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WF 5% 5L T MOFs 19357 5 44 B MIL-53(Al) F1 H-UiO-66s % £ 25 5 K A WL 15 Y W (0 4 4 1 & B, MIL-
53(Al) Fil H-UiO-66s Y3 %t 43 ML 15 4 W) 7= A= e 250 09 W B AN 2 B 3X 3R W] MOFs B4 25 B 75 4L 4 iy v
AE. AN, MON %507 Fl Jp 24 2 U8 B 5% MOFs % 7K AR 75 Yt (i 16 2 30UR 1Y 25 S %, MOFs REA 3%
F 5 % A BLTS e ) . A BF 9T 2R K B ) 45 Co-MOF #EAL 7, It Ho Ak vk e k4T 7 R 4E . )
Bl , %% T Co-MOF ififk PS B fift £k 2 + 85 ZE Mk S & R AR . IFaE— 25 X B i S5 I 19 AL
PRAEAT A0, DA R o 78 g R A i R 2 1) T 2 B AR /K I 58 1 e 4 ol & 1 o7 FH 416 5 2%

1 #MR5E%

1.1 R A ER

SEHR . HIE =W (GR, Ligfha), =M (GR, EZG#EM). AN/KERE (AR, EZ
) BUT BE(CP, HZ5). iR (AR, EZy). iR + 85 K (H2); HAbH 40 E 255t 4
A, TLEFHK R EEFK.

SEER AN AR . KH-100 & Teflon-lined /2 IV 48 (A6 50 % & A6k ). pHS-3C %4 pH i (LA LR 2%2)
UV1900 B4 Hha] W66 BT (RN . SHA-C BUK IR TR IRIR 40 (i MNIRAE) . ZA3300 B K44
JE W o 66 BT (b3 H 37,

1.2 WHE

1) Co-MOF il 5. R 25 mL L8 F /K Fhetrr, MA 1.45 g Co(NO,),*6H,0., 1.05 g ¥J7K =
R A 2 mL = 2B, FRE B & 7wl 1P #E 48 Lk 15 min, SR )58 7% W % 7% 3] Teflon-lined J%
N2, R EICETE 190 °C Y A TR A P 24 he B RO JE T AR A0 (6 000 r-min ') 2 min 38 HX
UUEY, HOEEMEE FRSEREWPE3 W, 60 C HE#t T4 .

2) Co-MOF [ Ehe + B 928, I 20 mg L Eh M + B 2 TR esd, A —E &
Co-MOF F1 PS, 7 IRZE AR P RN 5 min, $F@E@ i IBURE, IF &AM 606 B 353 nm I K Ab
D3 WG RE , AR b o il G b IR R R N 5 MR . SEIR S R IR e Y BIE W, A
SRR R A 2 pH<2, SR A IR T WU 3 606 BE v e Fe b i 5 i . 3hiR & R KR
Ry A () #ATHE

(Co—C.)

T

Kb p AR EROEME; C, M C, 500

R R IR R 2 WP R e R RN ST Y R
mg-L™",

x 100% 1)

2 %%51?]’1@ (a) 10 um SEM4| (b) 500 nm SEM[%|
2.1 Co-MOF FK1E TR ' &

1) 14 B 8% (SEM) Flid 5t B 5% (TEM), i
iF SEM. TEM Al EDS % il % & Co-MOF f4 J&
SRR | RLAR DA B A S o HEAT A0 AT, A5 S L
K 1. I 1(a) #1 & 1(b) B9 SEM 3 1 ff 7w
Co-MOF J& i H iR S IR 4L B, A1 R A 1R 1)

KR AL Bk, $E200 30~100 pm, X 5 © 100nm TEMEL R —
YAGHI%[W] E/‘J%ﬁﬁéﬁ%*ﬁ M o 11[1 2;’)1"/?\‘ s |§| 1 Co-MOF Ef‘_] SEMiﬁ] TEM |§|

