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B 4EKBENERE CoZn-ZIF/PAN Hk 8 & F4HE
B ERiEsVE”
B OA E R FZEL FEF OKEAYG WNTES

(BT R IE S TARYB, 00, 230009 )

B E AR YRR A RS PO S R, pH B G EAE, DL TR T R, R
HiHL 25 22 25 5 SR A KR4 T W4 8 CoZn-ZIF/PAN 4K S A 4R 4L, FH T Ak o — B R h I v
ThE (NOR) . Gil&s & AEIG /M ah 1 /R CoZn-ZIF 40K kLW i 2h Hb [ 72 76 F8L 25 PAN 9 K14k . 5
25 AR YRR L, W48 CoZn-ZIF ki {15 CoZn-ZIF/PAN LA T KRB L R, Ak i #243t
TR WG PEAL S BEE Co B 4% He Bl i 3 K, NOR MY B ff K36 s 76 pH 3—9 35 Bl N, CoZn-
ZIF/PAN & & 20K 27 4 A Ak PMS X 3 i 1D 2 i R 305 31 90% LA I, HLE (1 pH TAES M R i
TR, A R TR ok & A A e A SE PR B . A6 PRI Won 3 MR RS, CoZn-ZIF/PAN it
NOR 1) B 30 AT) 17 T 80%, T Co B F IR MR BN T 2 mg L, BERH TiX40K 52 & 2F 4 bt LA
A 1 T 8 BR P AR E . A R A K 59 05 S BR CoZn-ZIF/PAN Yk 52 4 41 4k st i A4 7 2 S B 2
Fenton J% 1 = 4432 17 A il 7 5K .
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In situ growth of bimetallic CoZn-ZIF/PAN nanocomposite fiber
membranes catalyzes the degradation of norfloxacin

SHENG Jie WANG Kang WAN Zhanghong FEI Wenging
ZHANG Chunmiao SUN Xuefei ™
(School of Resources and Environmental Engineering, Hefei University of Technology, Hefei, 230009, China)

Abstract Advanced oxidation technology are hindered by the poor catalytic activity of single-site
catalysts, acidic circumstance necessary, and difficult recycling of catalytic materials. In this work,
bimetallic CoZn-ZIF/PAN nanocomposite fiber membranes were prepared by electrospinning
combined with in situ growth strategy to catalyze the norfloxacin (NOR) degradation by
permonosulfate. The spectral binding energy spectroscopy results showed that CoZn-ZIF
nanoparticles were successfully immobilized on electrospun PAN nanofibers. Compared with blank
nanofibers, the CoZn-ZIF/PAN membrane have larger specific surface area, which provide a large
number of active sites for catalytic reactions. With the increase of the Co-doping ratio, the
degradation rate of NOR increased. In the pH 3—9 range, the degradation rate of NOR catalyzed by

CoZn-ZIF/PAN membrane reaches more than 90%, and the optimal pH working conditions are
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neutral range, which is more conducive to the practical application of the nanocomposite fiber
membrane. The cycling test showed that the degradation efficiency of CoZn-ZIF/PAN for NOR was
still higher than 80% after three cycles, while the leaching concentration of Co ions was much lower
than 2 mg-L™, indicating that the nanocomposite fiber membrane material had excellent cycling and
stability. The construction of CoZn-ZIF/PAN nanocomposite fiber membrane with in-situ growth
strategy is a feasible tactics to achieve efficient operation of Fenton-like reactions.

Keywords electrospinning, metal-organic framework, catalysis, advanced oxidation.

Wit 5 1 25 Tl A R e B, f AR B A AN FOK Tl R, SR T 2 R R 2
(NOR) M Sy 25 = AX S W Vi i 2 25 Wy 9002 00 ] R 7 sk, by LB RS A O RS, FE0K AR AR S R
R RN, 2 SO TR T 25 M B8 AN 1, B BN SRR A A 24 TR, R A T R — T
L R EL RS B fifk e A NOR YT 1%

