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Abstract: A series of MnFe,0,@ TA@ UiO-66 composites are prepared through using tannic acid (TA) to modify
magnetic manganese ferrite (MnFe,0,) ,followed by a hydrothermal reaction.The degradation efficiency of tetracycline
(TC) by MnFe,0, @ TA @ UiO-66/peroxymonosulfate ( PMS) oxidation system is systematically studied. Results
demonstrate that MnFe,0, @ TA @ UiO-66 composites exhibit superior catalytic performance compared to pristine
MnFe,0,.The composites prepared are characterized by means of SEM, BET, VSM, FT-IR, and XPS. Characterization
results confirm the successful synthesis of MnFe,0, @ TA @ UiO-66 ( denoted as MFTAU-0.4) , as evidenced by the
consistent functional groups and crystal plane diffraction peaks with those of MnFe,O, and UiO-66. Key operational
parameters are evaluated ,including the composites prepared under different ratios, PMS concentration, composite dosage,
initial pH, coexisting anions,and natural organic matters.The influences of these parameters on TC degradation efficiency
in MnFe,0,@ TA@ UiO-66/PMS system are examined.The degradation mechanism of TC by this system is analyzed and
explored through quenching experiments, EPR analysis,and XPS characterization , revealing that 'O, and O, -~ serve as
the dominant reactive species responsible for TC degradation. Stability and reusability assessments indicate that the
prepared composite reduces metal ion leaching significantly while maintaining structural integrity. After experiencing five
consecutive reaction cycles,TC removal efficiency by the composite retains 74%.
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(BET, & [H 22 v BR B4R s AN AR A H]) o
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BRI EIR TR 24 b, (i F ARG R i S =
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1 mmol) AT 25 mL DMF " BlJE K2 AW S 5 mL
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7R, Ui0-66 f 7 T MnkFe,0, AR K

P

(¢)100 nm
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(b)Fe (¢)Mn (d)Zr
E 2 MFTAU-0. 4 43 &
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(1564 em™) 57 C=C #EZ (1 400 cm™") FIHFF
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MnFe, 0, 41.195 3 0.281 518 19. 480 3

B RFLEEFI B . MFTAU-0. 4 1 BJH fLA240#i &=
BLAEPAE 1~2 nm WRLFLAT 2 ~30 nm B HFLIE I,
MR T 50 nm BYRALITAHE D, MFTAU-0. 4 (1L
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FIREYE, I 5 BTk, MnFe,0, ()40 FRE 35 5 N
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MnFe,0, J8/0 T 7ESOVAR R H ARG 1 LA

75
I 1
2l ?2

miEi—Ty

w
(=

AL SR BE / (emu - g7)
s 8 o

0 20k
7R BE 1 Oe

1—MnFe, 0, ;2—MFTAU-0. 4
5 MnFe,0, 1 METAU-0. 4 7 # [5 4 Fn
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2.2.3 An4s pH PMS MR TC #7144 R L ARACH] 3%
T F 0 %5

(1) ®1kh pH Y52

T A SR $ 98 pH S Y FELE A
FHFEEHIRZ—, £ 25 mg/L TC.0.2 o/L i fk
#1.0.2 ¢/L PMS £, WA T /2 WAk & 7690 1R
pH 20514 3.5.7.9 11 BXF TC AYEBRECE , 45 5 an
Kl 8(a), FEMRMERBRIESMET, TC I LR FIH1E
80% LA I, FH] MFTAU-0. 4 7E# S8 1) pH 78 Bl 9 X
PMS A5 m i v, SR Z 2L 10, % ROS
MR IR RS R . AR pH Z B4 E
—EMES, pH=T7 I}, TC EHFE K 90% >4 pH=
3 Ml pH=5 I TC ZLERFTRE R 83% il 87% , X J&
P OMVE I P AR KR HY 22 5 HSO; Wi 0—O0
ST A B FELAS MFTAU-0. 4 5 PMS B9 A0 B 4E
FAPY . 4 pH = 11 B, TC 1Y 2 & R0k % - 73
91% ,3X 1] fig 2 PR o0 76 5 B 45 14 F 235 4L SO% X
HSO; o 0—O0 $ 1y S8 A% Yoy, i1 PMS 45 %) 41
fifIf A B B AR TR 10, DR T i S Y S
KR A pH =7 B A Rk AT,

