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H, FAEA #1100 tHUBPAER RIS, 248
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SEPR AT PR B GESL. Cantarella A M40 B
I BRI PR AR OR A R T, A5 21 53 BN S AL BN
KA BL, T TR PR RN B . %
BHE S ARG 3 W5 X MR 1) R BR R AT 3K 100%.
AtarodiZE \"OLISE RO R OB, R SN R AT,
BT RFRLEE AR 3T, AT —Fh o F B 4K G
b3, FEEAMDEIRET10 Wi, X EE 90 mg/LAY BT
PIHEAY 2R M 80.29%, JHRBLH R AFAyE B,

H R T 508 ' £ A ek 5 15 1 14 BF 58 KR LA
TiO NS,  MiZnOE A BH B R TR 2 —,
BARRM S TSR, MR TERIKE
(CNT)/ZnOFE it I 4743 BRIl e P A AH DG, AR
ST ALY A AR 23 F,  ACNT/ZnO kg 3 5 il 45 43
TENI B AL A BHMIP-CNT/ZnO), %5 H AR A
(I BRRE T7 . A E T DL e e, S50, %07
8 B CAHE A AT RIS BB A 2 R 47 A W FfF i
FBEREE, T HRERSTEA Wk B B A AR R rh ik
PEVEHB R AU A, FEAFRCRA NI, MBR KK
W SRR YR L T — R AT BB YR AR
1 946

(1) FEFRRH. CMEE. + e Lmiman
(SDS). W}A(BPA). 2-ZJ&FEMEIE(2-VP). L %
RS FRER(EGDMA) . A 5 T 15 (AIBN) A
ToK LIRSy Hr A, DL RS 0 F O i R R
f2E AR A PR A, ZRERAOKE W T at E R R
HABRAF.

(ii) CNT/ZnORYHil 7. S HESCHR[17], BUE 2 RE
WRAIAE (MWCNT)ZE L 4 400°CAifb AR B, B 7%
JEHUANE BBk, SRS, B— @ i alifb s i 2 RERR G oK
T BN 2% 1+ e SR R AN (SDS A T, R
AbEE. BY0.5 g SDSAMFETAYMWCNTF50 mL7K Fl 2, i
RSB P (AR =1:1), #7715 min. K2.45 g KZ
FREEAS 150 mL/K A A TR A WO (AR E=1:1), 7F
FRERPE P W SR BEA W A LIAMWCNTEIZ R .
B TR AR A BEAR B T M B LA i
(1) L BERIK, S5 RS 2 B0 AR T S gl 300°C i
3 h, FEHAR TS EICNT/ZnOFMA.

(ili) MIP-CNT/ZnOf¥ il . #$0.283 g(1 mmol)fi
Mo FBPAY T IL/K L EEH, JIA0.6308 g(6 mmol)L)
REHLIR2- 2R SNk nE, = FWERA4h. IMACNT/
ZnOMHAIFHE AL B, i1 A3.9640 g(20 mmol)3Z B 7

EGDMA 140 mg5 | & #| AIBN, BHE A WEEN, 20 minkR
A, T60°C NRAR 24 h. VLS H G FTKZ
P25 i K MR BOR, T2 W B CRTR A IR G4
I, HEERRREBN T, RIS A B TK
VeE e, T B A T 1 60°CT1§6 h, 153 4 F il
EDGAEAL AR (MIP-CNT/ZnO).  LEA AR S T B 1
T 25 AR B AR AT B (INIP-CNT/ZnO), 4
(2 A

(iv) MEAERIFRAE. SRS A LT AR
AS380(E [H JE 1= J17> ml)RHFE i i BE AT EA T b, 43
i KT 4000~400 cm ™', 43HF% 42 em™'; D/
Max- T CEYXHFRATFHMU(XRD,  H AB A8 T X RE
) SR AR ES I HEA T AT, FAE I R 5°~80°, i ak
10°/min; H-7650%435 5 HiL i fl 5% (TEM, Hitachi/A )
SR S O ZE A HEA T 04T

