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Fig.1 Illustrating figure of RO membrane-fouling

[(BEETB] FEZEARPAES TSI H (51238006) ; & A 427 Rk L IURMIFEE 410 H (20130101110064)
MEBEN] ok K, 19724F ML B e BN, 802 55 5 16 0 R4 S5 B AR ; B-mail : linzhang@zju.edu.cn

30 HEIERZE



3 EEEEmER

35385 L 1) 15 Y aod R ) S I T e ) S i R
T S5 Gy 575 e ) 2 (A1 AE K 52 47 v 9 A ELAE
FHIE R, DR, 520 S2 03 R 5 1 Je ) Z (A1 AH AR
IR R R BB 5 Y N £, £ 24
6 5 135 W SR I SR /KM | R T P AT | I8 3R T REL RS
JE A B e 4
31 FEREFEKME

FMEAK MR B 15 B E M3, AN M)
7K 308 e T L X 8 1 V5 e A 7 S B A S T A
Fo SRR OB B IR A A KRR A,
H 5 5K FI A, XK 5140 TH 7 HES
ARAS, 275 Ye Wy 1) R T I, 33X J2 K
FIAG R BHATAE R, DR B3R 18N 5 BT e i
(WIE2) . HZAHR A RBE R K R,
D T VA PR VR T I B BELAR K 2%, DR T &
5 S KRR TS Y ) TG e i g s
B W T ) K MR OB B s . (EAS
TR X TR KM TS Yok U, SR K PR 1 B R
AT TR S5 YRR

2% N

U
iz § @ @ G O O

spkEE COOH COOH COOH COOH COOH COOH
risEE BN

B2 FRESARERZSEREMNREKE
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surface and contaminant

3.3 tHKEE

35 375 MR 3% T RELRE 3 %) 3l o K J 95 e A
B SO o SR TADRELARE 55 3 et D) By = 1 AR
FENEHE I, A% T R 1 ™ A6 i 4l K e 2415 3]
Peimr o SR, REURE FE 038 fin -t R AR RS Qe 42
Tk R B E R R RN R 3 7 ) 5 B T
VAT MR B RLREET , 15 Y Wi 545 ) BHL%E
T J5 3 T PR RELRE S5 A8 v, AR T b 1 R e
HR A A A AN R e 72 0T DL R A~ B B
S BOA TS LRGP B, BER T 515 Y Z [ Y
A EAE R e 1 G Yl B2 Y ISR T 9l i e )
6 I DU A B B, I R i Y5 e R (1) R 36
FE R i5 g ) 55 Gy Z 8l AR EAE T,
Bl 4 B

o B
TGRS IR A 2 AR A

g BB
SHRY SR BIEH

E4 FRAERERSIEESENAEAME
Fig. 4 Two stages of membrane-fouling process caused by

surface roughness

34 BRMER

VSRR AN M 5 e ) 5 B3R TR PR 5, 3
SINPEEAN VSR ) T SRS 7 AR EE L, 1T 5 )
RSB IRy B HERE RS Jead B2 . B IR

2014FE165F7H 31



T TG ) MR R AR B LR A7 A
A DR TR pHL 2 52 Wi i 46 3 e g 2 I 1T ) R
AR BT TV TR E VA VBORS HE A5 X R Y 3
SHPERE AR E R . VRO RE O, I SR ThT
A SIS R L 5y 1R R 22 AR IR G, BT
IS Yeid B o W ZEMAL T 5B Y B 38 328 M i
R BRI Al A , a3 e e 25 M A T B TR

HATniE
4 REmsHRE

4.1 ZITEFTEREA R

JKRH BAA 18] 25 i (MPD) 55 9 AH SR 1 25
I E S (TMC ) 3 2 571 2R 5 1k ol 48 2R Eﬁ’ﬁﬂirfi{ﬁﬁ
SRR LT iy SRy A &) 5 i, o

