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1 SLIGESY

1.1 FE5RF

1S10 BIZL AN 14X (25 E Thermo Nicolet A ] ) 5 Hitachi S-4800 %1 & HH4A4 W s 55 ( H A H 372
Al); AA-6300C B KR T AL (FAAS, H AR BB HEAN R ) 3 STA-449F5 U 3 M (728 F i
B3] ) ; Thermo K-Alpha 1063X S OGHL FREIEIL (XPS, JE [E Thermo A ] )5 SHA-C BUH I KR
LI RALETBHE A BRAF]) o

HNO; F1 Pb(NO; ), (Jli#R4 LLAE#RABR AW ) ;. R & Z B (PEG-600, 11 &5 & ik ERHEA RA
Al); 1,6-0 i (CRHETH & TR Aifb TABRAR) ; W A AW R (PR B A LA FRA R ) 5 NaOH
(REGK RN )3 e 1 — 8 (E 2 AR AR o BT o bral; 58
IS K R ZE 18K
1.2 #egsE"

¥ 0.1 mmol (0.06624 g) Ph(NOs), IEf#AE 7.5 mL PEG-600 H1, fillA 5.02 g BR4EMASFI 1.62 mL 1,6-C
TR R R G TR IR A R RE B IIR A Y. KIRA WA 2.0 mL —WREE SRS N B
B THAEN, 60 CHIFASN 24 he RENJE K8 NI B8 6 AST 4 . KIS A BRI R G Wi . i
T, R 70~80 wm (9 FIURLAE S 5256 FH W B 44 R, FHZE 18K #E 60 CF B Ve iR i, IS & Bk
PEG-600, KX J57F 40 °C . A PHEI T, L 0.1 mol/L EDTA %R 7843 Vet , B2 7015 eI rh A T A HY
Ph* k. SRFZEIBK VR B VR b, BT 60 CHETE T HRA N T8 24 h, & FH eI ERSd A4 )
WCK 1P, B XS FUBFSY , SR AR R 54448 T AN Ph(NO;3 ), WAL, 1228 NIP,
1.3 MRRAE

K JH KBr F A3, 75 400~4000 em™ P, X6 0 BRFATT 5 04 TIP A i EA TL0AMGIE IR s X TIP #E
R A AL IE HEAT SEM M AR AN SR, FHE A 10 °C/min, SR TGA-DSC #AJ3Hr {31
BRI 8 TIP R A 7E 25~800 CHEFT T #HVERE TEIER s R XPS Z0TTE f W BT I A P2 2 A
1.4 IIPX{Pb™HIMR B S236

HEBIFRIL 0.80 g Ph(NOs),, LAZRIR/KIAME, LA 2 JH HNO;, AORIFE & R S 55 Wt , FHZR IRk e 45
Z 1000 mL, FEifil 500 mg/L #9 Ph>fif £, AR ECH] 1% & AR UEF ThRE
1.4.1 YIPHHRIXT P> i 245 0% Bt

¥ 50 mL JIris v PH> TS THEIE N S 50 mg Wt HIR &, 7K I EIEAR 10T 7Ei% 2 R
T LA 120 v/min $75% 12 h DA E Y BT, 108, SR KA JE IR 66 RE I 5 e R B Ph> R AY
WP F AT (1) R (2) 23 BB PO B 08e B 1 e e 20

Qe _ (CO_mCe)V (1)

R= % x 100% )

Horfr, Co 1 C, 530 PH™ A0 46 vk B RN BT I A SR AR BE (mg/L) , VORI IR (L), m R W B 51
T HE(g), Q. AT & (me/g) , R FHEERFE(%) -
1.4.2 FIHEHEEE

L 0.1 mol/L. HNO; £1 0.1 mol/L. NaOH {475 Pb™ i &AW 2 E /Y pH 18, BX 50 mg 1IP 448}, 78
WILGTREE 25 CHI Ph™ WILAHE B 100 me/L R A0 24 ho s UERRE)S , T2 0 R A PH> R B 3t
BORNIA] pH {H T A