(V) WEHHERERIEEE. B0 mg/LEYERA. C 4
T R B VA TR DR, I A0.02 ¢ B4R, il
HAmas), TROLKMETH#E24 h, B EWERS
0.45 umJEHESS, RIS A EE R IR, I
Fie (1) AR B
Q=(Cy=C)V/m, )
K, Coh HARPIWIIRHRIE, CON PR EE, ViR
R, mA R

(vi) SeHEALTE P, B100 mL¥E 4710 mg/LY
BPARIRCE T RV, A — 2 2 i) N S A Ak b
BT HHDCMACR LA . TR RE A 4 A5
WORLAL T B IRAS,  HEEHERE30 min 2 WL FHT- A 5 (i
&I UE B 30 min LA Lb T 0% B OV-MT), FHSR AT
(20 W, 365 nm) U S WA T REAR SOV, B30 min
BURE, B0 B I B ISV, I TU-1901 2 58 51/R] O,
SIFECEETIRIM IR EE, SRS ARTE A - R e A
R BE, Q)T R R %
n=[(C,=C)/Cy|x100%, ()

S, Cy RIS 51 g BP AT vt J3E 0 WA i 11 i I £
T
2 R 5ihe

2.1 FTIRHT

XFCNT, CNT/ZnO, MIP-CNT/ZnO( & 547 ) FIMIP-
CNT/ZnO#E4T T L0431, i E1TAA], 3421 cm™!
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Figure 1 (Color online) FTIR spectra of MIP-CNT/ZnO, MIP-CNT/
ZnO (with template), CNT/ZnO and CNT

Ak —OH P AE PR sl Wi, 5 CNTAH EE, CNT/ZnORY
LTAMGRE T TG T 467 om 2245 (IR Wi, HR i Sy
Zn—ORERIE R 45 R s, BEICNT/ZnOA B ). A1
LT CNT/ZnOMILLAMGTE, MIP-CNT/ZnO(F 54 ) 1)
LLAMEIE R, HS RS> 5] 1730 em™ b C=0HY
ARSI FI 1624, 1521, 1451H1846 cm ' AbZEFR
ZER IR g, Horp, C=0& KR T EDGMAF12-
VPHIR G, FRIRZERA SIS I8 A0 4 F BPA,
IXSHRAE I Y HH BB AECNT/ZnO R R AL 7 T S A i
SRARRAY). FIMIP-CNT/ZnO(3 A L, MIP-
CNT/ZnORILLANGIE H A IR A5 F4) B SR IE TR 2, 18P
B o3F RU ATL R, BRI 3R Wil 25 ).

2.2 XRD#HT

XFMIP-CNT/ZnO, CNT/ZnOFICNTHE T T XRD%)
Mr, ZERANE2FTR. CNTEI(E12(c))H126.54° M4k
BIIMTETIE, XTRIICPDSK A ERRAIKE (41-1487) Y
(002)4 1. CNT/ZnOKI (K12(b))H131.94°, 34.48°, 36.3°,
47.58°, 56.7°, 62.94°, 66.48°, 68.12°, 69.2°Kb AT 5T I
N7 R ZnO(JCPDS No. 36-1451)—%, %)
AT A (100), (002), (101), (102), (110), (103), (200),
(112), 20D, UEEHFTHlEEBICNT/ZnO N7 T7 i FR4F
BERNEERY . MIP-CNT/ZnO K (E12(a)) A AT i A 16 R 23
B, PIETERAS, ULIISE SRR, FAR T B A 20,
VLIS R S 2B B A . MR HEScherrer AR, Wi
(LO1y it T X 07 9242 5 W 3 AR i v Zn O 1R S35 R A2
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Figure 2 (Color online) XRD spectra of MIP-CNT/ZnO (a), CNT/
ZnO (b) and CNT(c)

>A80 nm.