TMC

CIOC COCI

HB53 TMC 1 A I 1) T S8 3k A e 2 LU S K B2 Rk 1Y)
WA, X — L] 32 2 B B A B 5 40
PRSI o e TR B A iy 5 T S AT A 2, D)1 2R
B S I 5% B Tk S 2k A ) i 28 1) R B g o
% . [, bR RE A A1, 8 AT LUK A fE 1]
AR R /INIBEA T 455, 0 T %o I 1T 118 2% 7K P AL
B BEVEAT AR . Li &6 A BT 9 78 = ok S F U /i 4
AR, 5 MPD S BT il 48 19 52 6 B B O Gl
IR, Liv 4G 8T AU BE FA A S-S SRR IR
SRS (ICIC) it 5 MPD 22 8] it 5 11 58 5 SO
il 8 i G 1) SR MR R IR B B B T . R T SR e R ik
FEHE T —NH, .—COOH 2555 /K PR A1, i 5 2 11
AT R 25K O HL SR v AR e 8
A",

ln 3
2\

H5 REBESEREEESTFEHO
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4.2 FEYIEM I
&ﬁﬁﬂ%ﬁﬁ%@k@E’HE%‘%E%%F}EW
e, A F) T P K E B a0, TR R
%7k$i%4%—ﬁ?%%ﬂ%%%ﬁ%7k@muﬂ%%l@ﬁ
Bio BRI NREZ MR R A R
A 2RI KA Y o Yu 5538 i 78 SR Mt i
FREE T TR 7 — )2 A 1) K PSSR ) (P (NTPAm-
co-AAc) ) A & v M % 1T S KM A i AR R R R
JEE R FH AR T 0% 2 1 o oy AR R 8 o BT 4
M AMKE eI, Zhou FEE L HHHELAE A M E & A
FE 1 3R SN W ie (PET) Wi S 380 5 3 1o, ok 722 A3 T
(AR PRI e B M S A S A ERE . 3R
CIRBE(PVA) L FR YR B AR SO i 3R TH LA 5
FLRAK M, Tang SE XA [A] B B 2 1HTHEA TR 5
A3 M7 % RS E BT FH B PVA T 18 2 A RE fi% 184

32 chETRMS

[10,11]

TIBE A4 21 K T EL B R FE 2 i % LR 2, L K%
R AR B2 T Y LT o EL bl TR JZ SIS B
BRE T, v DU 375 Gk A0 5 v o DU R K
it BN ACHT Y 2, Sagle 55K 3R £ BN A IR PR
(PEGA) S HR = ¥ B B R T, JREEE 2409 2 pm ., %
AL 0 AR ELA i A SR AR R SR I T LA A T
TR MBS Y B T SRR RO, B
ARGF B 15 R VERE™" s BRA LK B, S &
IS T U AT % 7 44 K URL A AUE T . Moshe 45 41
PET 5 i 25 VR HIFE - 242485 34 nm A i 1E FE
(R 299 R IURE , 308 it JF 5 I R 22 (] ) L 5 |
TR AE R T . DR R e B O B R T
ROR, i A S B3R A0 AKBORL S 19 s i I B A AR B
(R R R RE , BEA R LR IR T A A= 5 ™ I
BB IR S YIRIZ WA 6 P



—(CHZ—?Hﬁa—fCHZ—clH)b—

NH
C=0 Cc=0 (\NHz (\N/\/ H
[ [ Negp N A~
IIIH OH H H n
/C{I HZN/\’N\/\NHZ
nc CH,
P(NIPAm-co-AAC) BEL
o}

I A~
Hzc=c—c~<OCHZCH$7OH n
H 7

OH
PEGA PVA

Elo REERRTERSWHRE"

Fig. 6 Polymer coating on RO membrane surface!**"!

4.3 FELZMIE
431 AR@ipa

FH 2R ok e S35 385 O3 5 12 )2 A Ak 22 S5 Ab T LA
B, H A (8] 3 a4 A 24 Fn 4k 2
), IR A S 0L 1 o S 6 A A At 17 B R R B B HE T
LAMERERE 1o FRBEEMAETE REIE I BE R THI Y SR K M
AT BB BRI G Yot i SR . BRI, RO UE A
Sy EPERBIRTHR T, Al X IR R T R4 T T2 A PR f 5
5 1AT 114 Tk P B0 7K S, 0 8 R 1 ™ A T 22 1Y)
FK M E SRR HOk B s Ytk e . F T AL
PSR 1T A Ak 22 R A SRR R SR (IR R
VIR . RBIBERW TR AT R NEE L2
SRR R D B T (1) 2 K PR RE . Mukherjee
5 DR BRI A S TR/ e R TR B TR B TR T
R Bl A B A TRD B ZE K R Y 5% K M A
%%[23,2410
432 BHHOH

