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Flower-like spherical FesO4/M 0S,; activating per oxymonosulfate
for efficient removal of ciprofloxacin

ZHENG Youchen, YU Zexu, DUAN Yi’, ZHOU Shukui, ZHOU Zixuan, YAN Junlin
( School of Civil Engineering, University of South China, Hengyang 421001, Hunan, China )

Abstract: Flower-like spherical composites Fe;0,/MoS, were prepared by loading nano-Fe;0, particles,

which were obtained from (NH4)sMo0,0,4°4H,0, thiourea and FeCl;*6H,0 via hydrothermal method, onto
flower-like spherical MoS,, characterized by SEM, XRD, XPS and vibrating magnetometer (VSM), and
used for activating peroxymonosulfate (PMS) oxidation to remove ciprofloxacin (CIP) from water. The
effects of different reaction systems, initial pH, reaction temperature, Fe;0,/MoS, dosage (based on the CIP
aqueous solution volume, the same below), PMS dosage, common anions (H,PO4, ClI', HCO;, NO3) and
humic acid (HA) on the oxidative removal of CIP in Fe;0,/MoS,/PMS system were analyzed. The cyclic
stability of Fe;04,/MoS; was evaluated, while the reaction mechanism of CIP removal by activated PMS was
discussed by radical quenching experiment and electron paramagnetic resonance spectrometer (EPR). The
results showed that the Fe;04/MoS,/PMS system exhibited the highest CIP removal activity. Under the
optimal conditions of reaction temperature 30 °C, initial pH=5.56, Fe;0,/MoS, dosage 0.2 g/L, PMS
dosage 0.25 mmol/L, CIP mass concentration 5 mg/L, the CIP removal rate could reach 96.10% in 20 min,
and maintained at 90.27% after three cycles of Fe;04/MoS,. H,PO,, ClI', HCO; and HA displayed certain
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inhibition on CIP removal, while NO; showed no influence on the reaction. The mechanism of CIP removal

by Fe;04/MoS,-activated PMS oxidation was mainly attributed to the non-free radical pathway of singlet

oxygen, while the free radical pathway of sulfate radical and hydroxyl radical played a secondary role.
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treatment technology
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3.0 nm@0.1 kV (GB ); 4r#7: 3.0 nm@15kV, 5nA,
TAEREES (WD) 10 mm, WD 2.0~25.0 mm.,
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WA R N 5 mg/L . N IREE N 30 °CHIAME:
T, BEWMG pH (3, 5. 7. 9. 11) X} CIP %
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Fig. 1 SEM images of MoS; (a, b), Fe;04(c), Fe;04/MoS, (d)
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Fig. 2 XRD patterns of Fe;04, MoS, and Fe;04/MoS,
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Fig. 3 EDS spectrum of Fe;04/MoS,
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235.7 eV A IEE A HE R Mo®' 3ds,, FIRESE MoS, 7E
2SR EAL K MoOsPT,

MIE dc v LIE 1 ,710.8.713.4.724.4 F11727.0 eV
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Fig. 4 XPS spectra of Fe;04/MoS,
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Fig. 5 Magnetization curves of Fe;04 and Fe;0,/MoS,
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60 min P CIP [ KLFRFAUH 10.0%, £ PMS BHAH
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B EBRE (93.56% ) M EIRIEEET, FIWH MoS, H
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M 6b AT LI Y, ZEAS R R 28R CIP i F2 Y
HE—sh 1A 2, 25 BN AR 2 Y s 3%
W (k, min') K/NF N : Fe;04/MoS,/PMS
(0.2882 min ' ) >Mo0S,/PMS ( 0.0471 min"' ) >Fe;0./
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Fig. 6 Removal rate of CIP by different catalytic oxidation

systems (a) and quasi-first-order kinetic fitting
curves (b)
23 BRERXBHERSH
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CIP RIS
M 7a 7 LLE Y, 0046 pH A 3~7 B}, 60 min
W CIP W] AREAT AL 22 Bk, HARTE 20 min 7647 BEA K
FF-A5, o, %tk pH=7 B}, 60 min 4 CIP %[k
R, N 95.01%. ¥IA pH % 9 iF, CIP #Y

F BRI AR, 2 BB A 85 A1) F 2 Fenton N,
X E A N, FesO,4 2210 (1 Fe® 7B PRI b 3l 40 il
b, AR T R R0 (Rl RO aEAT, Flife
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BEMESAE T, 22 H OH BIRAEMAL IR E, PMS
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CIP by Fe;04/MoS, activated PMS

2.3.6 FILMETA HA 89% R

K 8 Shit WLEHES T-F1 HA *F Fe;04/MoS, %1k
PMS & fb L Fr CIP B30

M 8a MTLIA H, ¥ 2~10 mmol/L i NO3Xf
Fe;04/MoS, i f PMS &b 2: bk CIP A A 520 .
R R, NOs 5 SO, 5 I 3 28 F I [ £=5.0%
10~2.1x10° L/(mol-s) ) %1,

ME 8b JLIFE Y, BiE HPOLMEE RGN,
60 min N CIP LBRREL, XEHT, HPOsAES
Fe;04/MoS, &4, FETEIEN Sk, 0 PMS )
WALIER T R ZR i B s,