P AN T2 (AOPs) H BT 12 N Ak BN 6 A 5 D, H o i i R £ 07 Ao 78 vy T 0™
A BRI AR A 5 (SO,7) B A AL JEUH A7 3 (Ep=2.5—3.1 V), A 1 375 fiy 3K A9 5 5
(11,=30—40 ps) M2 F))¥Z . SR, K PMS B 1 73 il 8 AR 1 AR 8 SO, Ay ™ . Ik, o 1
P v 15 e W) L BRIERE, T & —Fh oA 20H) PMS 30 07 1. a8 A HLE AL (MOFs) HAT i LR WA K
LA mfb A R E SR 0 Hrp ZIFs MOHATAE W xh il — R 6 HA AR m O AL 5 1, mT LA R
fift V22 MERE AR A HILTS Y4, G0 T KR 269 R ZIF-67 75 4k PMS [ £ % F1HI B; Wang 2500 7] i #u 4k 21
J5 ) ZIF-8 HEALRE A S TS, AT 1 R RORICR. SR — G B A ZIFs BOTE PEAL SR X B, A
RE— M 5 HE 23 B ZIFs R UREXE LS T2 1A 28 Hh 2085 1R R, S BUpE AL AR IS R A AN T E A2 il
kTG Y, BRI T B AT TR RS A A4 52 P .

BT L3R I, SR P F 25 22 45 SR AR Rk i 2 1 X0 J A BRI 2 CoZin-ZIF/PAN £k
ALY YT AOR T e BA AL A | e He SR T BRI R A A RSE 1, J2 4R ZIFs R ) BEAR
2R Jf H AL A Y sUAF AR 1 ZIFs APRLAT UG R0k A B T R BLR, 5 T LR & b
B ISR I 1, CoZn-ZIF 94K FIURL A5 A i 4 151 5 75 FL 27 PAN ZHK 21 4 |, U380 i 7 4 £
AR EFYE, MBI RBOIE I T AR HER AR, (9K BORE_L B PR R e B R, AR R TN
KB AP AR, 2T T PRS2 Tk,

1 52347 (Experimental section)
P

1.1 R SR

AALEE (ZnO) . B G (COF- ¥ 40 T 12 15000) . 7S 7K fild R 46 ( Co(NOs),-6H,0) . JG /K s iR 4
(Zn(OAc),) . i Bl E 8 (KHSOs, PMS) W T b1 BTz T A= AL B B4 A7 FR 23 w1 5 2-H Kk (2-MDD) |
NOR(NOR) AT BE(TBA) S0 T 1 i 22 se AR A AL BB e A FR 23\ 5 N, N-— F & F B Jiie (DMIF) 1l
TP Rl 22 A BR A 7l TEK H B (MeOH) . LB T RHA A 75 iR (HNO,) . A & L8 (NaOH) 1y
T EAER A R AR A iR R gt — L el b EL .
1.2 GOKEF 2 S AR AR R Y ] &
1.2.1 ZnO/PAN £ 4E i iy il 45

L& B ZnO T A 10 mL DMF H, i Al ZnO 84343 BI7E DMF H, [ HHinA 1 g PAN(ZnO +
P i i A PAN Ui 20%) , 60 C JNFASEHE 6 h, {1 2R G907t 73 U i T2 L3 — 19 ZnO/PAN %5, ¢
JIRAS A R A BIESAS h, SR ) 21G B3k, WA 1.5 mL-h!, - 19 kV, #2254 15 em, IR
ETCYi L LFYEREE, BT 60 C B2 T4, #E A TR A 8 h, 53] ZnO/PAN £ 4EJiE.
1.2.2  CoZn-ZIF/PAN 4K 52 4 21 4k B ) il %

FRUL 1.8346 g Zn(OAc), ## T 40 mL R (A W), 0.5821 g Co(NO;3), 6H,0 % T 40 mL HI
(B&), 5.747 g 2-MI I T 40 mL HIEEH (C W), K55 A WS B AR A HBEIA C . Bt 5 min



11 3 BEARES, A A K W4 B CoZn-ZIF/PAN YK B & 47 4 AL P i i s vb 2 3747

J& , BGE i PAN/ZnO £F4EJE, MR FRIR ST, % E, 30 °C 254 N RN 16 h, 4 5 5 1Y £ 4 i
I, S T H B b ok, 2 45 3R T B 25 1% ZIF, B A B8 Y 00 A v, 6 R 7 3 TRAIL rP R S U i
5 min J&5, Z5 B AR BT IR F R, A 3R, SR A HJCK SR, B TSR b, HIRIT 3 h, #5
2 EA T, 60 C HET 3 h, #il15 CoZn-ZIF Jf B K R G LF4ERE.
1.3 AR EF 2 B S A AT (%) 5 44 fife A

