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polypropylene membrane, MPPM) iy F E. A 51 19 /1
SEPERE R B Al oA AR E M R A AR S R
B 78 A £ 40075 3 107 1T 5 RO — R AR
R, JoRE AR YRR RBE ALY, By T RE R
ARBRESESEE T AR EENNREME
e Nz Tk H PhC I ) #8519 W Bt oo 25
WFgE A 5T 5 5 BOBE AR o D B B AK e
MPPM A $E Bx Ph (1) 2 7 B A 45 7 i1
BIPERERY 1IPs. MPPM & — i Al 2 i 1 5, 2 i 35
A AT R A A S B 1 S A AR S A TN U TR
HBCR A TR R B T AR,
Mol 73 MPPM SZ4%-Pb (1) & 5 BNk &2 & i, Jf
FHETEGHEYN PO B THES 5B ELE
PERE.

1 LIEER4y

L1 A5

MPPM H 7 [E] Membrana /4 w4 77 F- 2 fL 42
0.2 wm,fLBE R 2 75% ; 5¢ BB ( chitosan, CTS)
W T AR B A R R R 1-(3- 2 &
L) -3-2 el — 0 e dh iR 4k (EDC - HCl) (N-3%
SEBRIAE W e (NHS) 19 A g 2t {2 BHBCA
BRZY 7] 3 N R (acrylic acid, AA) Oy [ % Wk
AR A PR 7 A e A R R A TR
FHE (BP) , b3 SRR Bl 50 T A= 57 5 36 A /N b
(epichlorohydrin, ECH) \1E BE kel A I i1k 7 1k
VBT s UKEE IR \TC/K Sl AR R (BRI A 8
AL B TR N R B R AT L LK SRR B LT
KT T2 e ey 1 245 4 AT A 2 R A R w5 DL
W5 4 R A

PHI-5000C ESCA X-H} 285G T RE i, 36
Perkin Elmer /A &) ; Nexus 470 % % ik 4 )2 9 21 4p
Y63 , 32 B Thermo Nicolet 2y & ; CTS-200 7Y 3% fih
FISE A, 7 I R BE R ECA FR 2 R 5 AA-6300
BT W O AL, HAR B A s K
SHA4 B 7 B B STRION-100, fif 2% FEI 2% 7
BOMDCHEACR G R E (PRS00 W, EE TAERK
365 nm) , 524G A il
1.2 Pb(I)BFELEEREMH &

F3CHR (33 177 %5 MPPM R 1 #E4T AA 65|
RIBRCR A, Bk B 2% 2 79 B vk )
MPPM 7£ 25 mmol/L BP/IF B¢ %t 5 W 1 17 #2 60
min, B H AR, 6 BP @3 5] MPPM . TN
¥ 3 ~4 s Jo, A4 JBE TR 0 M 5k o 48k A, OF

BTEIFRIMA 7 FEAZ 2 mL 0.5 vol% ~4.0 vol%
AA VAT, 220 IRET 15 min EHE IR £ 5
TR B Ve HE T BT T8 & 1. 75 6
B ( MPPM-g-PAA ) 3 [fi ¢ T4 5 12 10 32 45 % (6,
pe/em’) R (1) PEATHE .
G, =t (1)
A Am

K, W, R W, 4> 3 MPPM Fll MPPM-g-PAA () i
1 (ng) 34, 4 MPPM fifi B (em®).

¥ MPPM-g-PAA & A 5 mg/mL EDC/NHS
(EDC 5 NHS JEE/RHEH 15 1) (947 1 R 28 v i
W (pH =5.6) 1 ,25°C F 4§ % B 90 min. B
FFF R 2% vh s W P vk 4 W, IR AMREE R 15
mg/L {5 CTS ¥ iR ,30°C FHR % I 12 h. JZ B
J& P22 8 K 2 520 Ve R 22 5% B 9 CTS,40°C F
B fE T A5 3 1o R & i i MPPM
(MPPM-g-CTS).