2.3 TEM%&#r

MEB@)AT L, CNTRAIRGEH, Rt
i, BEMRE. ZnOIMEE TECNT L, {H2 34y
ARG EI3(b), X 1T RS2 R AOK AR A B HAT 1Y)
BRI, ME3 ()T A R AW aELE
CNT/ZnOFK M, [RIFF{EMIP-CNT/ZnORJHRTEMZ (1413
() AT LAY I Mo 2 ZnORY SiAk 258, H i (A1 #E 24
0.25 nm,  XF R (002)T [B]#E; I 0T LI BICNTH) A%

3 CNT(a), CNT/ZnO(b)HIMIP-CNT/ZnO(c)ITEMIKI LI K MIP-
CNT/ZnO(d)fYHRTEM

Figure 3 TEM images of CNT (a), CNT/ZnO (b), MIP-CNT/ZnO (c)
and HRTEM images of MIP-CNT/ZnO (d)
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SR80, HAHARRE Y s PR R 24 240,34 nm, 756 1 212
). AL BRI Y B = O AR A2, DR BEAT i

24 TGHBT

XFMIP-CNT/ZnO#EATIRE 34T, HRANEI 4577,
BE % R A FH i, MIP-CNT/ZnO H B Ab 2k it 2,
FEr1100~200°C ) 2 H 2 K A B4 ORH R 100V 500 FIK 1 2
K, RHEHN1.54%; 250~550°C 15 F A PR B2 1Y
B, MKRERN17.71%, HILATHICNT/ZnOZ
B3 LB 2 49223.36 mg/g.

25 OEfEERSeRE L5

4R #1 £ ZnO, CNT/ZnO, MIP-CNT/ZnOFINIP-
CNT/ZnOFEf#BPA, 55 Rk i R PR AR 2 5, JF
Wt E— R sh 12 R A S M R 8h 2%, 25
ULIELS. B EIS@@) T, 4RAERE EAT — e B ARAEH,
R it 2R B () TG BE 0, 2 N R 5 S KR AR SR i
B FE210 minff X BPA MY % f# R 43 3] A 47.34%,
59.31%, 83.44%F136.57%. X Akt FedktTiiE—2Kzh 11
A (E5(b)), HATMIP-CNT/ZnO [ s A8 50k
0.00824 min~', W] 2 T-CNT/Zn0(0.00415 min~"), ZnO
(0.00302 min~")HINIP-CNT/Zn0O(0.00212 min~"), 43I
=198, 2.72F13.88%%, BEHIMIP-CNT/ZnOXBPAFY
AL AR TE MR AT ZnOVE —Fh i AL b1
L BAREHTE . ARG A", FEAHTSE %I BPA
R R AP RE AR SUR, FEA%351547.34%. CNT/
ZnOWIRF R ZnOA AT/, i5%159.31%, XJEHN
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Figure 4 TGA curve of MIP-CNT/ZnO

CNTYE A T2 1k, R PR 7, ROt
-2 7O IR A, 1M TR, BT LR R A
FrdR . A T-CNT/ZnO, MIP-CNT/ZnORY [ ff3R WA
Jird i, iA5183.44%, X &t TR ENELTREY)
A 5BPAMIVCEL 1 iCZ£Lo T, REMSAE bR T
W B2 53+, XIBPAREE SEMFE, DR i as s
564, MNIP-CNT/ZnOM R e IR (1UA 36.57%), X
SO AR R A Y B B BH RS T BPAST T S LA
R, T AR (% Z4N T ZnOFICNT/ZnO.

2.6 MBS

N T HEERE YW INEE S, PEHIS XU AZE AR
AUTHY L HER MRV SE R, EATIRMESES,

A MIP-CNT/ZnO k=0.00824 min™'
o CNT/ZnO k=0.00415 min™
= ZnO k=0.00302 min™
v NIP-CNT/ZnO £=0.00212 min™" A
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Figure 5 (P44 (%) Photocatalytic degradation curves (a) and pseudo-first-order reaction kinetics of BPA over MIP-CNT/ZnO, CNT/ZnO, ZnO

and NIP-CNT/ZnO (b)
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Figure 6 Catalytic degradation of MIP-CNT/ZnO and NIP-CNT/ZnO for different targets. (a) Single component; (b) mixed components

T B QK FAEMIP FINIPIR B BE 77, MIPXS XU AR
W B A7.23 me/g, W R CUAHERD (4.28 mg/g) AR
13(4.36 mg/g), WLF 5Tl 2 5 P 1 1.69F11.651%, 2
S, SR MIPZR ALEAT S AAHDC B AY ER 3
FLIC, PRI R A P I RS8R, R B A R X
JER RO R, BT ERIDFL O — 2 VCALRREEAIG, T LA
W B AR 2, 052 P NP PR SR i A BN AL o, %o 3RS
Y B e 55N H G B 2200 (U A (4.54  mg/g)-
CLA MR (3.93 mg/g) FIZK I} (4.21 mg/g)).