28 FUIRTR A I il £ 00 JE AR 28 OB I B SR T AR
AR R R M BEESE A, rT i R AR Ay
S I LA T S A & A e kT S
PRSI M . Kang 590 35K 19 PEG £ Br i
R B B3 R AR T, R4 e SR 1 14 55 K P 4h , PEG
B B AR B0 50l VR BB XIS i 247
B BELASAE P, s ad ey vk, S BE T PELAE
LA R, Bz, TMC | &5 MPD 520 1
T S8 i AT e 2 K i Ay PR | DAL P R B T
AN A S BN [ 9% 355 R THT A el MR, Kang 55
ff FH I 7 ik S B0 T I 1 PEG £ 19 #5457, Tira-
ferri S5 FH £, — e 5 B8 3 22 8] ) S DK BURE R 400 K
& (SWCNs) A [ 7 7 [ 15 3% 2 11, F FH SW-
CNs AT MERER I = SR B R M GE . 2525

W, B SWCNs 1 S B I AE 1 h AR fi st ] T
AEARIE 60 Yol KM BT, B HH BChF B A= i G
PERE™. 300 ARG R M R8s B ) 73 8 =
(S M VRO Sy S S R L £ T B B o
T3R5 A SO, BE IR AR bk b Bl
AL, AN 7 B7s o ATARYE R BEET A R R B 75
S A IR 2 1T 2 R | PR 1 o A BORLAS JEE , 2 I
R FLR 5 G PERE™ "

o o o o
N. H ! (”J HN. H (”J
) =0 =0
P L ~ ] Lo
B A

E7 HHREEREERSEERE
Fig. 7 Modification of RO membrane by free radical

grafting reaction™'

44 HEME

FESTE R A A v A A s AOR R N
SN TN TR R S B R V5 G P BE A s . X s
N TN AT S ) B B 2 s Ak A S I 1 AR R
BB B B E T, PEG.PVA &858 1 5840k 258
W14 7 2 A B B I 1Y) oy 8 1 )2, LR B A 6 35
B 254 e BB R 1T A0 2 K P o B SR 7K ML N5
A, TEALGY KA (0 i N R H 3845 BT D6
MEM, EHEEEAM(TFC) YA [, UCLA K
Hoek 5 UCR ) Yan T 2007 4F 14 CHE H 40K i 42
A (TENOMEES , 38 1 B gk 20 il 25t NaA-
BB SB B, AN 8 FIF R, R4 0 1 4 3k
VEFE , il 45 2 4 IR0 S5 K HE R AN 3 0 g ) 5
SR PTG YRR R . 4K Ag TiOL IR |
TRAKAE S AR AR Bl A B I ) 28 AL-TeHL A 4
5, 308 35 ) FH TE ML AR RSO [ A 1 R Sfe 2 v B )
Primgetkng. Hri, REEBGORBR AR 14
ETERE , DI il A 0 0 5 e AT AR I A B IR VE

2014FE 1655578 33



55 GRS, 0 R ABURE R A5 JIE R T 4 2 7K P LBk
il JEE SR

2% LB STTE

(@) ®)

B8 BHEASHAEHESREEENTEE™
Fig. 8 Conceptual illustrations of TFC and TFN

membrane structures™”
A
5 45iE

AT fife R 2 35 325 M ) 3 e T ) g A1 S 12
B R REAE SR A 7 AR G E 2L, R Y
BT I B8R OK SEATL R o T R R R
155 S8 5 ) i 15 e 1 BE 7 (7] I et i 32 32 I Y
2y ik ilE N N R DN LR S /N 5
S IS5 175 R i 40 B SO o T 1 ) ) O i 1
[GREE S ZE SN NP GO P h PR JTE e
P A T 1) 5 A L= JC LR A IR 38 i 5
5 —WEFE R TR, TR BERE W35 3 i i 75 %
PERE, SO0 TR o T2 B, ELAN A 0
TR B R 14 7 0 T il TR S35 o IR 4 e () T ) K B
JT e

S5 3k

[1] Lauren F Greenlee, Desmond F Lawler, Benny D Freeman, et
al. Reverse osmosis desalination: Water sources, technology,
and today’ s challenges [J]. Water Research, 2009, 43: 2317-
2348.