(2) PMS ¥ B3

WE 8 (b) fiF A5, 78 pH = 7. TC ] U ¥ & N
25 mg/L MFTAU-0. 4 #lE 4 0.2 o/ L BAIFT,
WG T AR /Y PMS X TC FIRE#AER . 24 PMS
WePEH 0.1 o/LHNE] 0.2 o/L B, TC Ay B Fh
82% 3G K F) 90% , iX =K i PMS J& ROS ) F %k
U5, HoHe JE TH e 251 ROS Y e i T ; 4k e 1 i
PMS ¥R EEI TC 1Y & bR R & Ws /N, iTeE R 21
PMS 23 53 MFTAU - 0. 4/PMS & & 72 4 3o & (19
ROS, 1 P8 o 2 ) e A= 5 4, O A 1 ) IS g AN )
T TC AR, I, 548 0.2 ¢/L /N PMS 1Y
IR

(3) TC LR BE (1) 5 )

Wi 8(c) iz, 7E pH=7 PMS ¥4 0.2 o/L,
METAU-0. 4 $HE 4 0.2 o/L B4 F 5 T A
[ TC %) 1 e BE X MFTAU - 0. 4/PMS 14 2 [ it
TC s, & AT A, BEE TC 9] Uh vk B T, B
ff R B W T B, X2 RO MFTAU-0. 4/PMS 1k R
AR R RN EE R SR R — Y R
B K B 22 P A AL Y R A4 ™ A 5 R R s v
KA RN ZBEAG X TC B

(4) ARSI & 1) 5% M)

FHREFT MFTAU=-0. 4 IR TC J2BR3AY 5
Wi, 7E PMS ¥RPBE R 0.2 ¢/L pH=7 .TC ¥R E N
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25 mg/L WA T AT T SE o, 45 SR Al 8
(d), ATLLAE H MFTAU-0. 4 #+H 0. 05 ¢/L 42
=3 0.4 o/L B, TC ZERFEH 77% 45 mF] 94% , X
JE MBS R METAU=-0. 4 f8 8800 ] 448 K g ik 3% i
LA 20 B bR 3% 7+ 5 MFTAU-0. 4 3R
(TG PR B f 25 G TR IS 1Y Ak B v, PMS |
TC F1 MFTAU-0. 4 Z [H] 943 32 il ML R A5 2 T
Hahn AR BE PMS F2AE RS TE M A A A

1.0f % Ak

0.8

s 0.6+

S o4l !
02f :
1
0056k 40 0 40
B[] /min
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(a) ¥l pH
1.0¢ L& A
0.8
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(b)PMS )i

1
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1
1
1
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120 80 <40 0 40

i ] /min
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1.0f 52 B 1 A
0.8 1y
o 0.6 N
O 0.4F 4!
-120 -80 -40 0 40
Fif [H) /min
1—0. 05 g/L;2—0. 1 g/L;3—0.2 g/L;4—0.3 g/L;5—0.4 g/L
(d) AT N i

B 8 4 /NFE &KX MFTAU-0. 4/PMS & %
A TC B
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JEHEAL AR TC , T3 55 R AR 3R I B A s8R . Y
MFTAU-0. 4 A1 0.2 g/L #2555 0.3 g/L Al
0.4 g/L B, £k 3 % B =2 3%, {5 7E 4 Ak B B 3
60 min B, %F TC 19 2% B3 A R/ £ 5, BB
L5 75 TR R R, 8 0.2 o/L M 4L
R
2.2.4 EXHEMET AIRG Y

