BT IR R BK (6%~46%), (HXSZFHI] WT GUbH# B £ 5m (93%~95%) .

KI5 GO JZIRHR A ZH 2R 0 B K S AL B 82

Fig. 5 A step-by-step procedures and reaction mechanism of synthesizing GO membranes

Xia Z631LL 7, —fi% (EDA). W & (PDA). 8% ik (mPDA) %5 3 Fh — el s B, @it hnEit
U7 AT PES B _E 4 5% 4 GO-EDA. GO-PDA. GO-mPDA %% 3 Rl GO 2R, W7t &L, ASfH
) — el I LLTT GO IR EEE, F8 = EEEHSIRT A GO-mPDA>GO-PDA>GO-EDA>GO, TMiE
BZEEEHEBIINF N GO>GO-mPDA>GO-PDA>GO-EDA. K3k GO JZIRME M) JZ 18] BE1E A A b AL A
SRR oo A ELAE PR T A A8 K, 1T FH TG B AS TR 1) GO JZ2 IR S DR i C-N S (A8 20300 i i3 o 7 Aek 6



GO-EDA EARBEAEK i) Z BRI/, RIEXT RIME LA foe i 1) 22 e

HERHEB L GO BAF, Jiang S58B4 GO 43 5545 MM TiO2. Ag UKL il s I 7 i
F R T AR H ) GOTi Al GOAQ WK &4, T LASRIA A B i (B A2 Ik m), Jid 3723 3 i 5 U 7E PES
FE_E )RR BRI GOTi F1 GOAg JIR. BTSN, XLRIGLIREE MK GO E & RANGE S AL
WERKE, T HILBA IR IR ERIATERE . Soroush &SI %G 1 T GOIAg WAKE &Y, A
J& UASREE 2o S B8 GOIAg 40k 2 &3 it 5 TFC FO B & IRt 4E &, I 70 R Bl GO/Ag Btk TFC
FO & &M HA IRk M RE OKEAl A 9 25°) DL H (B I B IR e OR R AT B 40 248838 95% ) Zhang
SFEIOCIR F At SR . (1) LA 1 wt%Z i (EDAD RACIA, did i o e T s AE SRR e e b 2%
GO&EDA H&; (2) Fi 1 wi%f) HPEI X GO&EDA & & ek, #1452 GO&EDA HPEI H 4.
EHEFR R : (1) SINCIEReiRmE S B E LR, FRIER GO ki ZGrKIEE, MiitEm
HEMIEE; (2)GO&EDA_HPEI & & B A & (1 F T v far 25 B AR AL HIBE 77, X Mg?*. Pb2*. Ni2*,
Cd?, Zn?% M B FIAR RIAF] 90%~98%. Zhang 7RI HPEI X o 23 4F 4 St AT ok ik, AR5 4
B S A Y AT BHRUTE GO M I 426 GO M, Z LT Ph? .\ Niz*. Zn* & & &
T HILT] 95%, ACGEEIAF] 4.7 L-m2hlbarl, 7£ 150 /N 14K HAGRIE S0 2 30 H 00 X e T e
4. FTEERE

HIH 4l A SRR AR BT R0 BRSO SE R BRI SR R, JUHAE A SRR R T BA 2 5T N T 6
BME AR R R 5, GO FE VAT KoK A BA RAF #8115 GO 724 B A Kk 1) B F 4% 52 H Bk -
TE 47 F IR A SN —4E A BIEGURM B, BeA SIS IE M 5 W Bt 2 A E M T 1) Trade-off 2%
Bi, MU TP R R fe e e ae s, Bt RIFIM AR (HFE B, GO ZHE/KTLF
53RO G AR PIEEGRI L. B, 8T RIS R YA BIRAKARE & 7 T4 B 5k
B, GREX GO HHTH A IEEE TR T A BHEIHIE S, B4k, Bt FRS
Ear TR R S0 TIE R RIFAHENE, T8 m R S 2 TR A5 14 5 1t B ot A SR Bl
HEPAMEL, DU IRIEAE & o> TR B 3 5 00 8. Fk, Il st siAR e . 38—k A 3805
HE G EYRMEL, R TIHIE S0 TR AR R R AR 2 —. &5, Wi —4en S2mgrK
PR 2 S [ 5 7 70 40 1 ISR BT A RSB P HE B, B 1 A SRR 4R R K e A e R 4 T
JEEL G P i o, BRI I 22 A, R AN AL )
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