Ph( 1) 8 7 E 3 3 72 2 4 MPPM-g-CTS i
A 10 mL ¥ 22 250 mg/L ) Ph (11 ) 25 F % K
(pH =6.0) H, f6 i& H2 5% 24 h, i 2% & W% B - i,
SRIG 288 T /K 2 & o sk, L 28 0 34 VR R IR
F Ph( 1) BT P 4% & W Pb( )BT
B MPPM-g-CTS 3= A 3]k 2~ 4.0 vol% By ECH
SR, N3R5 N 90 min, 2R 5 B A
pH EH 2 9.0, 4k 2L 4R % [ i 1 h. W 45 )] ),
PR 1 mol/L HCI 2 &2 Ve U4, Bk itk Pb( 11)
BT RS KR LB T KIS R, LA £k B
M, 40°C F 2025 0 5 40 & 115 (19 MPPM 3 -
Pb( 11 ) & 7 E1 i 52 45 5 ( MPPM-g-11Ps ) | Ji5 3% Tl
IPs R (G, peg/em®) TR (2) AT
T

W, - W, )
A,

X, W, R W, 435 MPPM-g-PAA il MPPM-g-1IPs

(I (pg) 34, 9 MPPM (i F (em?®) .

Ak B3 5 ( MPPM-g-NIPs) B i 55 , B T A4
MPPM-g-CTS jit A Pb (11 ) & + i W #1745 &
W B A, LA A0 PR MPPM-g-11Ps (14 i £ AH [
1.3 BREYRIE

K ATR-FTIR 43 # B35 52 45 st il 4 5t A o
JI5E 2 T L A ) A2 A, A T R BUBE (SEM) -BE i
TR X OG5 AL (EDX) J3 By 15 3 T N2 48 T 1Y)
T S JCER 5 A, XPS 43 B K i 32 181 41 6 S 4% 7t
BRI X B A AR U v U e R TR ) K i A

Gm’s =




5 1 AN 24 () 5 B3

I A B Y ) A S HC AR BEWE T 263

1.4 [R4/KBEMNE

W B A Millipore AN 4589 i g &, 76 0.5
MPa,25%C '~ 8 4l K #il & 30 min, 88 )5 % & &
0.1 MPa #k2Eiz 17, Jf I W /K Gd &, ff KA 2 )5,
B34kl Jy (L/(m®+h)).
1.5 FHESEXW

FHC 10 mL — & ¥ & (50 ~ 500 mg/L) iy
Ph(I1) B F W, & T 2 IZEHEIE b, 415 % W
i) pH fH (3.0 ~ 8.0), it A MPPM-g-1IPs ( 5¥
MPPM-g-NIPs ) ,30°C T 18 ifft #i 3 W Fff , 18] B — &
P T] BB A R, SR FH D W AT 4 16 16 BE 0 A
W Ph( D) B 5 e B2 JEXF Ph (1) B 1 HY T
B Q (pg/em®) #AR(3) AT

V(e, —¢,) x 1000
Q= A (3)

e Fll ey 43500 g W BRI S i Wb P (I ) B 5
(Ve BE (mg/L) s V RIS MIRF (L) A, R
MPPM i 1 (em®) .
1.6 BEEEEIE

Al 2 A 5E4AH A ) 100 mL % il 09 3% 35
(2 FI 4% 32 ) , ¥ MPPM-g-11Ps ( 5, MPPM-
g-NIPs ) [ 5 T P> B 38wl vp 8], 20 H AL 2 i3
e A o B BN 2.5 em. {3 453t o
A50.0mLPh(II)5 Cu(ll) (8K 2Zn())RE
BT (MR BN 1.0 mmol/L) , 552 Wb fin
A 50.0 mL £ F oK, BB pH {H A
7.0. FERLWEDE PR T OB ik — 2 B ) JE BORE , R T
WAL 3 6016 B2 T I 5 422 A2 3 v 2% T e vk R
THE A B 135 i