51K IRIE BE A TCHLBH B Rk 43 WL 5
FRIT METAU-0. 4/PMS & R 7SR H 8 77,

WK 9 (a) FrR, BRERAR B T % MFTAU-0. 4/
PMS 1K Z M TC FE7E— & WA HIE R, X2
R AR B3 7 A& AR K it = R IR TR SR B T, R B & Tl
FESARAS A, N T B M BCR I FEAL™ . anEl 9
(b) FIi7Rs , ANFHEBE R CL™ R TC WA 1805 1 5%
Wi, Z2BILL 10, M FES ROS ) MFTAU-0. 4/PMS A&
FA RIFMHT CIMEIEN . & 9(c) Fias, NO;
X} MFTAU - 0. 4/PMS 14 3 % fif TC A7 5 U2 i AE
FH 32 T NOG G o4 4800 5 7 A 5 (e 4
SRR i g —8Y  mE o(d) FiR,
PO X TC W REARAELEMEIEA, 4 A 1 mmol/L
POY I, TC [ 3 90% F [ & 80% , I J&
PO; IKfFA ) H,PO, AR 4 i 45 4 550 T L5 4
1 TR ol ol W AR A Y Vi 3 1 D F A
TEPEOL S A, Y PO WREE R 1 mmol/L 3415
10 mmol/L B, S/ FHA Brosi 55 , i v] g2 K Ry &
WeRE PO MK AW pH T, B 25 1k 2
#AL SO; Xt HSO,™ o 0—O0 5 il 3 4% o iy, (H 43
PMS B 455 53 9 77 A BAT AR M 1O, , DT st
55 POy MIHIMEH

1.0

1
1
1
1
ey
-120 -80 -40 0 40
i8] /min
(a)COF

1.0F 5 Bf Ak

50

1
1
1
1
1

0

~100 750
B} 18] /min
(b)CI”



- 130 - P AL T F45EHBI10H
1ot AR TR 0,7, Ll g5 R e 11 (a) Frs, AL
0.8f i IRR PG CEERUBUT BEE, TC R AR 5 51

ol TRET 10% 80 4% , SLIIR R = A4 T A hki S0
o Al-OH, H 5K S £ % 1 ROS T 245 ASEREA
ool X AR, TC B35 5 R T 23% 0 17% , KW
120 80 'w—éﬁm'in o 40 TEVR R S AL B R EE 10, A1 O;
(N0 Rt — 6 MFTAU-0. 4/PMS 1K & 1] fig
- A ROS, i i DMPO FI TEMP 1y 1 e 4 45 77,
Loy BE i SYIAE SO, —OH 05 F1 10, #E4T EPR 4M7, 45
o HANPE 11(b)  (c), 4R EPR 25 5%, 8 MFTAU -
ng 0. 4/PMS A Z 47 K 31 9] & ) DMPO - - OH +
0:2 : SO, FRMEWE A 8 2SR ) DMPO-0; 155 ; 24 W)
ool A FALIRRINA TEMP J5 , B 2 BB UL S| AL A 1 -
e e 1:1H TEMP "0, $#iF e, a8 11 () fis. B,

(d)POT
1—1 mmol/L;2—5 mmol/L;3—10 mmol/L;4—2%% 4

B9 ZTH.MAEFAM MFTAU-0.4/PMS & %
AR TC By 8l

WE 10 Fis 858 T KT A IG5 IR R Z,
e VU 202 8N (EDTA) X TC B A 2% J B 52 1
B % J FE 2 A1 EDTA Y& B T+, ¥ MFTAU - 0. 4/
PMS 1R R B TC A BEARAE WA B G , i EDTA
(R BELASAE T B8R i T IS FE IR . X J& Ak EDTA 38 %
PEAVE RS TV T 48 2+, INA /) EDTA 5
AL T 4 B8 1 &2 B A IO, B AR T AR )
TR TEPEN 55 W EDTA 278K [ iy 3 1 [
I TC REMRE

1ot R LI
1
1
08} '
1
< 0.6+
\u
Vo4t .
\ 2
0.2f 1 1
1 3 5 4
0 0 1 1 1 1 1 1 1 1 1 1
T-120 -80 -40 0 40
i E] /min

1—5 mg/L EDTA ;2—10 mg/L EDTA ;3—5 mg/L JERIR
4—10 mg/L JEHHER ; 5—2 H
B 10 B E A LR AT METAU=-0. 4/PMS
KRB TC W EH
2.2.5 AEfepE
(1) MFTAU=-0. 4/PMS & Z 3G P4 Fh i) 2 51
K TGRS R 4 571 MFTAU-0. 4/PMS
IR R AR TC i fE b iy B 2GR 7, R B
AT BEARTE K SO, Fl-OH BEEEAE R 1O, K5, Xt

ZEGHE KRR Al EPR M3 R B, MFTAU-0. 4/PMS
WHRF 0 f1 10, = ESHIEHEYR,

Lof Ak
08}
0.6}
21
0.4} -
02} 3
4 5

c/c,
/

007580 =40 0 40
B} 8] /min
1— B ; 2—XF 200 5 3— L s 4— BT I 5 5—25
(a) A M BEVEK 28