18 1+ $ 4 F 7 685 (SEM, Regulus 8230, Hitachi, H A% ) 138 5 B, 7 & £ ( TEM, JEM-2100F, H
A H TR S, B A XA RMEOWIE S 4T 4341 80t X ST AT (L (XRD, Rigaku SmartLab SE, H
A X R FEAT AR AR 38 ok X S HL T RE IS (X (XPS, Thermo Scientific K-AlpHa, 32 [ ) 73 #7 #4 %
()7 2 41 s >R 1 9% [ Micromeritics ASAP 2460 4= [ 2l b 32 1 B X AL A2 0 I S0 22 H brdp kG N, 55
U 0 BT it £ it 58 BET A BIH 5 5 AR LL R TR L FLARER DA S LA A A5 SR NS R+
CIQTEK EPR200-Plus JIfi i H: 4 I 1A AT F i SR 1) 4317
1.4 DKL 43T NOR HAEAL E AL PERE BT

K FH PMS 35 £k 55 B i NOR I AN R Ak 700 35 . 2 S50 52 107 2 7 [] B S o7 e B 388 L PP A7 1)
FH 0.01 mol-L™" HC1 5§, 0.1 mol-L™" NaOH ¥ W& I 15 #1 4 pH. ELAARIRAE R ¥ 0.1 g AL M%) 1000 mL
Y 10 mg-L™' NOR %, SRS A 0.2 g PMS 75 [& 7 i B[R] 8] i A, 33 S s il i 5.0 mL (% 52 3%
W, 2 0.45 pm {9 BCFL IS if 08 05 55 B B0 R & A v AR 5840 0] DL 4 66 THAE K 277 nm &b I
NOR WG RE, #F M43 5] NOR (¥ BE . LAZF 0 S N 1Y — 28 3l 7 2 455 10 Sy el 45 1 250 s 17 ) 2%
AL

Co
In— =kt
c

Hodr, Co 1 C 435900 BN BR SN I 75 ek B 5 ¢ SRy s g sk 1]
2 5B 5308 (Results and discussion)

2.1 CoZn-ZIF/PAN ¥ HE b=~ PERE BT

CoZn-ZIF ki (AT il i TEM #4757 434, W& 1 fi7R, CoZn-ZIF ki K/N 5], I H IE+ —
AL, 5 ZIF-8 25 TE A HH U, C, Co, Zn o FK 57 M 43 A 46 UKL N, 6B CoZn-ZIF A 4: &
ZIF Ok i s )i 45

(o B LR

2 pm

Zn Kal

2.5 um 2.5 um

B 1 CoZn-ZIF ) TEM [l (a, b) FITCH REIE I (c)
Fig.1 TEM images (a, b) and the corresponding elemental mapping (c) of CoZn-ZIF
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R AT ZE TR ZnO/PAN 21 4 15 25 1 ) FESEM 1 [&] 2a T 7. 1 &l 2a 7] I, ZnO/PAN £F 4 2% i
FEI T BL, LA A TC R Bk, 28 Y EARTE 200 nm £ 4. TELat R AR KA PR IS, SRR K T
SYETE A AR SE R G BURE (] 2b) . CoZn-ZIF ki O 28 T Hb 71 48 B T PAN 474 I