2 #R5®

2.1 MPPM % #-Pb( 11 ) B FENiLEE & IR A9 H
&

MPPM SZ#5-Pb (1) & 5 BV 8 52 5 JIEE 1) ) o
PLEEANPE 1 iz, i T IE B e B 6 42 ol i Ik SR N
H , MPPM e 5t 070 — 2 W1 i ( BP) /1E PE e ¥ W
R, BP 2 T RERS 5 & B MPPM 1) 53 1§ [H]
171 A B SR8 5 R ok AR SR IR SR, MPPM. L
AR IR BP 2F O A B A 3, R K AA
1E MPPM | B ECR &, fli AL~ 5 119 MPPM 3%
AT b A 2 3 P A A R R 5 I R T B R Rk A
EDC Hl NHS #) 4 IR, 5 46 o B8 55 20k 52 I 19
P, % We 5 CTS rf i & 3k S I, filff CTS DL % B
IR k& ) MPPM SR 1, I il 2 T 4 CTS & i

f) MPPM ; MPPM K [fii |- /) CTS 7E K g ik 5 | 8
P L EIEEIRE S Ph () BT W% S
P T B A ML ) A 7E K T Y CTS
s I ASCEC R ECH, R A L 158 5 CTS 4 74
B B R A T I N LS TE R SR AT S
T 555 —4 CTS 4% I (% 2 238 i it HCL i & &
SRR T ZE Ph (1) 85 1 J FRIES 52 1k
MREY 0 HCL Bk & Ph( 1) B+ )5, fEAE
BEYWHET TS Ph(I) B 578 RF R/ 25 1]
SEN A S A AR A UG A FL o, AT 3R A
Ph( 1) &5 Ep il & 45 .

MPPM 2 1 5% 1) B 7K M S ik = Ty fig 2 AT, fff
HOME T CTS e A AN 35 B 1. 2R TR I TR 22 A5
J AN R 3 i B 1 2% T SR K P T EL I e A R SR
15| ABEFRT CTS B b 5L & Az I I 1) 37 7 2 .
K2 BoR T RNBRIERCR(G,,) 5 G, KR,
AL, Gy BEFE MPPM 3% T 5 N 4 1R 1 51 A B
WK, BB G, B3 KIS K. X2 R G, 1
B, MPPM 2 17 7% M F2 BE 1 o b 25 42 o, b A2
HETEZ 0 CTS SRR R R 1H ;Y G, ik 5] 448. 6
pe/em’ [, G, T3k 3] 357.7 pe/em’. {H 4k £k 14
K Gy, Gp 3G KM B 0 0ok 22 .

2.2 BEREAMNLZEABSES

SR ATR-FTIR % MPPM-g-IIPs i £ i 2
B % T L A ) AR AR R AT T A, A R AN 3 TR
MPPM-g-PAA 7£ 1720 cm ' Zb IR T C = O i 45
PR B W i . CTS &M 5 , 76 1641 em ™" H 3L T {1
e s il 9 30 A 06 L 1558 em ' Ak B R I TT 4 19
Wi 0, L R T IR M B B B L 1720 em T Ak C =
O 1) ffr 45 i 3 W e e BH 8 96k 555 , 9 ) A% % B0k 2B
s 2 1714 em ™' {37 & ,3354 em ' &b 55 H 58 (9 %
Wl 9 J& T CTS 4314 N—H Fl O—H [ f 45
s g i i DL b S, CTS i i 4y 1
ERERE S MPPM-g-PAA il b (14 B2 5 BV 1
AL E) MPPM £ 1f. il A ECH J5 ,1641 cm ™' {1 %
5 i1 30 W% U 04 AT 3354 em T b N—H i 45 3% 30
W WA s 9 55 , X PR g CTS 43 T4 FAH & L i
SR TR 43 4 B UGN e 1 I RS T IR IE S
THERRME 2 F R, CTS 5 ECH il i3 R 4B 1 JT 2R
FE HCL e A 22 Bk SN