» ) .
I Y
;:&1‘%1 b ﬂ ’g JI ] [i F‘E*”)‘Q"N“' ;§

q U 4

3460 3480 3500 3520 35403560 3460 3480 3500 3520 3540
e W3%1G

(b) 05 Y EPR &0 (¢)'0, [ EPR A&
B11 A@E#EFEXERLK O, F 0, H
EPR #:1]

(2)XPS HLER > H7

St — L WE5E PMS WG AL HLEE, R FH XPS S
TEXT RV RIS MFTAU=-0. 4 2 & #6122
FREATRAE (B 12) , 2 12(b) W, C 1s fY 3 4 ik
FE SN R BYAE A B X TC R B F B 5 1
B, 7ER 12(¢) " 710.78 .719. 05 . 723. 88 eV Abi)
UG, ST XTI T Fe 2p,,, TR 2p,, Fll Fe 2p, , 55
g, 710.78 eV Fl 714. 19 eV EXT R Fe™ Fil Fe** | 5
& Fe SR RAHXT HLAE 535114 53. 09% F146. 91% , I



2025 F 10 B BANEE  BTEIBIOVERER R @ Ui0-66 BT TRERERIE AR /K PO R AVAR - 131 -

2 )5 Fe¥ &t BTV N 54. 48% , Fe® (Y& TN
45.52% ., Mn 2p {EEANE 12(d) , S BIATF Mn 2p
TELS G BE N 640. 95 eV H1 652. 39 eV AbA[ 43y 2 4>
W 73 3R Mn 2p,,, #1 Mn 2p,,,, Mn 2p,, ) L2
WA T 646.52 eV, Mn 2p,, E 639.34 641.08,
643.46 eV Ab1Y 3 AN 43X B F Mn® (33.5%) |
Mn®*(31.91%) Fl Mn* (34.59%) . 2V J5 Mn® &
i LT 45.94% , Mn™ & RIS A TR E 29.85%,
Mn* & & TR 24.21%, FEE 12 (e) W, 0 T
182.70 eV F1185. 08 eV 1Y Zr 3d WEXF I T Zr 3d,,,
M Zr 3dy,, . MALV)G Zr 3d,, Z5AREM 182.70 eV
Bah3) 182.93 eV, i Zr th 25 T L N, X
Sugk MW /E MFTAU-0. 4/PMS 1K & th b & 7r*/
Zr* Fe’*/Fe” Fll Mn>*/Mn™ /Mn*" i) B AL A SR SV

PEARTR R TH AR XPS RS EAnE 12(f) Fios , 7
530.17 ,531. 26 .532. 04 ,532. 98 eV L&) 4 i,
S35 JE TS AL (Olatt) 2S5 (OVs) (R 5
(- OH) A B 9 H,0 ( Osurf) 2 2% J5 A
AR Y Olatt AHXT 55 5 FEAIG, 3 55 Ak 550 3% 1 119

0ls co N\
Fe2p Cls 285.23¢V
C=0 (50.25%)/
1 Mn 2p Zr3d R e

{1 (16.1%):/'/ . \

\ C=C
\-284.8¢V
\ (33.65%)

c-0
_o 285.23eV C=C

c \ -
\ "284.8eV
288,83y 3544%),
v \ (42.84%)
@1.71%) (42:84%)
__

TR /a.u
l N
SR /a.u
)

i N\
L L L L L L . .
1200 1000 800 600 400 200 O 290 285
Ziffiglev Ziatklev
(a) iR (b)C 1s
% Fe* 2y M 64095V
2 71078V 65239 ¢V 646.52V(310105)  2psn
) /A (53.09%)~, 1 2, TEH 0gevy o
af > 4 S =l
- . P
= TR . 2 (3}_[ 59%) (33.59%)
J&;&( Fe* lgzl( 643.46 eV 639.34 eV
714.79eV Fe
M @691 per  sha) | BB Mot M
@5.52%) b Mnt+ (45.94%) (29.85%)
o /A N 2 421%), S 4
2 el
L L L , , L L
730 720 710 660 655 650 645 640
ZibfkleV g5 fB/eV
(c)Fe 2p (d)Mn 2p
3d,,, 182.73¢V(61.01%) /~\\ OVs
y slev \ Eké?;,‘,’
(30.19%) / 2\ Olatt
0 . sty / -S017 eV
= = 77%) / (23.44%)
=l — B ove
% Eﬁ 53204eV 7 53126V
34, 3d,, 182.73eV(60.74%) (45.48%) 7 \# (26.96%)
185.19¢V(39.26%) saonds / L ol
S 2 1.2%), = (16.36%)
2 \_ & — N
— B—— .