,‘_.'_N:»I

2 CoZn-ZIF/PAN [ FESEM
Fig.2 FESEM image of CoZn-ZIF/PAN

FF XRD F1 XPS #t — £ 43 1 T CoZn-ZIF/PAN 4 K 21 4k #4 . i 4] 3a W] %1, ZIF-8 Fll CoZn-
ZIF B fF 04 JLF-— 3%, £E 7.30°, 10.35°, 12.70°, 14.80°, 16.40°F1 18.00°0v & M AYIE 5 (011) . (002) .
(112), (022). (013) F1(222) A4 2 (9 & 180 X107, 617 CoZn-ZIF {13545 %5 ZIF-8 i AR S5 A FR1E . 5
CoZn-ZIF L, 4% CoZn-ZIF/PAN & 43 R AF W6 A B . ol 31 2%, (R ARk 5 M 15, 7T fE & CoZn-
ZIF/PAN R 1Y) CoZn-ZIF UKL/ 5394 18 55 15 B 1. CoZn-ZIF FURL Y XPS 23 M vl LU Hiz Y i i A7
T C. N, Co. Zn %5t % . 1021.8 eV Al 1044.4 eV X} hj Zn®, 782.0 eV Fll 778.7 eV X} i Co* Fl Co°
([l 3b) =M it — 2 UESE T 2 A MR Zn 1 Co MLAE, X ERE BB L T CoZn-ZIF B 451K}

— ®

- @,
. . CoZn-ZIF/PAN
"L. e
= =
8 8
‘E‘ . ‘g‘
5 : I { CoZn-ZIF 5
il I I 5 O O =
_J . I ) ZIF-8 ,L“
—— .u a—— i I I N 1 L 1 L 1 L 1 |
0 10 20 30 40 50 0 400 800 1200
20/(°) Binding energy/eV

Bl 3 CoZn-ZIF/PAN ) XRD i8] (a) il XPS i (b)
Fig.3 XRD patterns (a) and XPS spectra (b) of CoZn-ZIF/PAN
CoZn-ZIF/PAN B &4 KL 4k 5 ZnO/PAN A N, W BFF g W il 26 X b &% B, CoZn-ZIF/PAN #1 4}
W11 Lt ZnO/PAN YW Fff 2 K (18] 4a) , PRRRAL LB FLAR 534 BT LE AT R, CoZn-ZIF/PAN R34 fLAR T
/(B 4b), W] CoZn-ZIF BYIIA KRR R T K8 B RLAS T, KORHE & T AR e m AR,

250 — (a)

r —a— ZnO/PAN -
D200 F —r— CoZn-ZIF/PAN _/37
ED w-s-a-u:asaguﬁnﬂﬂpg
2 150t
)

g

K 100

z

g

& S0r -/./
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0.8 1.0
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Bl 4 ZnO/PAN Fil CoZn-ZIF/PAN [¥) N, W bt fife iz 141 (a) FIFLAZ 53473 1] (b)
Fig.4 N, adsorption and desorption measurements (a) and pore size distribution (b) of ZnO/PAN and CoZn-ZIF/PAN
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1 B T RIS 44 R H 2 1 BRI ALBR AR, CoZn-ZIF/PAN 44K & 4 41 45 BET L 36 1 A1
h 414.6892 m>-g !, MFLER 0.258235 em’- g, F-HFLAE A 3.0662 nm. 5 AR ZnO/PAN £ 4E AR tr, L
TG K T 1758.13%. 4K CoZn-ZIF/PAN EA K1Y H R TR, BB Ay i1k S iz 2 4t R o 1) 1% 1
B, I HAUATR 6, ReAS (751 Ak AU 1H 7050 2 8, HA o = P AL T k.

% 1 ZnO/PAN Hl CoZn-ZIF/PAN [ kb 3¢ 1 FR M FLAR bt

Table 1 Specific surface area and pore size analysis of ZnO/PAN and CoZn-ZIF/PAN
BETZHAY(m? g")

FE A SgeT AR (em®-g™) SEYFLAE/mm
Sample J=¥ ] ThfL L Microporous volume  Average pore diameters
Total Microporous Mesopore
ZnO/PAN 22.3175 19.5721 2.7454 0.002560 24.5778
CoZn-ZIF/PAN 414.6892 391.6709 23.0184 0.258235 3.0662

2.2 CoZn-ZIF/PAN Xf NOR A fk 1 REfi Al
22.1 EHEEHNT CoZn-ZIF/PAN HEAL I RE 1Y 5 1

TE CoZn-ZIF/PAN/PMS ZEIFH{A 2 v, AN [R) & L 4 AL 700 X NOR (1) [ 2 ] S TR . FEAN IR
Jin Co (& HL T, ZIF-8/PAN X NOR FEAS W AT fEALRE J1, MikHA Co M43 2% LLAIHE K, NOR 11 B 5 A
63.6% ZAHENNE] 92.3%. 7] WAL 4@ ZIF b H— 4 8§l 45 19 ZIF bt RE o i, X & th Trif & En
PN RVRIN D8/ T B o 3k e v ) L AT A R B g, (o B A B MR 8. 2 Co:Zn DA 1:10 380 # 1:5 B, %
fiff 6 RN A R TH A AR AEFRFAE 90% 2247, X Tl Y Co 824 T30 Co B T R, I 23 5 Wi AL
N S S 0 T AL FE L 1:5 BY CoZn-ZIF/PAN A M BF 58 XF 42, 38 5 AS [a] 4% 1 %o A Ak [ it
NOR 51