R T E 2 UE S B ) e R SR I Ak 2 A
B AL X L #EAT T XPS 43, 45 2R ULIE 4. 7] LA
F F|,MPPM (13 [&] |- XFE 284 eV Zb L Cls 1)
R WNIRTRERCR B 5, 76 537 eV Ab¥Gm T
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Fig. 1 Schematic representation of preparation and imprinting mechanism of the MPPM-g-IIPs
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Fig. 2 Effects of G,, on the grafting rate of IIPs 3500 3000 2500 2000 1500 1000
Wavenumber (cm ™)
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Fig. 3 ATR-FTIR spectra of the MPPM, MPPM-g-PAA,
MPPM-g-CTS and MPPM-g-IIPs
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Fig. 4 XPS spectra of the membranes: (a) MPPM, (b) ﬁ%%%t‘jﬁﬁ N ﬁ%,ﬁﬁﬂ%?ﬁﬁl;ﬂﬂ%%%ﬁg
MPPM-g-PAA, (c) ~ (e) MPPM-g-IIPs with Gp, of 81.3, H;%EF'K/E\E N f[}% ,Fjlju N fﬁ?ﬁlﬁ‘]ﬁ}?ﬁﬂbﬁﬁ%
I3 5 D o 54 1T o5 4 A B0

Nls

ol josoag o

174.4, 357.7 pg/cm’

Fig. 5 SEM images of the membranes: (a) MPPM, (b) MPPM-g-1IPs (81.3 ug/cmz) and (c¢) MPPM-g-IIPs (357.7 Mg/umz)

Fig. 6 Cross-sectional SEM images of (a) magnification of the upper part of (b); (b) the MPPM-g-IIPs (174. 4 pg/cmz) and

(¢) magnification of the lower part of (b)

w(N)=1.21 wt%

Fig. 7 EDX mapping images of nitrogen distribution of the surface (a) and cross-section (b) of the MPPM-g-1IPs (174.4 pg/cm*)
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7S TR THI B i A5 K ik £ B TIPs 12 A8 R A AL
fk. AT UL, MPPM 3% I H2 4% 1IPs J&5 , # 25 7K 3% fil £
WY 8 9/, 2 WD I ) 2 T 53 K P ) B A B i, i
Xt 7K R < T S R T B I N A AR A
F. BEAN BfE TIPs i A A0 3K, BVl 2 3 IR 3%
T 285 7K fioh #4132 0 /), 2 T JEE ) S UK AP 228
.

HE— 25 X 1IPs 3% KA i I A 7K 38 2 7 47
S, LB BB E R RE. A 8 R, KRB i
MPPM [ 7K 3 4 J9 (1030 £41) L/ (m” « h) ; B 4%
1IPs Ji5, Ji A4 7K 38 B B 39 O, ELRE R #2 B R 1 48
5 L R, 7E AL %R 174, 4 pg/om” Bif 35 5]
B RAE (2659 £58) L/ (m® - h), WHEA I AY 2.6
5, (EL 20 2 1 DR He R 3, i 5 | A /A G 14 T
TR S R, 5K G i R/ 5l S R
A DR FL AR FL AR LA R S % T S K P
FLB/IN , 7K 3 /) 5 S K PR R KO 4 R Bl
AR BB R, WAL, SRR 5 A SR
RPN, I 3% T 23 7K A 6 55 X K 3 i 4 5 R
Ao L0/ 0N 1 52 00 81 0b 7K G o 49 K {H Y A %
R B — e B G , R K M 5 B0y Kl B R
AN T AR A AL I /) B 52 ) S500EE 7K 38 8 /)

140f 12800
@ 42600 _
o 1201 12400 &
2 100F 12200 3
g 412000 %
g 80r {1800 =
% 60 11600 2
5 ol 1400 =
£ J1200 £
= b ° {1000 &

0 , , , , 1800
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Fig. 8  Water contact angles and pure water fluxes of the