185 180 535 530
A fEleV e elev
(e)Zr 3d ()0 1s

1— SR 52— I I
B 12 R RLHTJE MFTAU-0. 4 ty XPS Ei¥

AR BT Fe Al Mn™ /Mn’") # B AL L) S i A%
PR R BB RAT C . 825 (0 (OVs) AHXT B i e
NS B A, 32 Rk PMIS 7 Ak 300 22 181 & A6 1 %
RS A E WA A 3 E Rl VA 4 o s o A
RIS (- OH) BYAHXT 7 12 S W HITAY 38. 38%
FTE NG 65.52% , % Bl MFTAU-0. 4 %1k
PMS [&f# TC (3 FErf , MFTAU-0. 4 1 &4k T &
Ak, LTI RL R R 3L R T AL R, R
O—H {37 25,7 LUIAE M A 1 ROS B 3E PEAL 15, e &A1
PR RE S BN B HEA T

ST B AHTRT i S RS B MFTAU-
0.4 ififk PMS F#fig TC ROMLEL, 18R O i 2
YEIFP 'O, A1 O, A 2 Fl=E ik Dl OVs %
FIEALHLE . B8, T OVs B BRI Lewis MR
PE,PMS 43 (HSO, ™) 4 W b 2] 44 £k 77 2% 1 OO0 56
IR 0,( 2)  Fe*/ Mn>"™ /20> 5% LA W Fh
JIE AL AR B O, , 5 A 40 (DO) B2 18T I B 1)
0,, W P TFEHEBRMIEM 0,7 (X 3) ., N THEE
AT 2 i 1 F e AT, A B Fe®*/Mn™ Y /7ot ]
DI 2ok A S kg A L, A8 D Fe™ /Mn™ >/ Zr™
(X 4), "0, AT LLHIE A (Oy ) 5 HSO, id it 45
KGR 6) . ORI e RS FEHES
5 PMS WG LG A R 1Y SO5 (X 7)), iEPER
SO BERE 5 H,0 N ™=AF1 10, bLid A ik Ji
777 AR R 4 LT T LA B K DO R R 05 (2
9),1Mi#Bs 055 H R BAER 10, F1 H,0,( 10)
MFTAU-0. 4/PMS A& 2 & 4= 5 09 05 P o7 4, 38 2o
IR 2 PR S — RN RS A TR
Fil 'O, i1 O, F&fR TC,

2HSO; &ZHSO; +0, (2)
Fe** /Mn>"* /7" + 0, Yo,
Fe** /Mn®*** /Z¢* + 0} (3)
20, + H,0— "0, + H,0, + 20H"~ (4)
2Fe /Mn* " /726 + 0; —
Fe** /Mn*"**/Z¢*" + O} (5)
HSO; + 0y — HSO0; +'0, (6)
Fe**/Mn’*** /Z+** + HSO; —
Fe**/Mn****/Zr** +S0;” + H* (7)
280;” + H,0——1.5'0, + 2HSO; (8)
e+ 0,(D0) — 0} (9)
20;" + 2H* — '0, + H,0, (10)

2.2.6 HHERAFZHLEEEM
PR T ) B 5 ) I R BPA I s o 1 0 1)



132 - A AL T

FHEFEIR . FEAH R SE00 258 T, X IR i) MFTAU -
0. 4 PEATIEERRE A A, 45 A0 13 (a) i, BE
BV BRI, TC BRRB W PR, 2R
FIREEFIHE, TC KBRREE 74% , 58 R
TEET 16%, X EZEF TG G, %&
TGP A TS, S BGOSR, Ibsh, 7E
B ML A s A b A A /N v ) 7= 0 TT REAE A
ERIF AR WAL S PMS J& TC 14 543%
fik , S T RAEARR R AR