100 = —m—1:5
—@—1:10
s | —a—120

| s /
T Z/

%0»‘ ==
0

1 ] 1 (-
0 20 40 60 80 100 120

t/min

Bl 5 S[EAH A L NOR [ fif s8R (14 52
Fig.5 Effect of different Co-to-Zn ratios on the degradation effect of NOR

222 A[E PMS @S FIATR] pH 454 % CoZn-ZIF/PAN AL BE 1 52 M

16 NOR ¥k & & 10 mg-L™", pH=7 I CoZn-ZIF/PAN ¥ iy 0.1 gL' MW HE &4 T, R T
PMS &%} CoZn-ZIF/PAN A AL RERY 2. H €] 6a FTI, 76 PMS & ini R 0 MITHOL T, RGN
CoZn-ZIF/PAN JEEXT NOR (W fiF A HIEE 32 224F H, BEET NOR Y 23 BR 2 /& 30%. Fifi 5 PMS $ i  FH
0.02 gL' H/I % 0.2 g'L™', CoZn-ZIF/PAN X} NOR [ [ fif 2% th 48.7% Y4 in 2 92.3%, ikl & PMS i
PR 0.4 g L7 BF, NOR M BEAR R EUE N T 2.9%. PMS it 0.2 gL' J5, NOR [ F i
FIFRA S22 TE, 5 R ER N H A BUAR (), 5 58 PMS ISR AR 0.2 g L7

76 NOR ¥}y 10 mg-L™", PMS # i  0.2 gL, CoZn—ZIF/PAN HIHEN R 0.1 g L7 BRI I 4
PR, W58 T R[4 pH {E X CoZn-ZIF/PAN Fifif NOR B A 52 (h &1 6b T 1, X4 pH 43 51k 3.
5.7, 9. 11 BF, HOGE R B NOR 9 B i 3R 70 51k 89.0%. 92.2%. 92.3%. 90.2%. 38.9%, i)t B CoZn-
ZIF/PAN 7£ pH {8} 3—9 543 3 5 A 16 v, oAt pH 25148 5—7. 55 HoAth 28 S5 i 44 Ak 570 A1
[, CoZn-ZIF/PAN EA ¥ vi ) pH i L .

Degradation rate/%

\

-




3750 T 5 i % 2%
100 —
ol @ (b) -
7 80 ”
S sof 7 . 8 7 1 7 .
g Z Z g %
7 /) b— /,
B 60} A v Z R
2 Z 7 = ? /
T‘é 7 % 7, "§ % 4
S 77 B 40 / %
7 % w1/ 7 /
nm o nmn
002 005 01 02 04 3 5 7 9 11
PMS/g pH

B 6 Al PMS 7N (a) FIASIH pH(b)XF NOR [ 45 i
Fig.6 Effect of different PMS additions (a) and different pH (b) on NOR degradation
223 CoZn-ZIF/PAN G R FI FHEFIAR & Pk
REAR R A e e X - LS B FH LA T 238 3. CoZn-ZIF/PAN & A 21 4 5 h T H AL RE 1 47,
5y F R AR Z R AT 43 B, SEBR R 5 (8. &l 7a 78 T CoZn-ZIF/PAN i 3 3 4~ A Wi J5 , CoZn-
ZIF/PAN X} NOR 1 R il R AT i F 80%. [A]HT, Co B T 1= H Mk B i IK F [ AR ME (2 mg L), i HA
TAPBHR ARG 1R AR BT AU

100 (a (b
[ 04F
80 | - g
S %
2 . 7 ~03F 17
= I
5 % =
.S :
s Z %D %
=] / / 5 02F 7
B4 [ 7 S
[a] / 2 7
7 % /
20k / 01f ,
0 4 Z y g / I 0 /4 / /” / ﬂ/ / I
1 2 3 1 2 3
Cycle Cycle

