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Abstract The reverse osmosis membrane technology plays an important role in the supply of pure water. The high water production
is always desirable. In this study, a new acid acceptor consisting of the crown ether (18-crown—6)/KOH is used to catalyze the
interfacial polymerization reaction for the polyamide reverse osmosis membrane fabrication to increase the membrane flux. The 18-
crown—6 and the KOH will form a complex compound, to help the diffusion of the KOH from the aqueous phase to the organic phase,
so that the KOH can work more efficiently to catalyze the polymerization. Meanwhile, the 18-crown—6 can effectively inhibit the
excess hydrolysis of the TMC from the KOH, preventing a significant deterioration in the ion rejection of the membrane. To verify the
above reasoning, the SEM and XPS characterizations are used to show that the membrane has a thin and properly hydrolyzed surface
morphology. The membrane performance test shows that the application of the (18-crown—6)/KOH as the acid acceptor can promote
the membrane flux better (up to 72% increase) as compared with using only the KOH (38% increase). Moreover, the use of the (18-
crown—6)/KOH can help the membrane to maintain a reasonable NaCl rejection of above 90%. That solves the problem of rejection
deterioration when only the KOH is used as the acid acceptor with a rejection of below 60%. Although Cs* has a smaller hydraulic
radius than that of Na®, this kind of membrane also enjoys a similarly excellent separation behavior with respect to CsNO;. That
means that the (18-crown—6)/KOH catalyst composition is effective and applicable in future.
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Fig. 1 Schematic diagram of efficientlycatalysis for
interfacial polymerization by using complex acid acceptor
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Fig. 2 SEM images of membranes by two catalysts



FHE S 2015,33(14)

www.kjdb.org

212 SPMHEKEEZERSH

R 38 2 i 3 12 1 49 B 50 A0 52 Wi [ 1k B /N Y
HESRY, 1] 38 SPM O 53 TR A2 158 HEA T I, 5141 3
i DX SR (0 R P, 6 I DX Sl 8 i v s . el 1 3 TP,
il 20 KOH il £ A 0 B A AR 2 B T 7 DX, T

SCIENCE & TECHNOLOGY REVIEW

i 245 A5 SR IR ) A S A < 1 7 IR T AR B R A X S5
SEM FAE " 25K 1 25 SR — 5, 2 B it R AR 1
HURE E (R=62 nm) K FJ5 #& (R=53 nm) , 1fij A fifi FH 28 2 751 1)
R PA TS A & A K AR 0 L e s, RELRE B e/ (R=
40 nm) .

(a) M7 PA

(b) 1% KOH PA

(c) 1% KOH + 0.4% 18-crown—-6PA

B3 AREEBRFILBTRREBERE
Fig. 3 SPM images of membranes by two catalysts

22 ERELETEERSHW

FHICER TS T IR H SC B 5 B RE B (L i A7
BB, XPSICER T4 AR, T INFI PA B O/N L
A 1.26, 1 JCiE 18 45 KOH £ 42 18—crown—6/KOH 4% & %144
FiR 5], B T8 O/N T2 L AR R 25 KOH ¥ i 2t () 38 i i 386 K
XA A R K AR R LS £ | [RIHEUE B OH 5 i+
WK 53 FJ5 242 2E TMC 7K fi# o 1 24 KOH 5 18-crown—6
KA, 78 KOH 38 in A 19511 6% B A, O/N 4351 F
1.47 F11.76 TR 1.33 F11.50, X i W] 18-crown—6 15 KOH [
LA — e AR B A ) T S T (4 7K A S VL (5 SEM 2 1T
TEAEE F A3 —30) | ik e e SR A o FE /K i I = B A
IR 3h BT %, S e 28 43 B R e B M g
23 BEHREFEKEERSHT

I SE A 2 0 B 73 B B %) E B A, AR R 2
FH AR 10T P ) B SR A2 B R R e o 4 X bE T W R
SRRSO T R A A AR th B4 0TS0, JCEE R
T PA R4 fik Ff1 29 65° , {5 FH 48 2 791 ) 422 A 20 T 2 /0N,
HHfeft PR 2R 700 0 R K A 1