S5 {87 FH PR B A5 B AR R S IR (1CP -
OES) I it AL AL BT H 19 428 25 F (Fe/Mn/Zr) 1)
i, IS Ak R pds e e, anl&l 13 (b) Bios, 7E
pH=3.7 11 4%/ T, 5 MnFe,0, #f Lk, MFTAU -
0. 4 B AR T RV B 112 R B 344 BT
/b FBH MFTAU-0. 4 & & MRHEA 3 & A e
S BRI i B RS YL D

Ist 1 2nd 1 3:d 1 4th o Sth

1.0}
0.8}
o 06f
© 04t

0.2+

007300 400 600 800 1000

B} ) /min
(a) MFTAU=0. 4 X TC (B AR50 R
< 0.08

< 0.06F
20041 Fe

T

1

]
=< L Mn !
Egg(z)_ Zr Mo 7, 1 Fe Mn g
= 0.02+ Mn | Fe Mn
< 0.04F Fe :

1

1

I

1

1

S, 0.06F| (M
0.08

MnFe

0.10}
0.12}
0.14 1=

3 7 11
pH

(b) MFTAU-0. 4 fl MnFe, 0, 4 J& &5 T2 1 i
K 13 #EFF T MFTAU-0.4 % TC 1y
BHEZREURABREFEZHERL

3 #ig

(1) AT RRAB MR R 4, R A Jr ik
fdif5 Ui0-66 1£ MnFe,0, & 4 1K | i i 7K $5
#1145 MnFe,0,@ TA@ UiO-66( MFTAU-X) #5858 &
Mk, XEHERIEST SEM BET  XRD 25 R AE , 45 AE
R4 R 2 2, METAU=-0. 4 108 1 2 i AR
FLBREEHE , L AE Fe Mn Zr Z 4 BB RIFVEH T
it [ Bsh EL A I S R B 5 e A T R

(2) B4 119 MEFTAU=-0. 4 FH T-1% 4k PMS %

F4555FE 108

fift TC, 7€ TC IR E HJ 25 mg/L W14k pH K 7,
MFTAU-0. 4 B4 0.2 ¢/L PMS ¥ H 0.2 ¢/L,
SN IREE R 25°C FRIREG 2 220 o/ min KRR
50 mL 1Y 5 AE R FE W B AR AR B 1R 4 R RO
180 min J& , TC Z:BR* 35 F] 90% , A Hb T 5 fiff
MnFe,0, A AL FR0H . LA, MFTAU-0. 4/
PMS A fbik R A5 pH B FHTEE (3 ~11)
TR AL 25— AT 2 AR B8 - XT MFTAU-0. 4/PMS %
IR R B TC A IR, R SR A AL I 5 2 52
M /N, 4 JE e TR R R Es R UL MFTAU-0.4 H
BRI EE, 40t 5 WE R IEFF %, MFTAU-
0.4 X TC A4 H 74% 1 2 BR%

(3) WK 52 F EPR 4347, 0, F1 O, 7E/
fife it R R B TE Y, X TC B R
MEAAER . %R NETE M B R ETTR NS S &
HEHFAT XPS RAEFN ST, 5 1 P 3 8 (%) fi AL AL B
%‘@:, DR EIEESNN ST Fe Mn Zr &R E T
a5 muk e A 0, V24 ROS; &8 B T
5 S0, R i=H4E ROS,

TIF 5 235 SR 0T IR 43 S S50 R 3R 1) o ik B A%, BV e
g A B AR AR A i B AR 4, SE H AR TS
P )P = R i B — R R

S 3k

[1] Zhang X,Cai T,Zhang S, et al.Contamination distribution and non-
biological removal pathways of typical tetracycline antibiotics in the
environment ; A review [ J |. Journal of Hazardous Materials, 2024,
463.132862.

[2] Wang C,Cao T, Lv Z, et al.Fabrication of Ce-doped macroporous
carbon fibers for efficient degradation of tetracycline by activating
persulfate[ J].Journal of Rare Earths,2025,43(3) :480-489.

[3] Ding W,Zheng H,Sun Y et al.Activation of MnFe, O, by sulfite for
fast and efficient removal of arsenic( Il ) at circumneutral pH: In-
volvement of Mn ( Il ) [ J].Journal of Hazardous Materials, 2021,
403.123623.