Co-MOF %A C, OFfl Cot K, H, Cout Fig. 1 SEM and TEM images of Co-MOF
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Z AR TR AR 5 TR, X E W] Co 7 Co-MOF Z5#g rh g F i vE . &l 1(c) MKl 1(d) 9 TEM F4E
Ji 7R, AW, Co-MOF J& i # Ik f iRl it , JFHEABRBE R FH . 20K, X5
PATTERSON %520 fy fiff 55 45 S 251

2)X HHE AT ST (XRD)., 18 3 XRD %} il %5 B Co-MOF ZE#9 HEAT 43 Hr . WnI&l 3 firos, 78 17.5°KF i
A W AT WX IR Coy(BTC), 12H,0 [ 54T (014), 3% % W] Co(NO,), 6H,0 F1H 4 = H iz

KASEERA, X5 UIEEHGEP ¢ Co-MOF 1) XRD i FH M .
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Fig. 2 EDS analysis of Co-MOF
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3.9%, iXj& Co-MOF H £ iy 4 fb 4 1 5 3,
WFN S 542 4123 BE5E MOFs 4844 ' 4 1k 1 g It
KB, MOFs HA e fbthng. 7655 3 455
W, U PS TR I E R R R R
21.5%, XJ&H T PS HIGE L N 3 8. i
1024 T JR B 3 Ak ik i R R v A AR A B R B A
FAERFEW, R b, WIS ESINE RN
ML, 2o B Rk 3 fil i o U WA ok 1 Y
TR R AL . 7RSS 4 SR, Co-MOF/
PS X R 1R T F RN 95.4%, X FERYSS
5 —FE, £ Co-MOF HA & 53k 1k
PS By fiE
2.3 M Co-MOF R+ ERZMEER

1) pH X R R T RREM 52w . K50
ANTA] pH X R IR + 25 R B ny 2w . an il 5
N, R+ T R AR pH=2.0~11.0 i} 44 A 7] 72
FE R R AR, Hod, X4 pH=5.0 if, XF R + %
KRR RN 97.1%, 4 pH=2.0. 3.0,
9.0 1 11.0 f, X &R R + 55 K A9 % M R 50 i Ay

Co,(BTC), - 12H,0
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20/°)
3 Co-MOF HJ XRD &
Fig. 3 XRD spectra of Co-MOF
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Fig. 4 Effects of different systems on degradation of
oxytetracycline hydrochloride
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Fig. 5 Effect of different pH on degradation of
oxytetracycline hydrochloride
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91.5%. 93.1%. 85.3% F179.8%, x5 Wifli—%, —Jrmieh SO, #1-OH 1t pH<3 i 5 H'kK 4 X
NI R Q) fM 3), FESO; M-OH #iE Bk ; 55— J7 & TS0, 5 OH FlK & A K h 51
1 & @) X (5)), FESO; Bk -OH,

-OH+H"+e~ — H,0 )
SO, +H"+e™ — HSO;, 3)
SO;+OH™ — SO> +-OH “)
SO; +H,0 — SO> +OH+H" (5)

2) PSR IR T & R MR . BIE 6 TR, 4 PS IS AN A M 50 mg 3 ] 100 mg
W, XFER IR 1+ B BB N 78.9% | L3 95.8%, ik W ERE T B MRS PS # R
BEOmmiAR K . i PS A F] 150 mg B, XFERER + B R BEMA R TR, JREJEHR T2 PS &
fii SO, it B LT I S8, f# SO, # PS Hi 4R G BR ™). R4 & 6 LA 245 R, Co-MOF i fk. PS [ i
MR + B R SR i AT A T Sy 2A AR R 50 mg A 100 mg PS TR T IV [ 4 814 il £k
R* 53317 0.992 6 F10.995 6, 1fii 150 mg PS ¥ Jin &2t (9 L & M £ h i R? 5 ik °4 0.989 3, T 100 mg
PS I LA th 2 i R &5 T S0 mg Wi, U A IAAS I 5% v fe A PS & &4 100 mg.

