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Table 1 Effect of pH on the composition of free chlorine at 25 °C"
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Fig.1 Chlorination mechanism of polyamide membrane
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Table 2 Chlorine-tolerant materials and their durability under chlorination treatment

S . [CENEVING ES
i Ben
hp =il =) ppm- h SCHi
LB oM oM
O= S © © O5 S O [19]
@HO H HO- HO-O-Ot,
nigle 2
pH=9.5,
/ \o
O
fitd AL SR A | ~>
<—< >—s—< >—o—§ >— —< >—o pH=7.5,
(H) o éc‘? n 80 000 ppm - h (201
N
AU J[N H N C_ H]L 20 000 mol/L 7% (23]
H} PEEHAZ 1 h
COOH
A CHOH CHOH CHOH CHOH
% \@/ H \@/ H +
200 mg/L i1
A NiZ1750 h [24]
N CHOH
H,C
HOC2H4—1|\T
i
N— -
j : pH=8,
; 3000 ppm - h (23]
ik faz OH
fii CF, FC OHCF
H, H pH=5.5,
‘% @ Ad:NC I 24 000 ppm - h [28]
O
C:
V- a Cl O. @] O. @l
R NO3 F F
1.2x10°ppm - h [30]
Cl Cl Cl Cl
O O O O F
" — —<: :>—soz—<: :}—N— —N N/, pH=S,
R BON & Ao @ I~ 5000 ppm - h Pl
1 T AE ST (ppm - h) « 3G PESUIRBE (ppm) x AbFRISHE] (h) ;2 S FH AG Rk ORS00 (L0 EoME 3L AT 5 1 ppm=10°
33.1 FRACRAEAH BB AR H R TR PP A S IR

SREMA e S AR 2 ) 5 1l Bl AL RS A 2R T M

e o7 5%

20145

(0 58 5 i 55 v M g ), T S P E A

1655 7588



5,0 HECEOS 2 1 i AR R B 2R 508
BEREE, 1973 4F, Quentin'™ 5 I & LB I fi {6 2R
BRI [ EL A R K o0 B R | i 2 e b R B Y 1
T, B KB i R B AR B R R R, R A B
TR AL A BRI B % BB B R OCHE . Cadotte!
i A AL AD 3 T 5 PSR IR Z5 4 (R 2R 3R 5
XU A IR ) I SN, & B A 2 A 5 2 A 7 3L
Ty A ZRIR L, Y AR — 25 B AR R A 2
IR B AR SN, 1 BH 38 e A s e A 7R R LS
A R AL SO o H R IR R0 A i Tk
JESERA (HEIRO0) PR L, 5 80 A S 0 AN
— , SRR M IR Ak ) (Ut PR sl SR R ) F 3 — 2
FI BRI s I A& A= (=2 43 a3 BE 28R
B ) 33K S [ B Park" 7R FH T 2 il 5 i AL B4, PR
BRI , 38 I SR v it R AR Ak A R Al B A
) LA, SEB T X SRR Ak B ARSI . Bl
J Paul ™[RR Se i AL AR PR A 1 ik il 4 T
o FE TR A P SRS L, [m) s 4t % i B el Aobes 4 2
AL ERE A B 5, 5 MY 721 BUBRE R BE RF  £5 1)
Tl AL SR AN R AT 510G, 22106 J s A SR AU 11 A 2R
M 73.4 % ETF5197.2 %, Stevens" R T BEIZ IR
JERER BB BH ) i Rk L, 7E BPS-20 HU i {6 2R
(4% IR P NHLNOs , % P NHLNOs 1 LA SIUE
ARG A i AR s R S Bk R ARAR LB R ok 2
MBI 852, 4 BRI 45 R IR 1235 B )
W1 T Ffo Zhang™'7EENESRBURAR I il &— 2528
400 nm 72 A7 1) 3 K ARY 3R 55 A B, LI A 0 B )= e T
VR PVA /K 2 L3R S B Be T Y A 0, il &5
33 T # B3 3% 96.8 %, AT LE 2 000 ppm G AT
Fargisats 36 hi B BN

itk AL SRANGS R 2 T (0 A B LB o o — IR,
R TR R A 1) 5 A B S0 0 T I SR AR /K 1) e
A BT R B [ S 06 BA b HRA R
Hg A S B A I — M ER B
BEACY, T B HA B Donnan B M T L o
(IR, Ui B Donnan 200 1] BE &I MR BA £h B 1
MIBLERZ — o Ak SRR R ARG T v il 7%
FEEMEE R, BEM &, IS T iz
15, 5 320 0 SR I e B A L e B 452 5, 1 M A KR
R TR AR Tl
332 RWELEMAH