80 L 22 K OH
FRR% 18-crown-6/KOH

2.5 6
KOHZR I Fr 53 %/ %

B4 FEARTIEE TRREEMA
Fig. 4 Surfacecontact angle of membranes
by two catalysts

H1 XPS Th2 3 25 5L 00 b & B, 3 S Hh T R i 77 4
AR & A E 2 0K RIS 3 K 410K W, 18-
crown—6/KOH 4545 T S R 751 Lk 40 KOH X 55 7K 1) 05 R0 B
IF 52, A SPM IR 26 T T2 50 40 A Al 2, X S i T 18— crown—6/
KOH 45 B 71 fE T i He 2 KOH S5 Ay I, fdi 7K 73 T RETE 76
3 W 7 S A o R ) Ko R T 2 A P A A NSO
T e A e ELE IR RN, 38 1T BB T I T A B TS e e
24 REEMHRER
2.41 NaCligH&srEERE

K153 18—crown—6/KOH 2% 45 FU A R 77 AU S5, 4300l %
A5 7 S KOH Fd ] 18-crown—6/KOH 4545 75 48 3 77 s
JEEXT NaCLIF W B 20 B PERE . nT& 5 /R , KOH B8 I 43 4
R 3% 2E A B A R e A ) 0 K 3 K T 2
38% (KOH ) Fl 72% (18—crown—6/KOH ) , 1t W £& 2 751 48 132 5
6 T AT A0k M 2 g B e, A, BB i KO A I ) 48 7
SR U AL 1 45 A AU 4 R R ) BE RS 1 B ) 43 2 P R
PRFF90% LA |, TEAN SEM 45 2Rt 73 Y, 18—crown—-6/KOH 4%
BT L IE MR R R 5 K 4 R R AR LR T
il T TSR TMC B 7K A, AR UE T R 65 () 3SR i 43 8

[ —

g 100
B p A —a
Y SR

-A

80 —s o KOH - 80
—a&i——A—18-crown-6/KOH

D—u——u/[ /D\u 4
\D

40+ i i d 140
e Can

20 F =420

0 1I 2I ?; 4I1 5l 6 7l 8I 9I 1I0 lll 1I2 13

KOHR M5 &4 %/ %

5 AEHEERFIEE TR NaCl 5> & 1EaE
Fig. 5 NaCl separation test of membranes by two catalysts

60 -

G /(Lo h)

39 m



—t

2,

www.kjdb.org

##% S 2015,33(14)

SCIENCE & TECHNOLOGY REVIEW

JIEAER B SR A e A HUK . (HE R AS BN i B (e & 5
TR 6% ) , 75 WIAR FT BE K FERE AL, fof A5S3E o PTG
242 CsNO:;BR&RS B RS

BT Cs 7K A B TR /T Na™, il 908 ok S8
X Cs™ B R ik B IR B AR e I B R B B A
TR 7o 7E CsNOSIE W 4T 15 52 95 vh (181 6) , P 28 R4 R
ST B 7K A S 14 52 M 5 NaC1AEG B3 S50 b 52 B0 HH A TR) A9 28 fk
LA, B Al IR 0 KOH J5 BT Cs™ it 15 B3 SR i [ A1, 11 4 1]
5k Ik /K OH £ 45 0 28 1 70 BF, Fly T e Ik ) A7 ZE A ) T OH 42
32 J A R K o R T S AR A K AR (AT R R T
U B ACHRE , DR LG A B Pk BB ORISFAE 95% A AT, SEBL 1% Cs™ Y
AR EA o X5 Na' A A BE SO0 25 AL, 160 BH 48 2 551 %)
JIB B N5 5 M B 11 el AR S AR N 37 i ST R R 5

80 100

d N

]

—&——0— KOH
—A——/— 18-crown-6/KOH

40 1

K& /(L-m?>h)
R/ %

- 60
20

L L L L 40
0 1 2 3

KOH MR £ 43 %1/ %

El6 AEHETILEE TR CsNO > B 1taE
Fig. 68 CsNO; separation test of membrane by two catalysts

3 it

NI S T 5wl s e o i, P < T el 5 T TR
Ja RE A S AR g 2R S N A B K e R, A
HRARE R R BN SOBE R A h T e B T LA AR
T P P50 7 B0 < B Pt 2 A RE R W57 I 74, ELRE
A K X Bt SR FL A Y KA, PR Ik EAR R B, SR T
IR IE JBE R 73 B MRS A o AR SCHE U H A B 1 2R il i
R H 2655 BB IR AL, F TR T AR R B i il 5 i
T TGV o 20 22 4 R T A LA by 28 R 79 4 -

5% Xk (References)

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

[2] Kuehne M A, Song R Q, Li N N, et al. Flux enhancement in TFC RO
membranes|J]. Environmental Progress, 2001, 20(1): 23-26.