1625 CHI pH 4.5 BEIET Bl & OB R BE 2 20~100 mg/L. >R JH 50 mg 1IP B0 FFA 1400 4
W RERY PH™ VA 12 b, 1R RIS, U FIAYIA T PO MR BE TS AN IR il B e g O o

1 500 mg TIP #EHINAF] 500 mL, pH=4.5. Pb* AYRILAHE A 200 mg/L BRI, 7E 25 °C R b1
AR, AN [ 1] a5 OB R, a0 . R BRI E Ph™ MR, 44 AN 3 (3) T A TRI st i) PR e o A e«
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0, m
Hodr, QA ¢ 2RGS0 B (mglg) , oM o B 2R PR

535 50 mg TIP FHEHIA S pH=4.5 (AR K 50 mL, JREEK 293, 303 #1313 K, #IHEHE R 100,
120, 140, 160, 180, 200. 220, 250 F1300 mg/L () Pb* A , AW 12 ho 138 . BB Al i
TP PO RO RIS 2 T I B o
1.4.3 NPHMBINESEF A

¥ 50 mL WIEAHE 9 100 mg/L 19 PH* NN 50 mg TIP 4 8H 78 pH=4.5 . 35 C T HATHHAM
B 12 b LhE 052 LTSV R PO AR AT BE o WA R BRI A W B, A R 4R A 0.1 mol/L EDTA
VAT IR, P 2R K VE TR = pH b BT 60 C AL o 8 TR A AR O B
100 mg/L Ph* V& , B iR BRAE , 150 A VR R B F R o o
1.5 TIPXSEBRIK#E RPb™ R B8 2 EY

VERET B RKFR MK . L5 F R KR & i Ag K2 K O RESL B 0.1 mol/L HNO; 8%,
0.1 mol/L, NaOH J45 & pH 4.5, F 0.45 wm RUIEMLLIE . 3B 1.0, 3.0 A1 5.0 mg/L Ph™*, SR J5 HX
100 mL £ 7K#E, 205 100 mg TP W 5, 78 25 °C R WMl 12 he 333E, 1P S5 A 5.0 mL pH 4.5 f4
ZEIR/K VR B 5.0 mL 0.1mol/L. EDTA ¥ , A #5556 1 BRI, SR 1 WRS0o o B -0 5
TEH P IRATE) PH> B

2 GRS

2.1 HHRERAE
2.1.1 BEMTHRIMNES

P12 TP W AR PH> R (a) . J& (b)BIZIAMDEIER . 18 1 iR a FIfhZE b 76 913 em ™' 403
A B B A SR S A % 7 1) i Sl IR A 06 | 358 BH A SR g A PR SR IR T R A T R BRSO, TIESE T A ARk B4
Ihifil . 11 HhEk a FHRZR b 7E 3415.8 om™" 4b B I ACsR I v] U i T 3R S I BB A4 b (1 —O0—H
FITIBE i 5 h —N—H (W2 IS0 | 7R FFH S T 5 P2 R A W B a0 o s A B 3424.6 em ! A
1613.9 cm ' Kb HVBL T N—H A925 M 3R 30, 72 WSt T4 Ph> & A W, bbb i (A5 A2 31 & 1608 cm ™!
AR PR L a FERLR b B LT AR KU A BRI 1B A, T 2966.6, 1380.9 Al
1248.5 em™ 23BN IR E—C—H 450k 5h . B4h—C—CH; S #iRsh 357 & Ei—C—0—C—
AXTFRARIR S, 3 Lol F= B E BB 4R W B s A A B AR 1 A elE
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Fig.1 Fourier transform infrared (FT-IR) spectra of ion imprinting polymer (IIP) adsorbent before (a) and after
(b) adsorption of Ph*
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2.1.2 FAEBESHW

P 2 2 TIP BRI BFF PH> i (1] 2A) A B Ph> ) (P 2B) A LB (SEM) 81 F I 2A W, I b
T 101 2 B R A 8, W B Ph> I 2 T AR ARG 02 DR Ay Ao W Bl P HE A IR 591 ) 3 1
RN ES R

P12 TP BERMIZBH Ph i (A) IR PH™ 5 (B) 44 H 5 (SEM) B A
Fig.2 Scanning electron microscopy (SEM) images of IIP before (A) and after (B) adsorption of Ph**