B 7 (a)CoZn-ZIF/PAN JRIM HITERE XA FIEER (b) Co B TIR Hi
Fig.7 (a) Performance of CoZn-ZIF/PAN cycle and (b) leaching of Co ions in different cycles

2.3 CoZn-ZIF/PAN &4k PMS [4fi# NOR (1) 521 HL ]
J T E—2 78 CoZn-ZIF/PAN {1k PMS 14 52 W ML, 4391 R FH E R 253 JCf BPR 43 B i AL %
it B A 0 B i L (& 8) . &l 8a AT AL, L DMPO A3 FIET, Bl 7 i PMS & &, K WL i

1 A 35 S5 W51 A CoZn-ZIF/PAN Ja iR 2 Fpa] JLHA S A3l 1:2:1:2:1:2:1 49 A i 315 S 1%, 37
1£°OH A1 SO, .

[ A% Degradation rate
[ @ L0 1% 2% $Rate constants gl
" CoZn-ZIF/PAN+PMS | i
sof | J16
©
. ) 7
3 T 60 77 412
Z 8 .~
: 5
g g 401 Z -408
A PMS A 77
a] 77/
L 1 L 1 L 1 0 G 0
3480 3500 3520 3540 Griphnal TBA MeOH

Magnetic field/G

E 8 (a)CoZn-ZIF/PAN/PMS & Z 1 [ 1 5E EPR £ &l (b) A 6] [ Hy JE 788 571 % NOR [ i (49 52 i

o

Fig.8 (a) EPR spectrum of free radicals in CoZn-ZIF/PAN/PMS system; (b) Effect of different free radical quenchers on
NOR degradation
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kB [ i NOR (1) EZ2IEPEW A, 20 SR BUT B (TBA) FTH B (MeOH) 18 b P K50 647 A Fh 2
VK S5 (#] 8b). B4 TBA HXTOH A K AEH, 1 MeOH X"OH #1 SO, #F4 ¥KAEH. Hi &l 8b 7]
H, 18 TBA VK, NOR (1) B R4 25 15 90.5%, i fdi il MeOH ¥ K J&, NOR [ [ RAU N 12% 7
A UL AT WL CoZn-ZIF/PAN/PMS 14 7= A [ fif NOR () ELIG IRl SO,

254 H SRV K SEES . EPR AT MRS, #E T i CoZn-ZIF/PAN i fk PMS B f#% NOR (1) 7] fig
iF F2 M CoZn-ZIF/PAN H i) Co* 5 PMS 1 (1) HSOs &2 i 4= Jilt SO, Al Co*, i Co** X5 HSOs J I A
B SOs™Hl Co™, LB T Co B+ HIPEH. [FlAT AR SO, 5 OH 45& 42 i OH Ml SO,» (5 1—3)1 14,

Co”*+HSO;—Co* +SO;+OH" (D
Co” +HSO;—S0;+Co* +H" (2
SO;+OH —-OH+S0Z (3

3 4518 (Conclusion)

K FJE AL A Kk, B CoZn-ZIF 3% Fi A 4x & A HLE 42 1 2078 28 M PAN 41 2 |, JFBiF 5% 17 X
PMS [ fELPERE. SEM. XRD. XPS S50 & Z5 ) RAETEH] T CoZn-ZIF W4 J& A HLE 22 0% L ) il &
114, CoZn-ZIF/PAN f#fk PMS F#f# NOR B S5 ER], CoZn-ZIF/PAN 1 LUfi{k PMS 74 SO, H H
FEFE A7 NOR; IR T LA 1:5 AL R A i, NOR F [ i 5 125 1K 92.3%; CoZn-ZIF/PAN Xif 15 W Y
pH & BIESR, 76 pH R 3—9 1) 56 3 Fl N 4T NOR AR R 15 K 90% 245 . GRS 06 2 B 7 L S
UEBH CoZn-ZIF/PAN 5 F [ H B A — & i fa e A e 2 R M. 28 Tk, CoZn-ZIF/PAN 7E 2S5
A A U LA A 1 I FH T S5
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