B e 3R WIS vl T I e 5 N Ve A 5 B
PESUBARHY H, T S 3L AR AR 2

92 FHETIERF

Konagaya™ 73 31| i F i 17 1 A e 31T g 15 1 A i
TR B B R e S 1R — P BRI TR A
% BRI 5 T S A P A R B e 2R e B A
Pk e 5 A5 W ELA S SR G i G . XUSZ RPN,
N- 3R] 2K i 5 5— G0 H Ik 48 3 — S K Ik S o
BT RBBIE, 75 S N 4x10° mol/L 34 in
| 2x10* mol/L B, 12 5 (1) R b 5 13 £ JL-F- 353 AR
b, 17 L5 A 15 0 4 A EL , HL 3 B8 S il s B &
WA HRS BT, 3RS 0 M ORI S I P 5%
SR A e B AR LA, DT S A T B0
P T AR R T A e U AT 2 5 T REAE AR
PRI, XK AR 5 K A T4 B T B 5
AR BT B 7K B 5 Zhang™fH F -2, 6-N,
N-(2-F8 3 H 2R e 5 (8] 2R = W Ik S 2R A 7 A
RERAFERDUREE L H 5 T BB IR A 1, AL
RALHE SRS RE SN Y e e, RS BB S A
TE BCEEEE , N b (%) B s AR I e i L = %%
£, TSR ARG T Bk e N 5 3 2 S A B s g 9
A AN E I BELE 8 000 ppm - h i PG AL B {47
80 %1 MgSO.H FA 22 o AUt i 2 45 FBE 3 aok 5 | A\
AR5 P (%) 7 BEL DR I8 e Nk 336 P SR o I ) i 4 1
[ R T RIS S i M N 1) 70T e, R
G IR BT AR SR Y A R T e AR
T B ] i, O BE AR K, 4 8 A s P g
333 SRR BRI A

Y T (1) N—H 25K 76T 187 ) U L
HEZNEH 2058 B AR AN U 0t e # 1) N—
H 2545 B RT3 T X SR e i R A T ik i . th T
B e 11 S Ak 2 2 kA 2 oT e — N, 0% 2 T i
LA ) S P 2 4R v SR I Y P S ) R
Wz — i 5 A KR E RE AT, 38K A7 AR A BE
BELAS S 1 A BE R N1 38 55 Orton 51 HE 52 0 4 75 5|
AW b o At 5 | A SR IR A BRI A I
HL 25 % B, DARRAIROR B0 5 306 M S0 & A 1 2% U B
AR, M4t v X T P S T 32 o Yul i ] 4-
FE R T 51,3, 5- = LI O be b A7 AL T 2R
A WA 2] T U PR EELS 3 000 ppm- h, JEEA
J2 15335 PERE RO BB AR (1 500 ppmNaCl JF Rl
BE, 1.5 MPa . 4E = J) T # B R85 97.5 % , i
i 52 L/(m’- h) ) ; Konagaya™{#i Ff 4, 4'- — it 3 —
R BRI W2 1) T L 2R 47 5 ) 2 — R Tk 4l 3R 5 1l
AR PRI B LR, Bl R AR Ak 7 =X



il #5A S B M, M A B R BB I 2 99 % LU
T S RE AL W S 5 T 2R ) R — ) R

Ji , BE7E 50 ppm 3% M A P REFRSE 21T 100 h
PLE B R KRR /N (2,71 Li(m?- b)), X Al BESE
TG Ak 7 ) A% 14 RS B 5K, 78 388 B T K
()5 B At SR 3, 3/ ik — 2R 5 0 2 T
A3, 5- T RIE PR IR Y A5 3 T —Fh
LR RS R 1) SRR o 25 I, TR e B R 2R
Mk S 7 A BH S 42 5, (KGR BT AR 8K La
LI 3, 3R (1-FR - 1- =P H-2,2,2- =5
Fo)-4, 4- B I3 IRl 22 0 e B 5 2R = gk
AT R A 152 T X NaClL# B8 fE 1 KT 90 %
(BB R, = F P 305 AU K T EHER S
AL, T L2 JE P 5 20 ) W P - R ) B Ak LR
TIOR8 B BRI & A S A U %
P, X Lot FRERE /BT (XPS) /T iR, S Ak
PG %R A B E RN 0.6 %, A& 50 1) () 25 —
i 5 4 2% = R G SR Tk e 5 08 37 R 2R 6 ) A A [+
FMFE AT AL 5.6 %, B TiZREYm
W L A = 36U R T S 2 AR AR G R (AR
155 FHUE , RIIZ B I i) 1 A B =2 B R
() pH Z A4 (A 52, pH T 8 B3 e A F B, (A5
()R 7K M3 5, 7K 1S K, WA Donnan HEJ& 8500
B, PEURO R B AR MR AR & Han™ il
T =R MAE R Z 70 RV 50T, KR B 2R 38
FITH] =R AR T U A R 5 T R T
P (HAR RS R 22, HAE IR BN IR A B R