[2] Schiffler M. Perspectives and challenges for desalination in the
21st century [J]. Desalination, 2004, 165:1-9.

[3] BRWCHR, BBE L 5k bR, SR BB SO 3 IR Y AT 5T R (0],
2001,31(3):101-109.

[4] Kang Guodong, Cao Yiming. Development of antifouling re-
verse osmosis membranes for water treatment: A review [J]. Wa-
ter Research,2012,46:584-600.

[5] Rana D, Matsuura T. Surface modifications for antifouling mem-
branes [J]. Chemical Reviews,2010,110:2448-2471.

[6] LouieJ S, Pinnau I, Ciobanu I, et al. Effects of polyether-poly-
amide block copolymer coating on performance and fouling of re-
verse osmosis membranes [J]. Journal of Membrane Science,
2006,280:762-770.

[7] Kwon B, Lee S, Cho J, et al. Biodegradability, DBP forma-
tion, and membrane fouling potential of natural organic matter:
Characterization and controllability [J]. Environmental Science
& Technology,2005,39:732-739.

[8] Eric M Vrijenhoek, Hong Seungkwan, Menachem Elimelech. In-
fluence of membrane surface properties on initial rate of colloidal
fouling of reverse osmosis and nanofiltration membranes [J].

3

5

hETERS

Journal of Membrane Science,2001,188:115-128.
(9] X8 8,0tk 8. BBERE YN LA FE ] 1990,10
(4):45-53.

[10] Hyun II Kim, Sung Soo Kim. Plasma treatment of polypropyl-
ene and polysulfone supports for thin film composite reverse os-
mosis membrane [J]. Journal of Membrane Science, 2006, 286:
193-201.

[11] Li Dan, Wang Huanting. Recent developments in reverse osmo-
sis desalination membranes [J]. Journal of Materials Chemistry,
2010,20:4551-4566.

[12] LiL, Zhang S B, Zhang X S, et al. Polyamide thin film com-
posite membranes prepared from 3, 4’, 5-biphenyl triacyl chlo-
ride, 3,3’,5,5'-biphenyl tetraacyl chloride and m-phenylenedi-
amine [J]. Journal of Membrane Science,2007,289:258-267.

[13] LiuLF, Yu S C, Zhou Y, et al. Study on a novel polyamide-
urea reverse osmosis composite membrane (ICIC- MPD). L.
Preparation and characterization of ICIC- MPD membrane [J].
Journal of Membrane Science,2006,281 :88-94.

[14] LiuLF, YuS C, WulL G, etal. Study on a novel polyamide-
urea reverse osmosis composite membrane (ICIC- MPD). II
Analysis of membrane antifouling performance [J]. Journal of
Membrane Science,2006,283:133-146.

[15] LiuLF, YuS C, Zhou Y, et al. Study on a novel antifouling
polyamide- urea reverse osmosis composite membrane (ICIC-
MPD) III. Analysis of membrane electrical properties [J]. Jour-
nal of Membrane Science,2008,310:119-128.

[16] Yu Sanchuan, Lii Zhenhua, Chen Zhihai, et al. Surface modifi-
cation of thin-film composite polyamide reverse osmosis mem-
branes by coating N-isopropylacrylamide-co-acrylic acid copo-
lymers for improved membrane properties [J]. Journal of Mem-
brane Science,2011,371:293-306.

[17] Zhou Yong, Yu Sanchuan, Gao Congjie, et al. Surface modifi-
cation of thin film composite polyamide membranes by electro-
static self deposition of polycations for improved fouling resis-
tance [J]. Separation and Purification Technology, 2009, 66:
287-294.

[18] Kim I C, Lee K H. Dyeing process wastewater treatment using
fouling resistant nanofiltration and reverse osmosis membranes
[J]. Desalination, 2006, 192 :246-251.

[19] Chuyang Y Tang, Young-Nam Kwon, James O Leckie. Effect
of membrane chemistry and coating layer on physiochemical
properties of thin film composite polyamide RO and NF mem-
branes 1. FTIR and XPS characterization of polyamide and coat-
ing layer chemistry [J]. Desalination,2009,242: 149-167.