3) Co-MOF g X} $h iR + 75 RS2, fhIE 7 Al A1, 5 mg Co-MOF ¥R Xf #h iR + 75 &
() B i 2R R 77.6%, 10 mg Co-MOF 5 Jill 8 % 55 iR + 8% 28 1Y B 2K h 95.1%, Tfii 15 mg Co-MOF %l
BRI B R IR RN 87.2%, X FMMEE Co-MOF £ AN py i, hid 5 X LBR LML
WIEw RS W BGX R E SR R . O H T 2 SO A B IRIE BRI s o3 —
H T4 2 () Co-MOF 238 s i N A b B2 o AR 18] 7 i 85 M k45 2R, Co-MOF 1 1k PS [ i R 1R
T BRI S AR AW sl Sy E AL o S mg Co-MOF B8 il & 1) il 6 3 & & R e/
0.989 6, 1fii 10 mg 1 15 mg Co-MOF % Il it (9 i1 e & BE R® 4351124 0.993 7 F10.992 0, T 10 mg
Co-MOF 8 i LA B2 v () R Hcr, T LA RE AR 5% e {3 Co-MOF i~ 10 mg.

100 ) 100 - o
° A * A
A
75 b " 75+ 5
L}
% # 50k
-];é— 50 F = 50
Q(é A &
5
25k = 50 mg 25 F : IOnrlr%g
® 100 mg A 15mg
4 150 mg
0 1 1 | | J 0 1 1 1 1 J
0 1 2 3 4 5 0 1 2 3 4 5
ARl min Rl /min
Bl 6 PSHEMEXERLBLBEOLIR 7 Co-MOF /0 & 3P i mlia + B RERN K
—REhhFhLk ZREhHF MLk
Fig. 6 Effect of PS dosage on degradation of oxytetracycline Fig. 7 Effect of Co-MOF dosage on degradation of
hydrochloride and second-order kinetic curve oxytetracycline hydrochloride and second-order kinetic curve

4) I BEXTER R B R R AR SR  E] 8 S AN]SR I B X AR R b R R R R . &l 8
N, AE 25 CHF, WERIR T R M RE R A 82.1%; 7E 30 C I, XJ#hR + % R 0 B i % T3
92.3%; M4 45 °C I, XFERIR + 5 R MM K535 95.6%. X WBEE W IR B TH s, wFEhme +
BHRMEM R WP Z K 1E Co-MOF/PS AR H, SO, 14 AL #E Co-MOF W id LR, if
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PR BE S o B R AR I, P A &R b PS R BGE AT, s TR, PS 1 O—O i
5T WL, SOFAY AR MU 2 R, M $2 i 0 R 2 - R A B AR R . LR A HGE PO ik 92X
S, UL SEE I R A BT Al B R £ i

100

R K S R OB B i i . :
MG B X e B 07741 80 6 A A L .
SOy, i 75 FH ik isk 2 o SO 24 1l ik ¢ 2 g

Be, A 0 0 36 A (MR sl g

RIS BRI, JSUIA A2 o T A o A | : o

PRI PR o e 22 R AR ST A B R R I A S| ' a45C
KIG YRR AE R RN, A E AL AR
MR, BEE RN, pH, B TR &

AL TR RE 25 th 20 7 A A R B, O L O o 1 2343
Sx SN BT e ) W AR L AR ] 8 45 R T PRI min
., Co-MOF {1k PS [ fif £h ik 1+ 75 % i 8 1 2% B8 ARIEENSERLERORBIME
26 75 5 o G 3 1R, H 30 °C g i = A D7