MPPM-g-1IPs with different G,

2.4 [Ext Pb( 1) FHIRMITH

B9 R BN R A2 A MR AR BN I AL A TG Pb
CIU ) W0 B 45 9 8 MBI TT 00,2 b XS Ph (1)
() W W 3 B 2 Ph (11 ) 9 J3E 9 93 DK T 384 , - 1%
Wi T4 A, B F Langmuir %840 T )2 fk 22 1%
B, W2 B 1Ok BT CTS 20 F B R MBS
Ph( I1) B9 EE A1 Bl 2 A BT Ph(T1)
Fi 0% 6 2 T . b I B A A A, 3 o T E
EAEERTNEASWZPIARRENS Ph(I)
B TR RSF RN 23 (8] 454 485 4 37 453,43 A7 HL LT

P LI, RRHR i 1 XS P (1) 85 5 /9 25 A
e, R A R W B o 5 B A A S P (L) 1Y
i BB A MBS T TIPs A5 4% 1% 384 i 484 o, HL
PRI 357.7 wg/em® ST, SR 1R FL B R B
W/ SRS Ph (L) 4 08 B g 2

80

—e—2a
—o—b
——C
F—a—d

——¢€

70 -

300 400

200
¢y (mg/L)

0 100

Fig. 9
Ph(Il):(a) MPPM-g-NIPs, (b) ~ (e) MPPM-g-IIPs

Binding isotherms of the membranes towards

with Gyp, of 81.3, 174. 4, 357.7, 413.2 pg/cm’

K10 g B il 52 5 5 AR B0 G A2 A B
Ph(11) B 1 W82 i 20 7 2 o 2. i 5 V8% A ] 119
JIE R W 3 25 2 T Dok 12 5 B 38 A2 0 Ph ()
F1% 8% o 3 SR A e, 180 miin 39l 5 A 3k 1) 087 R - £
T AE BRI & A R AE 240 min A4 AR 35 B 0% B 1
7, BB B FL OB AFAE A AT PO (L) B 15 3)
AESE M A B 5, [A) Ao e 50 ) B 38 52 & JBE R TT Ph
(1) &7 Ep Il fL AR ¥, Ph (11 ) 8 5 97 BB
N AR Ty it DI L X A E  fih.

50
~0-MPPM-g-IPs
-8~ MPPM-g-NIPs
/

30F

40

0 (ug/em?)

20

10W
0 L L L !

0 100 200 300 400
Time (min)

Fig. 10 Binding kinetic curves of the MPPM-g-NIPs and
MPPM-g-ITPs (174.4 pg/cm?) towards Ph( 1T )

E 11 Wos T ER MR BRI &2 & I AE ¥ W pH
3.0 ~8. 0 JE M AXT Ph( 1) B F B . 7F pH
<7.0 B, M2 pH AR K, BN Ph( 1) 8 FH)
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M B . 25 pH LA 3.0 BEORE] 7.0 i, B
AR BN A2 5 BEXE Ph (1) 51 1 1 B k53531 AL
14. 63 pg/cm” 1 4.65 pg/cm’ B K F| 44. 51 pg/
em® F19.19 pg/em’”, 3k — 2538 pH ], W Bt
B FEAR pH ZF T, CTS 37 i Zd AL A
By KA TR T, S ECHME T AN Ph (D) & 1454,
DR H 3 >4 48 s ¥ pHL A A 1R X Ph (1D 3 719
W RE. B2 pH > 7.0 J&5 , i P B Ph (1) B 1 5 7™
A4 Ph(OH), PLTE, T B W Ph(ID) 25 1 e [
I, %t Ph (1) 5 1~ 19 W B 2 02, i L0 9 4 1
Ty Y FENRAL SR B 5 25 1 BE S 2 1 7 AL N 1Y
i, NIk, o 1 3R A5 AR 09 7 B SCR Y pH
{E R 5 I HE 6.0 5 7.0 JEFFIN.