IEAI, X ik S8 BTG R — S 2 A PR B A RE A f ik
70 T 375 P SR R TR A2 , Murphy ™78 BBk S8 25 R |
R I AT R AEFRAR | SE AT L S A, 1) FH X e i
TRk %) 22 T BE AT (AN SR SR R = T I 4 iU R OR
= RS, S OR = W B S R L 2K — F ot
A5 LI 22005 B BicE o B TR A Tk
T i S Y SR W e S B R, BETE 24 h I TE 1.2%
10°ppm- h ITEPESR M TR 1B 1T,

4 £iF

AT AT SR T S A A I S 2 AR P A T 2R
P M G I SRR 18 T S RS LA R M JBE 11 s e (an
SIS AR IR ) b, 5 TR SR e S Ak
WAL BT AS T 0 I, AR BLA B 1045
7 198 X LA TS e R A U ) S e [ i 2R
T e 218 s 95 175 A v 7 B 3 L R T

JE RS, i B A ARG B R AL Al R . O T 2
SETHH R SOB B K IR SR B HIVE L, B T
TERSETRALNS SR LR R S AL LB B S5 , R 1
L LA b AN DRI R AR S T S SR I S B B I &
B T, ML ZN PR AR R BN S S B
BRI IF 4, S T — A8 2 I O 2 B4 7
fill

S 3k

[1] Shannon M A, Boh P W N, Elimelech M, et al. Science and
technology for water purification in the coming decades[J]. Na-
ture, 2008, 452(7185): 301-310.

[2] Petersen R J. Composite reverse-osmosis and nanofiltration mem-
branes[J]. Journal of Membrane Science, 1993,83(1): 81-150.

[3] LaY H, DiepJ, Al-Rasheed R, et al. Enhanced desalination per-
formance of polyamide bi-layer membranes prepared by sequen-
tial interfacial polymerization[J]. Journal of Membrane Science,
2013, 437: 33-39.

[4] Van Thanh D, Tang C Y, Reinhard M, et al. Effects of chlorine
exposure conditions on physiochemical properties and perfor-
mance of a polyamide membrane- mechanisms and implications
[J]. Environmental science & technology, 2012, 46(24): 13184~
13192.

[5] Van Thanh D, Tang C Y, Reinhard M, et al. Degradation of
polyamide nanofiltration and reverse osmosis membranes by hy-
pochlorite[J]. Environmental science & technology, 2012, 46
(2): 852-859.

[6] Avlonitis S, Hanbury W, Hodgkiess T. Chlorine degradation of
aromatic polyamides[J]. Desalination, 1992 ,85(3): 321-334.

[7] Donose B C, Sukumar S, Pidou M, et al. Effect of pH on the
ageing of reverse osmosis membranes upon exposure to hypo-
chlorite[J]. Desalination, 2013,309: 97-105.

[8] Soice N P, Greenberg A R, Krantz W B, et al. Studies of oxida-
tive degradation in polyamide RO membrane barrier layers using
pendant drop mechanical analysis[J]. Journal of Membrane Sci-
ence, 2004, 243(1): 345-355.

[91 XulJ, Wang Z, Wei X, et al. The chlorination process of cross-
linked aromatic polyamide reverse osmosis membrane: New in-
sights from the study of self- made membrane[J]. Desalination,
2013,313: 145-155.

[10] LouieJ S, Pinnau I, Reinhard M. Effects of surface coating pro-
cess conditions on the water permeation and salt rejection prop-
erties of composite polyamide reverse osmosis membranes[J].
Journal of Membrane Science, 2011,367(1-2): 249-255.

[11] XulJ, Wang Z, Yu L, et al. A novel reverse osmosis membrane
with regenerable anti-biofouling and chlorine resistant properties
[J]. Journal of Membrane Science, 2013,435: 80-91.

[12] Zhang Z, Wang Z, Wang J, et al. Enhancing chlorine resistanc-
es and anti-biofouling properties of commercial aromatic poly-
amide reverse osmosis membranes by grafting 3-allyl-5, 5-di-
methylhydantoin and N, N'- Methylenebis (acrylamide)[J]. De-
salination, 2013, 309: 187-196.

[13] Kwon Y-N, Hong S, Choi H, et al. Surface modification of a
polyamide reverse osmosis membrane for chlorine resistance
improvement[J]. Journal of Membrane Science, 2012, 415:
192-198.