Fig. 8 Effects of different temperatures on the removal of

LRIAREE R BE M 0.991 0, HHEE 30 °C A
WHF I 8 e A% S I TR

oxytetracycline hydrochloride and second-order kinetic curves

100

24 EEFIM Co-MOF ¥ g + B RMEMEM
2 Sl

HE AR P R A A 0 A 7R 12 i ) T )
J64%, £ 9 Sk Co-MOF T 42 7 FH X e i 4 12 + % sl
WH MW, W O PR, Co-MOF 4 4 Kid = -
105, XERMR % R W B AR T R 82.1%, 25 | —e— 2%k
B F W) Co-MOF R i ke . Joh, & B
BRI L7 R PR R AR A I H 2 . — D7 o3 : : : : :
T Co-MOF {fi ft PS [ fift £h W2 + % Rt , <A G el /min
I BE Co(Il) 935 LAt : 55— 7 o 557 CoMOF HEHLE
s T Co™ Bl & £ U B M BB 5k (U +tESHYN
6)s FARBITSE R EEEN LIFR, Fig. 9 Effect of recycled Co-MOF on degradation of
23 T{j Mo A /Ei\ 2 j»j 1x107 mg'Lﬂ ] 1;/_3 oxytetracycline hydrochloride

(GB 25467-2010) (45 HEROAR ME N BB & i <1 mg L™, #ARRBFSE th Co-MOF i F A 25 % 31 55
SR AR SR
Co*+8,02” — SO; +S02 +Co** (6)
25 RMNHE
1) Co-MOF [ fift £5 R + 85 28 ) W HITJ 19 XPS FRAE . 3 48 XPS Xf Co-MOF [ fift £h iR + %5 &K )
HIJE B2 70 B4k #6470 . 181 10 25 Co-MOF J2 1 {if Ji5 9 XPS B35 . 4n&l 10(a) firx, Co-MOF #4
) 5 S 15 6 T RE TS 2 B Co2p. Ols A1 Cls 3 PGSR . 7E Co2p B0 XPS HEiE% (K 10(b)), =
I R (4 Co2p1/2 i1 Co2p3/2 (145 4 BEXT N 781.4 eV 1 800.4 ¢V; TE 786.2 eV i s {7 J2- py % e 185 J 11
H Co ) sp® Z2 ML FTIE . A WFFECY B, FEARZE A RE— MK 781.4 eV A& IHJE T Co(1l), #ERM
Co TEM B 1) R EAF AR A Co( ) Ak, HAE pH=2 B % B B A5 fk, i e pH=11 B} Co2p1/2 X}
N7 F) i B B S R 5, 3X K B Co-MOF 7ERME A5 F AR e o IRl 10(a) AT, 7 pH=11 B J2 1 J5 1Y)
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Co2p Ols

’{LPH:”EL’T‘ZE 1/2Co?
Cls TEpH=11)2 Vi )7 0 3/2C0%
o
g
tepH=25 1 I 1/2Co** '
1/2Co**

A}

1000 800 600 400 200 810 800 790 780 770

it heleV ZE G REleV
(a) SEflE A (b) Co2p

EPHM
TEpH=11 )W/ )5
TEpH=2J W)
292 290 288 286 284 282 280

536 534 532 530 528 526

HifhieeV ditfigeV
(¢) Ols (d) Cls

10 K KIATE Co-MOF #J XPS [Eli%
Fig. 10 XPS spectra of Co-MOF before and after reaction

Co2p W AE A BT Th i, 3k 2l T ostE 5 1 F Co i Ji N Co? i 8t X (7)) &1 10(c) S 7 1Y J2:
Ols MtTE, S HT A1 S & (1) pH=2 |2 i 5 i 45 & BEIE 4l 532.4 eV, 3R] CO-MOF H iy R B %
BZEWIN, 454 Cls i XPSOLIEH (& 10(d)) B %cHs, He5Grema ZAEm B ik, & L
&, Co-MOF HA RIAFryfaE .

Co* +OH™ — 3/2Co* +H™ +1/20, (7

2) Co-MOF [ fift 52 + 5 2 2 W R (9 XRD R AE . WK 11 7%, 1F Co-MOF [ thig + % &
SV SE R, XRD % H Coy(BTC),  12H,0 Xif I 14 I 58 FE R# I, 3X 2 B Co-MOF B4 ) 78 B fiff 15 iR -+
BENSBEPAERL.