2.1.3 MBS

& 3 TP A1 RME B P2 R (i 2k a) FOWEFFF P2 (HH 4R b) 78 2R B g Pk £k 76
50~180 CulH N By i R F A P THE S aR B K 978 & o BT, A 7E 200~600 °C 1% 2l s ok 5
25 80% , = ELIE P Ry il B T = O IR T B EUE REAVRIER B o T B R AR R AL I oA 5 i AR
b, 57 R CO, . H0 IS BRI o FH G T IR BRFAT , W BT Ph™ I e ZORE i 2% B8 A 38 2 i 1 Ph™ 7
ERACIE R AR PhO A AR5k, BT W B R 5% B ) e A i 22

100

80

weight retain/%

1 1 1
0 200 400 600 800
T/°C

FEI3 TP W PH* il (a) FIIEBE PH™ I (b) 760U Rl AR J (TG ) &
Fig.3 Thermogravimetric (TG) analysis curves of IIP before (a) and after (b) adsorption of Pb* in nitrogen
atmosphere

2.1.4 XPSH#r

TTP W B} PO 15 Y XPS 1% 1 UL L T RSO S5 (5 BT ST, KL STA R L, 7% 284, 531 Fl1 399 eV
AbHIER Cls. O1s Fl N1s RFFIE  7E 137.57 Fil 142.36 eV 4b 30 Phaf (RRHAF U6, 2B Ph> 1 3 W it 1
P b W SIB Fi/R, Cls BIZ5E RELEMLI Ph> R %A B AR fk, C—C Al C—N S 1 45 A RE 2 IR B
Ph> Hif e s A B AR Ak, B Ph> R C 22 [A] A AH AR FHIEAR L nT L2 (R C—O SEAYZY & RE e IR B
Jei M\ 286.02 eV 5 5] 288.25 eV I S1C 0f WL, WK FFf Ph* i, Ols 7E 531.36 1 533.14 eV Abfry 2 4~ il
I35 Pb—O F1 C—O 5 WEFE Ph*J5 , Ph—-0 BYSE A RERIN: B LT A MU (531.37 eV), C—O Y
WK 533.14 eV I #55 532.79 eV, 531.37 eV AbHY LI (Pb—O 5 ) 7 W R /5 W] 3858 1, 33002 R i ot
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ENIE A, Ph> LA g e it | (H R IR FEAEN D& Ph™ . WRB PL™Y)E, Ols FUZESREI 533.14 eV 25N
532.79 eV, EME 1P H C—O 48AY O JF5 Ph il 183 S1D b N1s e AT —NH, #AY S5 &
REVR /R NH G4 25 A BESE I, 400 Ph> R 3 oh A9 N JRF & AR T R VR, —NH, SR A e 1 fifi
—NH A RERER I 22
2.2 WA R EEE
2.2.1 pHIEXIIR AR

1620 CF, R 50 mg 1P %} 50 mL #4150 mg/L, pH B 53514 3.0, 3.5, 4.0, 4.5, 5.0,
5.5, 6.0 B9 PO™ I EAT IR BT, W BE 12 b S, TP X5 Ph>* Al R BFH L F RSO SR M5 B R 2. 25 3R 3%
B, TIP X Ph™ AR R 7 pH 3~6 Y PR K, B pH (EXH IR B A RE s/ e R0/ pH (B X IR 225
T, 22 50| S SIS B P BRI B P2 H pH = 4.5,
2.2.2 POUNEAIRERIZIN

T — 5 W B0 45 e L7 A AR TR W R RD B i AT B (m/ V) = 1.0 o/ L) KR, TIP X Ph** ()
R B 0 0 Pl RS S M5 B S3 TR o Ph™ il 25 5 3R Bt 25400 4 A 2 388 v S R 22108 N IS 2
& T Ph™ A B 25 B S 2R MR KR PR RS UL BRA EIR AT . SRR N 24 Ph™ vk BRI A , I
BN A T JE , MR B AN TR K T P> e J38 A v i, 52 A7) Ay B RS o5 R 45 1 A S AS A2 VR o 3
RN ELE AT . L, IE TIP AR Ph* W B A Bl ¥ 5 4 200 mg/Le ZEARIRI S5 F , & 3R NIP #4
B P BHRCR 5 TIP A2
2.2.3 R Bf B iE) A4 52 Nl 2 R B 3h 1 2