[4] Dai S,Tissot A,Serre C.Recent progresses in metal-organic frame-
works based core-shell composites[ J].Advanced Energy Materials,
2022,12(4).

[5] Gu A,Wang P,Chen K, et al.Core-shell bimetallic Fe-Co MOFs to
activated peroxymonosulfate for efficient degradation of 2-chlorophe-
nol[ J].Separation and Purification Technology,2022,298:121461.

[6] Yue X,Guo W,Li X,et al.Core-shell Fe;0,@ MIL-101(Fe) com-
posites as heterogeneous catalysts of persulfate activation for the re-
moval of Acid Orange 7[ J].Environmental Science & Pollution Re-
search,2016,23(15) :15218-15226.

[7] Tripathy S P, Subudhi S, Das S, et al. Hydrolytically stable citrate
capped Fe;0, @ UiO-66-NH, MOF: A hetero-structure composite
with enhanced activity towards Cr( VI) adsorption and pHotocata-
Iytic H, evolution [ J]. Journal of Colloid and Interface Science,

2021,606:353-366.



2025 F 10 B RARNEE  BTRBIHNVEBRE @ Ui0-66 BT TRERELE MK PIOA KAV

(8]

(9]

[10]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(8]

(9]

[10]

[11]

Gan T,Zhang X, Qin G, et al. A calcein-modified Zr ( IV ) -based
metal-organic framework as a visualized sensor for calcium ions[ J].
Journal of Materials Chemistry C,2022,10(4) ;1517-1525.
Winarta J, Shan B, Mcintyre S M, et al. A decade of UiO-66 re-
search; A historic review of dynamic structure, synthesis mecha-
nisms, and characterization techniques of an archetypal metal-or-
ganic framework[ J |.Crystal Growth & Design,2020,20(2) :1347-
1362.

Guo J L, Ping Y, Ejima H, et al. Engineering multifunctional cap-
sules through the assembly of metal-phenolic networks[ J]. Ange-
wandte Chemie,2014,53(22) :5546-5551.

Qi P F,Luo R, Pichler T,et al.Development of a magnetic core-
shell Fe;O0, @ TA @ UiO-66 microsphere for removal of arsenic
(1) and antimony( ') from aqueous solution[ J].Journal of Haz-
ardous Materials,2019,378.120721.

Guo R,Cai X, Liu H,et al.In situ growth of metal-organic frame-
works in three-dimensional aligned lumen arrays of wood for rapid
and highly efficient organic pollutant removal [ J ]. Environmental
Science & Technology,2019,53(5) :2705-2712.

Zheng W,Sun Y ,Gu Y.Assembly of UiO-66 onto Co-doped Fe;0,
nanoparticles to activate peroxymonosulfate for efficient degradation
of fenitrothion and simultaneous in-situ adsorption of released phos-
phate[ J].Journal of Hazardous Materials,2022,436:129058.

Fu L,Li J,Wang G,et al.Adsorption behavior of organic pollutants
on microplastics [ J ]. Ecotoxicology and Environmental Safety,
2021,217:112207.

Liu Z,Gao Z,Wu Q.Activation of persulfate by magnetic zirconium-
doped manganese ferrite for efficient degradation of tetracycline[ J].
Chemical Engineering Journal ,2021,423;130283.

Guan Z,Zhu S,Ding S, et al.Fe-O-Zr in MOF for effective photo-
Fenton bisphenol A degradation ; Boosting mechanism of electronic
transmission[ J ] .Chemosphere ,2022,299 ;1344381.

Li D,Qu W,Han B,et al.S-doped core-shell heterojunction Fenton
catalyst [ Fe;0,-S@ PVP@ UIO-66-(SH) 2] for enhanced activa-
tion of hydroxyl radicals: Synergistic enrichment and degradation
mechanism[ J].Chemical Engineering Journal ,2023,472:144962.
Tan J,Li Z,Li J,et al.Visible-light-assisted peroxymonosulfate acti-
vation by metal-free bifunctional oxygen-doped graphitic carbon ni-

tride for enhanced degradation of imidacloprid: Role of non-photo-

(E#% 123 W)

Chung B H,Kim J D, Kim C K et al.Icariin stimulates angiogenesis
by activating the MEK/ERK- and PI3K/Akt/eNOS-dependent sig-
nal pathways in human endothelial cells[ J].Biochemical and Bio-
physical Research Communications 2008 ,376(2) :404-408.
FERISE A7 S, 25 /M, 45 TR 2 T i 4 T A SR R
L PRI R T AL R BIEZE [ 0] o I R 25 32 2= 7, 2024,
40(13) ;1869-1873.