[3] Navarro R, Gonzaleza M P, Saucedo I, et al. Effect of an acidic
treatment on the chemical and charge properties of a nanofiltration
membrane[]]. Journal of Membrane Science, 2008, 307(1): 136-148.

[4] Raval H D, Trivedi J J, Joshi S V, et al. Flux enhancement of thin film
composite
Desalination, 2010, 250(3): 945-949.

[5] Gorgojo P, Jimenez—Solomon M F, Livingston A G. Polyamide thin film

RO membrane by controlled chlorine treatment|J].

B 40

composite membranes on cross—linked polyimide supports: Improvement
of RO performance via activating solvent[J]. Desalination, 2014, 344:
181-188.

[6] Xiang J, Xie Z, Hoang M, et al. Effect of ammonium salts on the
properties of poly(piperazineamide) thin film composite nanofiltration
membrane[]]. Journal of Membrane Science, 2014, 465: 34-40.

[7] Karmakar R, Samanta A. Phase—transfer catalyst—induced changes in
the absorption and fluorescence behavior of some electron donor—
acceptor molecules[]J]. Journal of the American Chemical Society, 2001,
123(16): 3809-3817.

(8] BkAk, MFETE, BT, 4. 4— PP BN W Al 1) S 100 50845 1 ) 45
WA LG A ). AR F4, 2012, 33(10): 1730-1735.
Zhang Lin, Lin Saisai, Wei Ping, et al. Preparation of hyperbranched
polyethyleneimine composite membrane using interfacial polymerization
catalyzed by 4- dimethylamiopryidine[J]. Chinese Journal of Catalysis,
2012, 33(10): 1730-1735.

[9] Kong C, Kanezashi M, Yamomoto T, et al. Controlled synthesis of high
performance polyamide membrane with thin dense layer for water
desalination[]]. Journal of Membrane Science, 2010, 362(1/2): 76-80.

[10] Duan M, Wang Z, Xu J, et al. Influence of hexamethyl phosphoramide
on polyamide composite reverse osmosis membrane performance|J].
Separation and Purification Technology, 2010, 75(2): 145-155.

[11] Kim S H, Kwak S Y, Suzuki T. Positron annihilation spectroscopic
evidence to demonstrate the flux—enhancement mechanism in
morphology—controlled  thin—film-composite ~ (TFC)
Environmental Science &Technology, 2005, 39(6): 1764-1770.

[12] Ghosh A K, Jeong B H, Huang X, et al. Impacts of reaction and
curing conditions on polyamide composite reverse osmosis membrane
properties[]]. Journal of Membrane Science, 2008, 311(1/2): 34-45.

[13] Cadotte J E. Reverse osmosis membrane: US Patent 4039440[P].
1977-08-02.

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

[15] Grinfeld A A, Artamkina G A, Beletskaya I P. Oxidation of

nitrobenzenes by oxygen in a KOH-organic solvent—18—crown—6 ether

membrane[]].

system([J]. Bulletin of the Academy of Sciences of the Ussr Division of
Chemical Science, 1982, 31(11): 2332-2332.

[16] Freger V. Nanoscale heterogeneity of polyamide membranes formed by
interfacial polymerization|[J]. Langmuir, 2003, 19(11): 4791-4797.

[17] Gurzhiy V V, Tyumentseva O S, Krivovichev S V, et al. Novel type of
molecular connectivity in one—dimensional uranyl compounds: K@(18-
crown—06)(H.0) (UO,)(Se0,)(NOs), a new potassium uranyl selenate with
18-crown—6 ether[J]. Inorganic Chemistry Communications, 2014, 45:
93-96.

[18] Guida W C, Mathre D J. Phase-transfer alkylation of heterocycles in
the presence of 18-crown—6 and potassium tert—butoxide[J]. Journal of
Organic Chemistry, 1980, 45(16): 3172-3176.

[19] Zhu L, Zhu L, Jiang J, et al. Hydrophilic and anti— fouling
polyethersulfone ultrafiltration membranes with poly(2— hydroxyethyl
methacrylate) grafted silica nanoparticles as additive[J]. Journal of
Membrane Science, 2014, 451: 157-168.

[20] Tansel B, Sager J, Rector T, et al. Significance of hydrated radius and
hydration shells on ionic permeability during nanofiltration in dead
end and cross flow modes[J]. Separation and Purification Technology,
2006, 51(1): 40-47.

(%4 &tE)