WF5E 1 B X R A 5200 . 7E 308 K IRE T, SR 50 mg TP X} 50 mL #I#RHEBE R 200 mg/L, pH {H
S35R 4.5, 5.0, 5.5, 6.0 B Ph AR AT O, W& 4A BT 7RI 240 min B BRI FA. BRAL,
W o6 5500 0 o 4 R v VR = AR IOR T 10 485, B RS R IR EBORE X SRR R 2% 5 ¢ Ik 2 B P I B 1
Q(mg/g) IR A (3) I

XL 4A PRI BPEE HEA T UE— 2 (S 4) FIVE (AR 5) B 1 2 B2 4

In(Q,— Q) = InQ,— kit 4)
t ot 1
Q_Qe,Jr/csze2 ©)

ey, ey (min™) Fl ky(g/ (mgemin ) ) 535 Al — ORI GO B2 4, AR S80S Bike 3L

AT 4B 4C A9 1 AT SE X L PIAP S ) = R AR DG R B(R?) | W a3 1 A B R A
FIFASE R B (R = 0.9968) Ui —21 5 1 24BN (R? = 0.9826 ) ST T 1, T LIfRIT LI B S04 45 1 — 2 3
TR IR B 550 -5 W A A 2 ) 2l e Fh S 4 sl A B T AR ELAE T A 3 25 1 3 5 R o A0 R
AR T R, I PH? R TP 22 (8] M A SR A B

A 200 B 5 5
2.0}
150} i
— ~ 3} » - 1.6}
D100t S 2 3
g S 2 Siiaf
o 50 s 1 o0sl
or .
e ) o4 < oo
0 100 200 300 400 500600 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
#/min t/min #/min

Feld (AR XE TP bERBRCR 5200 (pH=4.5, 200 mg/L. PH™ A, B 50 mL, JILA 50 mg TIP);
HE—2% (B)FIfE 4% (C)BEALIA Lk
Fig4 (A) Influence of adsorption time on adsorption effect of I[P material (pH=4.5, 50 mL, 200 mg/L Ph**

solution , 50 mg IIP); Quasi-first-order model fitting curve (B) and quasi-second-order model fitting curve (C)
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1 PP B ME— B AIE ) 1 A RIS 4

Table 1 Parameters of pseudo-first order and pseudo-second order models of 1IP for adsorption of Ph**

HE— 23 J1# AR HEZ 2B )2 F Al
Pseudo-first-order model Pseudo-second-order model
K/ Q. R Ky QJ R
min”! (mg/g) (g/(mg-min)) (mg/g)
9.7x10° 173.87 0.9826 3.8x10° 228.46 0.9968

2.2.4 RS UR B A 2 M K S R A B AR 5T

A SA T UL YR A 293~313 K 2[RI AR AU, A2 /50 105 A 178 W o6 B . B 2 AU ot 1y W e
/N Y PP HVR BEAE 10~105 mg/L Z [H AR AT, TIP % Ph* AL B 1k B Ph* ¥k 52 (1) 1 K S 34 n
Ja T A 433K Langmuir (A28 6) Al Freundlich (2228 7 ) #5780 X6 0 JfF 45 1R BCPE 647 T et il &
W5E ),

c, C . 1
Ce_ ey 1 _ 6
Qe Qm QmKL ( )
n0, = Ik + +InC, )

Hidr Q. (mg/g) Fil Ky (Limg ) 7 W {590 0 e R B 25 B FSE VR B Ke(mg/g) Fll n 23512 Freundlich #
BAFEEL

TR SA BB HE T AN I 193 & 5B 8 5C AR 2. %F e 2 A R 5L (RY) , Langmuir
BRI BEARAR ) R L Freundlich AR EE 2T 1, UHWAFE 293 303 A1 313 K R XF Ph™* il 45 I W B 56 4% A
Langmuir #5575 PH*7E 1P L AW FHE T 25000 72 MR 5% 2 293 . 303 F1313 K i, e R BEIE
W B2 3100 149.0, 120.9 H1 108.9 mg/g, X TEIWRLRIRLIE A F Ttk TP HREXT PH> Mg R 28