[14] Shin D H, Kim N, Lee Y T. Modification to the polyamide

2014FE 1655578 93



[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

TFC RO membranes for improvement of chlorine-resistance[J].
Journal of Membrane Science, 2011, 376(1-2): 302-311.
Quentin J. Sulfonated polyarylethersulfones. U.S. 3709841 A
[P]. 1973.

Cadotte J E, Steuck M J, Petersen R J. Research on in-situ-
formed condensationpolymers for reverse osmosis membranes
[ R].NTIS Report No. PB- 288387, loc. cit, 1978 .

Park H B, Freeman B D, Zhang Z B, et al. Highly chlorine-
tolerant polymers for d esalination[J]. Angewandte Chemie,
2008, 120(32): 6108-6113.

Paul M, Park H B, Freeman B D, et al. Synthesis and cross-
linking of partially disulfonated poly(arylene ether sulfone) ran-
dom copolymers as candidates for chlorine resistant reverse os-
mosis membranes[J]. Polymer, 2008, 49(9): 2243-2252.
Stevens D M, Mickols B, Funk C V. Asymmetric reverse osmo-
sis sulfonated poly(arylene ether sulfone) copolymer membranes
[J]. Journal of Membrane Science, 2014, 452: 193-202.

Zhang Y, Zhao CJ, Yan H, et al. Highly chlorine-resistant
multilayer reverse osmosis membranes based on sulfonated poly
(arylene ether sulfone) and poly(vinyl alcohol)[J]. Desalination,
2014, 336: 58-63.

Parise P, Allegrezza Jr A, Parekh B. Reverse osmosis: C hlo-
rine-resistant polysulfone reverse osmosis membrane and mod-
ule[J]. Ultrapure Water, 1987, 4: 54-65.

Konagaya S, Watanabe O. Influence of chemical structure of
isophthaloyl dichloride and aliphatic, cycloaliphatic, and aro-
matic diamine compound polyamides on their chlorine resis-
tance[J]. Journal of Applied Polymer Science, 2000, 76(2):
201-207.

XUSEZF, ZE0MI, IRTEE, 5 R R -l BB R S
A ESH S PEREL]. m st 2, 2012(04): 833-837.

[24]

[25]

[26]

[27]

(28]

[30]

Zhang Z, Wang S, Chen H, et al. Preparation of polyamide
membranes with improved chlorine resistance by bis-2, 6-N, N-
(2-hydroxyethyl) diaminotoluene and trimesoyl chloride[J]. De-
salination, 2013, 331: 16-25.

Yu S, Liu M, Lii Z, et al. Aromatic-cycloaliphatic polyamide
thin- film composite membrane with improved chlorine resis-
tance prepared from m-phenylenediamine-4-methyl and cyclo-
hexane- 1, 3, 5-tricarbonyl chloride[J]. Journal of Membrane
Science, 2009, 344(1): 155-164.

Konagaya S, Kuzumoto H, Watanabe O. New reverse osmo-
sis membrane materials with higher resistance to chlorine[J].
Journal of Applied Polymer Science, 2000, 75(11): 1357-
1364.

Konagaya S, Tokai M, Kuzumoto H. Reverse osmosis perfor-
mance and chlorine resistance of new ternary aromatic copoly-
amides comprising 3, 3'-diaminodiphenylsulfone and a como-
nomer with a carboxyl group[J]. Journal of Applied Polymer
Science, 2001, 80(4): 505-513.

La Y H, Sooriyakumaran R, Miller D C, et al. Novel thin
film composite membrane containing ionizable hydrophobes:
pH-dependent reverse osmosis behavior and improved chlorine
resistance[J]. Journal of Materials Chemistry, 2010, 20(22):
4615-4620.

Han R. Formation and characterization of (melamine- TMC)
based thin film composite NF membranes for improved thermal
and chlorine resistances[J]. Journal of Membrane Science,
2013, 425: 176-181.

Murphy A P, Murugaverl B, Riley R L. Chlorine resistant poly-
amides and membranes made from the same[P]. 2010, Google
Patents.

Review in chlorine-tolerant reverse
osmosis membranes for desalination

Huang Hai',

Zhang Lin', Hou Li’an"’

(1. Department of Chemical and Biological Engineering, Zhejiang University, Hangzhou 310027 , China;2. In-
stitute for Logistic Science and Technology of the Second Artillery, Beijing 100011, China)

[Abstract] Reverse osmosis technology plays an important role in desalination industry. How-
ever, regular reverse osmosis (polyamide) membrane will be damaged by active chlorine in
feed then fail in separation performance. Here the chlorination mechanism of reverse osmosis
polyamide membrane is briefly illustrated and the progress in new chlorine-resistant membrane
materials is reviewed.
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