[20] Chuyang Y Tang, Young-Nam Kwon, James O Leckie. Effect
of membrane chemistry and coating layer on physiochemical
properties of thin film composite polyamide RO and NF mem-
branes II. Membrane physiochemical properties and their depen-
dence on polyamide and coating layer [J]. Desalination, 2009,
242:168-182.

[21] Sagle A C, Van Wagner E M, Ju H, et al. PEG-coated reverse
osmosis membranes: Desalination properties and fouling resis-
tance [J]. Journal of Membrane Science,2009,340:92-108.

[22] Moshe Ben-Sasson, Katherine R Zodrow, Qi Genggeng, et al.
Surface functionalization of thin- film composite membranes
with copper nanoparticles for antimicrobial surface properties
[J]. Environmental Science & Technology,2014,48:384-393.

[23] Debabrata Mukherjee, Ashish Kulkarni, William N Gill. Chem-
ical treatment for improved performance of reverse osmosis
membranes [J]. Desalination, 1996, 104 :239-249.

[24] Steven Coker, Peter Sehn. Four years field experience with foul-



[25]

[26]

[27]

(28]

[29]

ing resistant reverse osmosis membranes [J]. Desalination,
2000,132:211-215.

Kang Guodong, Liu Ming, Lin Bin, et al. A novel method of
surface modification on thin- film composite reverse osmosis
membrane by grafting poly (ethylene glycol) [J]. Polymer,
2007,48:1165-1170.

Zou H, Jin'Y, Yang J, et al. Synthesis and characterization of
thin film composite reverse osmosis membranes via novel inter-
facial polymerization approach [J]. Separation and Purification
Technology,2010,72:256-262.

Kang G D, Yu HJ, Liu Z N, et al. Surface modification of a
commercial thin film composite polyamide reverse osmosis
membrane by carbodiimide- induced grafting with poly (ethyl-
ene glycol) derivatives [J]. Desalination,2011,275:252-259.
Alberto Tiraferri, Chad D Vecitis, Menachem Elimelech. Cova-
lent binding of bingle- walled carbon nanotubes to polyamide
membranes for antimicrobial surface properties [J]. ACS Ap-
plied Materials & Interfaces,2011,3(8):2869-2877.

Belfer S, Fainshtain R, Purinson Y, et al. Modification of NF
membrane properties by in situ redox initiated graft polymeriza-

[30]

(31]

[32]

[33]

[34]

tion with hydrophilic monomers [J]. Journal of Membrane Sci-
ence,2004,239:55-64.

Gilron J, Belfer S, Nystrom M. Effects of surface modification
on antifouling and performance properties of reverse osmosis
membranes [J]. Desalination, 2001, 140: 167-179.

Freger V, Gilron J, Belfer S. TFC polyamide membranes modi-
fied by grafting of hydrophilic polymers: An FT-IR/AFM/TEM
study [J]. Journal of Membrane Science,2002,209:283-292.
Jeong B H, Hoek EM V, Yan Y S, et al. Interfacial polymer-
ization of thin film nanocomposites: A new concept for reverse
osmosis membranes [J]. Journal of Membrane Science, 2007,
294:1-7.

Rana D, Kim Y, Matsuura T, et al. Development of antifoul-
ing thin- film- composite membranes for seawater desalination
[J]. Journal of Membrane Science,2011,367:110-118.

Sung Ho Kim, Seung-Yeop Kwak, Byeong-Hyeok Sohn, et al.
Design of TiO, nanoparticle self-assembled aromatic polyamide
thin- film-composite (TFC) membrane as an approach to solve
biofouling problem [J]. Journal of Membrane Science, 2003,
211:157-165.

Progress of anti-fouling reverse
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[Abstract]

Anti-fouling membrane is an important research subject of reverse osmosis (RO)

and the key to RO membrane application. In this paper, classification and influence factors of
RO membrane-fouling are reviewed. Attention is focused on methods to improve anti- fouling
property of RO membrane, including design of key monomer, physical surface modification,
chemical surface modification and blending modificatio. Prospect of anti-fouling RO membrane
is made as well.

[Key words]

als; modification method

reverse osmosis membrane; anti- fouling; influence factor; membrane materi-

2014FE 1655578 35