A 160 B 5, C 09

140://-/~_“’__< g
5.0f / 0.6}
_//¥—o——o—. §48 i » . . 9:)
://_‘—k# - © 0.3}
—=—203K wE 2
——303K K,
80t ——313K ook

60 PP TP S TP TP T L . . . L . . . . . .
0 1530 4560 7500105120 T 2 3 4 5 s 0 20 40 60 80 100 120
C/(mg/L) InC, Ce/(mg/L)

—
[V
(=]

0/(mg/g)
S

5 SRR TIP W2 5 BRI (A) AR AR T Freundlich (B) F1 Langmuir( C) W MHEFIRLE (pH=4.5, TIP
i SR 1.0 /L, =12 h)

Fig.5 Influence of temperature on IIP adsorption capacity (A), and Freundlich (B) and Langmuir (C) adsorption
isotherms fitting at different temperatures (pH=4.5, the ratio of IIP mass to solution volume is 1.0 g/L, =12 h)

22 ANEHEE T B LangmuirFlFreundlich %55 I FAR 280

Table 2 Parameters of the Langmuir and Freundlich isotherm model for adsorption of Pbh** at different temperatures

Langmuir isotherm Freundlich isotherm
1K 0l K/ # Kyl . 2
(mg/g) (L/mg) (L7g)
293 149.01 2.99 0.999 134.97 24.50 0.74
303 120.89 3.01 0.999 106.58 20.77 0.81
313 108.99 0.89 0.999 90.01 19.03 0.96

T SRR RTE T 1P X PO GBI ATy — S ) B EOB L A (8) I(9)
HELE
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AG® = —Rlnk, (®)
o_ _AH1 | AS®
k™= —=%—7 TR~ ©)

Hodr ) KO R AR R, AT 3 ASASRIEE R Y In(QJ/C) X C ARG BB RS2 . B FHOCR RS
B S1HIH T TP BRHR B Ph* BT 22500, o, A 4G S, B L TIP X6 Ph™ A B —A
A & AR, 78 293~313 K BP9 , BEARIEE A FIT P> WL Bt eAh, 450K SfE , Ui BA 11P X
Ph> B BE i R AP L 3RS TR AR L 1T fh R e/ 22
2.2.5 NPIRMPO*HIESF AMY

P LT ICSC R S R5 A B L S4 mE ZEIRBE 25 C. P YRR 100 mg/L, W TRWILG pH = 4.5,
1P W BRI 0.1 o/L B 554 F 64T T 5 ORI - e S35, 11P APRE SR I H 5y i 2 52 ) M
AE. 5 KUEFRE X Ph> B EBRFRIALARIRTE 92.5% LA I, EBRAE A B0, B, 24 Ph> W) bhvk B
4100 mg/L i}, 1TP %F Ph** BAT 8 AL BR R | et A W R BE O A R g i) = 8RR PR A 6 P T K
Ab P
2.3 WRHHEREMHR

H5ET 1P BN R K R Ph> e b, e B 2] BEILF R I SR B F (0 Cu™ . Zn™
CA* 1 Mn>"45) 5 Ph> 35 [, 43 S1EL 100 mg  TTP A4 RFaEAEENE A1 NIP X 100 mL R4 5 7T
MRS E T B THREZA N 25 mg/L, W] 8 h, Ph* 5 HE 4 Fhd: JE B8 119 5 4 W B 17 0 G el 1
WS SCEF B S5 B o

R FHENE DR 7o S AR R T BT TP X P> e FRFE 1 , 1 L AnZA 3 (10) AT (1) s 030,

_ 9w
*- QNlP (10)
p=gt (1)