2.7 BEERPESS

R ELENIE AR AR R BB, A B BERE O M
S P RIS P A A A AR U A ) S S IS ), R4 TR — 1A 2R
FNRA R R PDEMALSER. FE—R R, XA C M
S A AR BE HE o 10121, iR 6(a) T %, MIP-CNT/
ZnOXT R A P RA g 238 2 O s P RS 13 1192, 1801
1.98f%, %2 TMIP-CNT/ZnO i EA FIBPAS T
AH VG FE A BRI AL 7RI 15, RRAE & — M 1 R B
BPA, XBPARE|EEMEH, BT IR A & i 3.
L T RN S 1 4 45 #4) 55 MITP-CN'T/Zn O 2 i Y EZE L
FORVCEL, L BEE A a7 B B RV F A7 T MIP-
CNT/ZnOFE [, FFEMERIZAUNEA. 1iNIP-CNT/ZnO
XA AR R R AU G A A9 113 R11.056%, =&
AR FA 22 AR, JE ANIP-CNT/ZnO A Bl LT
FNZE A A, X3 2 357 Sy SR o e A 5
PEAEILIR AR, LR R Am X B 225, 7RG
PRZ R, Uy A: O M A 1 A0 o B ke 1255, i
PE6(b) Rl 1, MIP-CNT/ZnOX XU} A FY A R g 14 2]
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JE P 3.82F13.524%, BLRATEIR AR 1, MIP-CNT/
ZnOFRE A R50RE G o Vi A7) B 1) T e 1T e % 1l
R AU A NIP-CNT/ZnOXT 3 A R A 238 AN T iy
Wi, X & HNIP-CNT/ZnO M AEHE FPE W [ B A4 T
Ry S e R A B e 1) O M M T RIS T, (A AT
AR AFSAS S A 355 e i

2.8 WSS

J % EEMIP-CNT/ZnO M RR e M, B ik 512 560 e Xof
MIP-CNT/ZnORIi . ¥ T8, P84T T SIREE R ML
55, G5 AU, R R 7RI, Bl S HE N, R
SR B 354 BT REAIS,  (HRRAIRIR BE AN, ZRSIRECER
Jei, BERRERATAETS% LA b, W R6.55 me/g, TEHAHI
HEN I ARG % R e e, [FEE, MIP-
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Figure 7 Cycling experiments for the photocatalytic degradation of
BPA by MIP-CNT/ZnO
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Figure 8 (Color online) Illustration of photo-degradation mechanism of MIP-CNT/ZnO

CNT/ZnOfEAAHL-TEHLE S0 RE, S HEE M —E
U A ASCRANBE S N T, AR Ll el K
PALBE, W) ZnO . JKHICO,, AN ZRFER I 5 .

2.9 [EEPLIRS T

518 MIP-CNT/ZnOF& i B ()~ i K. ZnOZ %]
T ER T RE A AR S C AR, A7 P4y LA
TR 2 547, M ZEZnOR R MY B H F-
250 E(3)). BT AONTHM G 525700 e, Yirss
R A AR R AR A R (ER(4)), B AR I BRAK
SR A B EAR B R B R EGR(S)), TRl Zs 7R
FEEME T ROV A R AL H R AEGER(6). BAnE 451
FTENSTEFL 7 AH PEBC T LA RE NS o BRIl J2 E A P93, i2F
M # FL AT s A PE R R 3k B il SRR A b K filC o,
(7).