50
—O0—MPPM-g-11Ps
45 r—e—MPPM-g-NIPs
40 -
35r
NE 30k
S
o 25+
2
Q20
15F
10 ®
—
sL oe——"
1 1 1 1 1 1
3 4 5 6 7 8
pH
Fig. 11 Effect of pH on binding capacity of the MPPM-g-

NIPs and MPPM-g-11Ps (174. 4 ;_1,g/cm2 )

2.5 BERSEEEMN

h T HEE R A X Ph (1) B F 1B iE
VR, BT 5 CTS iR e % 5w
Cu( D) A1 Zn( M) FE R4 e 707 B8R
Wb Ph (1) B 78 B9 38 AR Bp 3 &2 & b i 8
BREPEPEN L. W12 v LA, PO (1) B F i
HAEESEGBEMEMERES Ca (1)
Zn( 1) B 1 A 22 K K, i B 3E B1 G0 &2 A 58 Xt
Ph( 1) B FHBERAEEN. AX FOTE S
A, R [R) A RS ) Y P ( TT ) a8 s 5t 138 28 R AR
W& TCu( )M Zn( D) B (WLIE 13) . 5 i
FERCAH N e B (L3R 1) nT g, BNl 2 &
BEXTP (1) 8 F 18 i s B 7 B e K 4k
ERil 5 A . 2 B ] 48 h B, BS54 %t
Ph(I1)/CuC L) A1 Pb( I )/Zn( 1) Y & 45 14 A
T30 09 3. 43 F103.93, T Ak B3 5 A BB kB
PER 73 1A 0.84 F1 1.09, 156 W BN 76 &2 & Bt
Ph( 1) &+ HA RIFHE &R X E)

g+ o Pb(Il) MPPM-g-NIPs
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3 t
ER $ I
€
=
° !
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g ¢
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£ 2 ® 5 ¢
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Table 1 Flux and separation factor of the MPPM-g-NIPs and MPPM-g-1IPs (174.4 pg/cm®)
Binary metal Flux (nmol/(em? h))
Membranes k k
ions solutions Pb( 1) X(I)
Ph(1)/Ca( 1) MPPM-g-11Ps 75.89 22.11 3.43 4.08
MPPM-g-NIPs 24.74 29.55 0.84
-g-11Ps . . . 3.
Ph( 1) /Zn( 1) MPPM-g-1IPs 77.76 19.77 3.93 61
MPPM-g-NIPs 27.13 24.87 1.09
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Abstract A novel Pb( II ) ion-imprinted composite membrane with microporous polypropylene membrane
(MPPM) as support was successfully prepared by covalent surface modification and ion-imprinted technology.
First, carboxyl groups (—COOH ) were introduced onto the MPPM surface by UV-induced grafting
polymerization of acrylic acid (AA). Subsequently, chitosan (CTS) was immobilized onto the surface of MPPM
based on the reaction of carboxyl groups with amino groups (—NH, ) of CTS. Finally, ion-imprinting was
realized by coordination bond effects using Pb ( I ) as template ions and epichlorohydrin ( ECH) as
crosslinking agents. The preparation process was verified by attenuated total reflectance Fourier transform
infrared spectroscopy ( ATR-FTIR) and X-ray photoelectron spectroscopy ( XPS). The morphologies and
elemental distribution of the surface and cross-section of membranes were analyzed by scanning electron
microscopy (SEM) -energy dispersive X-ray spectroscopy ( EDX). Static water contact angle and pure water
flux measurements were also conducted. Results show that the imprinted composite membranes have satisfactory
surface hydrophilicity and water flux. When the grafting rate of the Pb( I ) ion-imprinted polymer reaches
174. 4 pg/cm’,the water flux is (2659 +58) L/(m’+h). The adsorption affinity and permeation selectivity of
the imprinted composite membranes were evaluated by equilibrium binding experiment and competitive
permeation experiment,respectively. The imprinted composite membranes show higher adsorption affinity , faster
adsorption rate and better permeation selectivity towards Pb( II ) ions than the non-imprinted counterpart, and
the permeation selectivity coefficients relative to Cu( Il ) and Zn( Il ) are 3.43 and 3. 93, respectively.

Keywords Ion-imprinting, Microporous polypropylene membrane, Chitosan, Selective separation, Pb( II )