X, a Flla, 73 SIARER BN TS 5 R 5 4 25— (R DR R 7 o 45 R vl RSO S B 38 82 s
IIP S Ph™ 8 Bk 725 12 U b i NIP, R Ry TIP A KR EGIE2 7O Ph™ ELAT e S WL B AP B, 1T NTP
AF S A AT R O R B S T s TP A DN A 2.7~7.8 22 18], iX Z B I TP X Ph>* A Mt B B 8 A
FEAES TR B, AR5 SCHR R OGP A B IR BB AR 4 SR R B ek B e R o B DL L TS
J5 SCRHE B3R S3, ARBIE A U TP PRt B AR T SCRREE , (2 W2 ] i K
2.4 EBREEMEIKHZR

5T BT A B ES T ER I R SR B R PERE L LA TTP O AR LB R , SR FIbR [ 3 | #4218
1.5 5 AR 7 S AR K A P ) PO HEA T4 BRI . 3% 3 BT/  ARBIR ST T il 45 14 TIP X Ph* HAT 4
& SR IR IR > 77%.
3 ARREIKEERPH* [ R

Table 3 Recoveries of Pb* in different water samples

R JkRE Ml AERT BRI 2
o Spiked level/ Recovery/ RSD/
Sample
(mg/L) % (%, n=5)
- 1.0 78.9 4.6
/ 3.0 77.1 3.2
Tap water
5.0 82.5 2.1
Sk 1.0 80.3 32
7]
. 2. 4.1
Well water 30 82.3
5.0 85.5 39
Wk 1.0 78.9 4.6
. 3.0 82.5 34
Lake water

5.0 87.2 2.9
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3 #Fit

L Ph* N ENEREAR 7T . PEG-600 AEFLA] . 1,6-C0 N AR5 3R IS AL R & R B
R N5 T 22 LB T ELI M E A RE TP, DL TP W B0 AT T % Ph> MR BHIF S . TIP ZE /K0
XiF Ph™ A F5cd 9 LR B 2 200 mg/L, X Ph™ B KB 2550 149.01 mg/g; TIP 4T Ph™ AWML 8h 112445
BUE RS AR W R LR AT A Langmuir 8RS, J& T80 T2 W00, FRA R 45 360, ik P &
A B PO I RRRE ) A nT R R PERE  BEERIERFIE AR B, TIP X Ph>* (W B AA S K T35 4 i
Fo BEAL, TIP X Ph* B B0 A & A OHUR , A R A SR 7 P RS
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Preparation of Ion Imprinting Material Based on Epoxy
Resin for Adsorption of Lead Ion

ZHANG Yu-Zhuo'?, LIU Xin"', CHEN Hong-Jun', WU Wen-Jie'
Y(Hunan Provincial Key Laboratory of Fine Ceramics and Powder Materials, School of Materials and
Environmental Engineering, Hunan University of Humanities, Science and Technology, Loudi 417000, China)
*(College of Chemistry and Chemical Engineering, Jishou University, Jishou 416000, China)

Abstract The existence of low concentration of lead ion (Pb*) in nature water has great harm to the environment
and human body, so it is of great significance to remove Pb* from the environment. In this work, an porous ion
imprinting adsorbent (ITP) based on epoxy resin was prepared by curing and polymerization of epoxy resin with Ph**
as template ion, PEG-600 as porogen, and 1,6-hexanediamine as curing agent. The effects of pH value, initial Ph**
concentration, adsorption temperature and adsorption time on adsorption of Pb** on IIPs were studied by static
adsorption method. The IIP before and after adsorption was characterized by X-ray photoelectron spectroscopy
(XPS), Fourier transform-infrared (FT-IR) spectroscopy, scanning electron microscopy (SEM) and
thermogravimetric analysis (TGA). The results showed that when pH=4.5 and T=293 K, the adsorption capacity
of Ph** reached 149.01 mg/g, the adsorption kinetics followed the quasi second-order kinetic model, and the
isothermal curve conformed to the Langmuir adsorption model. It was found that the TP had good adsorption
capacity and reusability. The selectivity investigation showed that the adsorption of Ph** upon ITP was significantly
greater than that of competitive ions. The prepared IIP material had certain advantages in the treatment of
wastewater containing low concentration of Pb*" and had a good application prospect.
Keywords Imprinted polymer; Adsorption; Lead ion; Selectivity; Epoxy resin
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