T 28, R SO AT TR T 5 4 B AR i i
AT ]9 8 R 22 ik (BE2AR) , 2020, 56 (2) 1 181 -
184.

XUART , ER WY, % 5 R ZZIWTY IL-6/STAT3 {550 #%
b9 AT K R e 88 4 i 2 L I S e [ )] o P S s 2 2 R

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[12]

[13]

[14]

[15]

- 133 -

chemical and photocatalytic activation pathway|[ J].Journal of Haz-
ardous Materials,2022,423.127048.

Zhao Y ,Zhan X,Sun Y,et al.MnOx@ N-doped carbon nanosheets
derived from Mn-MOFs and g-C;N, for peroxymonosulfate activa-
tion ; Electron-rich Mn center induced by N doping [ J]. Chemo-
sphere,2023,310;136937.

Asif A H, Rafique N, Hirani R A K, et al. MIL-53 ( Fe ) derived
magnetic CuFe,0,/Fe,0; composite for catalytic oxidation of sulfa-
methoxazole via peroxymonosulfate activation [ J |. Chemical Engi-
neering Journal ,2023,469:143915.

Qi C,Liu X, Ma J,et al. Activation of peroxymonosulfate by base:
Implications for the degradation of organic pollutants[ J].Chemo-
sphere,2016,151:280-288.

Shi Y,Li J,Wan D,et al.Peroxymonosulfate-enhanced photocataly-
sis by carbonyl-modified g-C;N, for effective degradation of the tet-
racycline hydrochloride [ J ]. Science of the Total Environment,
2020,749.142313.

Zhao J,Li F,Wei H,et al.Superior performance of ZnCoOx/ peroxy-
monosulfate system for organic pollutants removal by enhancing sin-
glet oxygen generation : The effect of oxygen vacancies[ J].Chemical
Engineering Journal ,2021,409 . 128150.

Lei X, You M,Pan F et al.CuFe,0,@ GO nanocomposite as an ef-
fective and recoverable catalyst of peroxymonosulfate activation for
degradation of aqueous dye pollutants [ J].Chinese Chemical Let-
ters,2019,30(12) :2216-2220.

Li J,Liu Q,Gou G,et al.New insight into the mechanism of peroxy-
monosulfate activation by Fe;S, ;: Radical and non-radical oxidation
[ J].Separation and Purification Technology,2022,286:120471.
Li J,Gou G,Zhao H,et al.Efficient peroxymonosulfate activation by
CoFe,0,-Ce0, composite; Performance and catalytic mechanism
[J].Chemical Engineering Journal ,2022,435.134840.

Li M,He Z,Zhong H,et al.Oxygen vacancy enhances the catalytic
activity of trimetallic oxide catalysts for efficient peroxymonosulfate
activation[ J ]. Environmental Science: Nano, 2022,9 (3): 1037 -
1051.

Xu Y, Ai J,Zhang H.The mechanism of degradation of bisphenol A
using the magnetically separable CuFe,0,/peroxymonosulfate het-
erogeneous oxidation process [ J].Journal of Hazardous Materials,

2016,309:87-96. 1

2024,40(12) :2513-2517,2524.

ORI TR, TR SRR, S A A X 4 I AR /)N IS i 40 A
RAVEACRIR AR I L] KRR BT S 50T % ,2024,36(2)
187-195.

Rebekka W, Christopher G, Samantha L, et al.IL-6 as a major regu-
lator of MDSC activity and possible target for cancer immunotherapy
[J].Cellular & Molecular Immunology,2021,359:104254.
PREEIC 2N, T S A BB AR A LTS PSA K IL-6 7ETi]
BRI B 7% B FOF SO AE R R [T ] S R IE 2
2023,38(1) :62-65.

Ma D, Zhang L, Li L. Anti-inflammatory effects and underlying
mechanisms of epimedium extracts [ J ]. Progress in Biochemistry

and Biophysics,2020,47(8) :685-699.