© s
0, +H,0 — OH + -OH (5)
OH + h' — -OH (6)
BPA +-OH — H,0 + CO, (7)

3 5B

A 8 1 5 T BRI 4 AR X CNT/ZnO#EA T 01,
il & LA BPA Ry 54 119 43— B 3 78 A4 Ak A4 FH(MIP-
CNT/ZnO). ZA R HAFAE SR 53T HH DT B B3l
FLI, MR ST Rl P P b R o S .
XA 0 F R AT B R B R 7.23 mg/g, R A
83.44%, TEHR—RR ARG IERR P, I SLi 423
BRI VBRI R AR BE 1. IR BENS A R0 o A F
YR TR B PR R AR H Y, RO
HRIFRErE, @SERSLR)E, X HiRY kR

700 +hy o> ¢ + If B)  RCRABEETSY%R . i Ay b SRS v e e i
¢+ 0,50, @) HENLIS R T — T AR R 1.
7% 30k
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Preparation of molecularly imprinted CNT/ZnO and
photocatalytic degradation of bisphenol A

Ligiang Su’, Guowu Li, Zhiman Lan, Tingting Yu, Hongtao Chu, Shuang Han & Shili Qin

School of Chemistry and Chemical Engineering, Qigihar University, Qigihar 161006, China
* Corresponding author, E-mail: slq202@163.com

With the rapid development of industry, environmental pollution has become a focused issue in worldwide. As one of the
major environment pollutants, more than 100 tons of bisphenol A (BPA) are transferred to the environment every year with
the extensive use of plastic products. When BPA is ingested through the food chain, it will gradually accumulate in the
body, interfere with normal hormone secretion, and pose a serious effect on human health. Therefore, it is much important
to effectively eliminate the BPA in the environment. Now, the methods for treating BPA are variable. The main methods
have included biological method, adsorption method, electrochemical method, ozone oxidation method and photocatalytic
oxidation technology. Among them, photocatalysis has been considered as one of the effective and promising technology
for the elimination of contaminants from water, owing to the advantages of high efficiency, photochemical stability and
cost-efficiency. However, the main active species during photocatalysis, such as hydroxyl radicals and superoxide radicals
etc., do not target at any specific compound. Thus, to the best of our knowledge, photocatalysis shows no obvious
selectivity in treatment of mixed pollutants system. However, for actual wastewaters, diverse components usually coexist
together, where endocrine disruptors are usually present along with other non- or low-toxic organic substances with high
concentrations, such as phenolic compound. Therefore, the pollutants with high concentration would occupy the major
active sites, and be degraded antecedently, which increase the difficulty and cost of wastewater treatment. The emergence
of molecular imprinting technology had provided an opportunity to solve the problem of the photocatalytic activity and
selectivity of photocatalyst for degradation of target contaminants, because of specific affinity and size matching between
target contaminants and imprinted cavities. The combination of photocatalytic oxidation technology and molecular
imprinting technology can effectively improve the selectivity of the target during photocatalysis. In order to achieve the
purpose of selective degradation of BPA, a molecularly imprinted photocatalytic material (MIP-CNT/ZnO) was prepared
by surface imprinting, using BPA as template molecule, 2-vinyl pyridine (2-vp) as functional monomer, ethylene glycol
dimethacrylate (EGDMA) as crosslinking agent, CNT/ZnO as supporter, respectively. The structure of MIP-CNT/ZnO was
characterized by Fourier transform infrared spectroscopy (FTIR), X-ray diffraction (XRD) and transmission electron
microscopy (TEM). The results showed that the imprinted polymer was successfully coated on the surface of CNT/ZnO
and MIP-CNT/ZnO remained a wurtzite structure, which was the same to ZnO. Due to the recognition site on the surface of
MIP-CNT/ZnO, the degradation rate of BPA by MIP-CNT/ZnO was significantly higher than diethylstilbestrol and phenol,
and the degradation rates were 2.18 and 1.98 times of the latter two, respectively. The degradation rate of BPA with initial
concentration of 10 mg/L could reach 83.44% after being irradiated by ultraviolet light for 210 min. The results
demonstrated that molecularly imprinted photocatalyst exhibited excellent selectivity and catalytic ability. The present
work could provide new perspectives for selective photocatalytic degradation, offer a new insight for the photocatalytic
oxidation process and provide a possible way to remove low concentration and high toxicity organic pollutants in the water.
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