3) [ KX Co-MOF [ fift h ik + 75
KWW . N T i E Co-MOF 1% 1k PS FT 7= 4=
GOREN:E YL B RE N B S N g R AT

Co,(BTC), + 12H,0

AR R PRI REAELER B 3. ARPTJRAT, Pk SR
1ML PR A1 22 34 ok -OH M SO A ¥ K57, AL T
BEAY R -OH By K50 o an & 12 T, i AL i

TEERSE A b, R LR R SR
INALAR FeA s R, T A BTN I R 0 £

10 20 30 40 50 60 70

HSEE 2 b, Eh R 1 B 2R A0 R SR JC U 4L AH 200)
Fb K R R B, X R AE LR + B R B B 11 Co-MOF R RIFi/S & XRD i

S ) A v R K E SO, F-OH,  H.SO; & it Fig. 11 XRD spectra of Co-MOF before and after reaction
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FRERB . pH2 AN T, AR
M. CEEABUT EG, M A&, HhiR
B R BRSNS BT, AT B
S I8 2 % b R - B 3R A R A R B T RO T
55, iXZRH-OH fEMRMEAM NS TR, bR
SCU BF S8 %W pH X -OH B 52 M0 I 2 30, R 1k
WEEHE 5 F-OH B A i, 24 pH=11 B, ZEMA
VERFIG, KB iR iR + 55 2 B U

AR TR E AT, R i T PR B WA
R F-OH HI K Bl 12 e RHIE R R pH TRy B AR S A
3 ££E@ TERENEM
; Fig. 12 Effect of free radical quencher on the degradation of
1) SEM. TEM #l1 XRD (1) Ak 45 R R W, oxytetracycline hydrochloride at different pHs

K FH 7K 3R 1y il #& Y Co-MOF . 124 1k 57 H
B U M PERE , 7E Co-MOF 3k Ji 2 200 mg-L™'. PS ¥ &y 2 000 mg-L ™' i, 5 min J& Co-MOF/PS
XTER IR 1 7 R 1Y PR R IR B 95.4%,

2) Co-MOF # it . PS 4% Ji 2 Fl R JE % Co-MOF & £h 2 + 55 Z A 8RS, pH X [ i 5
MR+ EBEEMA K., H, Y pH=5, J&EF 30 C. Co-MOF &EHk 200mg-L™"', PS ¥k N 2000mg L'
fF, Co-MOF/PS X £ iR + 5 2 1 i R ] 1k 21 i v o

3) #H & F| H Co-MOF F#ff EhiiR - 75 F 45 R %W, Co-MOF B A nf & FHERE . Co-MOF i
Hil J5 1) XRD 1 XPS #5445 £ W], Co-MOF HA RUFMRETE. H H MRS SRR, 7RI S
R, SO, F1-OH Xf#h R + & R M A oawk, b, SOy iy stk K.
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Cobalt metal-organic framework activated sodium persulfate for the
oxytetracycline hydrochloride degradation in wastewater
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Abstract The newly prepared cobalt metal-organic framework (Co-MOF) and sodium persulfate (PS) were
taken as catalyst and oxidant, respectively, and oxytetracycline hydrochloride in wastewater was degraded by
Co-MOF activated PS, the effects of Co-MOF concentration, PS concentration, pH and temperature on the
degradation were investigated. The results of SEM, TEM, XRD and XPS proved that Co-MOF was successfully
synthesized. The degradation experiment results show that the degradation performance of Co-MOF/PS was
greatly higher than Co-MOF and PS alone. At pH=5, 30 °C, Co-MOF dosage of 200 mg-L™" and PS dosage of
2 000 mg-L™", the degradation rate of 20 mg-L™' oxytetracycline hydrochloride reached 97.1% after 5 min. In the
repeated use experiment of the catalyst, the degradation rate of oxytetracycline hydrochloride in the 4th run of
Co-MOF decreased from 97.1% (in the Ist run) to 82.1%, which shows that the Co-MOF material could be
reused to degrade oxytetracycline hydrochloride. The XRD and XPS data before and after the oxytetracycline
hydrochloride degradation reaction with Co-MOF showed its good stability. This study can provide a reference
for the development of new and high efficient degradation systems and their application in the field of water
pollution.

Keywords oxytetracycline hydrochloride; cobalt metal-organic framework; degradation
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