100

- -
4 iLl

80

60

40

KERE%

—=— (0 mmol/L
—e— 2 mmol/L
—aA— 5 mmol/L
—v— 10 mmol/L

0—+ 1 1 1 1 1 1 1 1 1 1 1 1
0 S5 10 15 20 25 30 35 40 45 50 55 60

B 8] /min

20




* 2056 ¢ ¥ 4w 1 T FINE CHEMICALS 542 %
100 -, . T, HCO;H A T ¥ h B AR HY, AN S A
ol AR, WS Mo Lk BEE, FHS T Fe;04/

< MoS, 5 PMS [ fil 42
£ or I 8e FTLAF L, JRAHKEE 2~20 mg/L ) HA
X 4a0p N MM ] Fe;04/MoS, 7 b PMS 1L 22k CIP, 32
—— mm N
ol e 2 mmolL M, HA 55 CIP SE4E MR, SEUN T 25 CIp
2 gmollL T O, TR AR T CIP 22K
0 ! | | ! ! ! 1 1 ! ! 1 1 4 =
0 5 10 15 20 25 30 35 40 45 50 55 6 24 fEUFIBARELS
fit)/min [l 9a 24 Fe;04/MoS, i e 5 2845 L .
100 MK 9a ATLIFEH, Fe;04/MoS,/PMS Hii 3 K1
80 ) CIP 2B 45150 96.81% . 93.08%. 90.27%,
2 60 55 4 YRS 5 K 83.38%F11 66.01%, B Fe;04/MoS,
) A R R M
w40 N 9b T, RERTE FesOu/MoS, 45
20 TEWELRFE— 2, 72 B Fe;04/MoS, HAT B i i fe e Pk .
0 M 9c.d ATLAE H, RNV RIS Fe M S80I i,
0 5 10 15 20 25 30 35 40 45 50 55 60 Fe*'/Fe* £ XPS 1% & A AR H T 56.20%/30.40%
100 Y/ min W 49.89%/38.93% (14 9¢ ).
80 1003 IR
: D
‘%‘ 60 80- vV v %4&
ﬁ . —— 55K
40 :% 60|
20 %4: 40}
0 1 1 1 1 1 1 1 1 1 1 1 1 20—
0 5 10 15 20 25 30 35 40 45 50 55 60
it /&) /min ok .
100 0 60 120 180 240 300
Bif [ /min
80 b Y v
* ¥ Fe0,
%: 60 L w ¢ MoS,
ﬁ M v M Used
40 L —u— ()
W +2$ﬁ ow““mm-wm
20| —4—5Smgll
—v— 10 mg/L
0 1 1 1 1 1 1 1 1 f?orrtg/Ll " ' '
0 5 10 15 20 25 30 35 40 45 50 55 6 Before
Fi$[A/min Yy
a—NO5; b—H,PO;; ¢—CI'; d—HCO;; e—HA 10 20 30 40 50 60 70 80 90
K8 AFFIE T HA X Fe;04/MoS, i ft PMS %Ak 25 26/(°)
5% CIP BRI ¢ Before Fe 21 Fe\Zp -
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Fig. 9 Fe;04/MoS, cycle stability (a). XRD spectra of

Fe;04/MoS, before and after reaction (b), Fe 2p
XPS spectra (c) and Mo 3d XPS spectra (d)

Fe "M & i A3 MR Fe* /Fe’ A1 34 % £
—ERL, SEIEH LT Fe* My B N RE4ERE R
A Gk PMS B8, 53k CIP KBRFEM TR,
Mo X & BN T 6.51%, Mo MIxt & & T T
8.87%, Mo® HIXI &I T 2.01%, FI Mo #
ALRE R M (Mo™, Mo®), T3 MoS, AEEA
AR Fe? /R I S 5 PMS i1k, Wit — 4
ST CIP BRI,

BEAk, A T AR &2 FesO, Bifbtl
Mg S CIP ERRRBEIRA AP, gz,
Fe;04/MoS, ) Fe 1 Mo 3= H3 it 12 16 5 4393l o~ 0.37
M1 1.43 mg/L, Hir, Mo AYIZ H i i BE I T LU
S0 LI M5 1Y Fes0/MoS,o R, SR i
W CIP [ B R 43 ff 4 v ] = 4 A mT B I R AR
Fe;04/MoS, Gt 5 L, SBUHT X CIP 1)
TEPEOL AN, DTS 5 5 IRIEIA LSS CIP 2Bk
R (66.01% ) B TR,

25 ERLBERSH

CA RIEMWOIR I, PMS 35 R EAT Wb g
2. —FhEeOH, SO HI-0:1Y A Ik fL; —FfiE
'O, FIN- AL F RS AOAE [ R IRR 1% . I 102 AR
PERFIXT Fe;04/MoSo/PMS 1R F Bk CIP (52455 .

ME 10a 7] LIE H, W] CIP RBRAE T K/
PR JP 2l . FFA>p-BQ>MeOH>TBA , 3 B
Fe;04/MoS, ififk PMS <[5 CIP iR &=, 10, 5]
KHE, 10y JEH O MLk, 0, X Fe*'h
O, = A A3, MoS, ZE T [ Mo® 1] L 505
R AE R '0,; Fes04/MoS,/PMS 14 Z =4 «OH
1 SOz+, Hrf, «OH 1 SO;-%Akifizk .

Rt — 2 ARG P T B FR 2 , X Fe;04/MoS,/
PMS (R RZ#47 T EPR MK, 2558 WK 10b. ¢ Uis.

ME 10b, ¢ FJLIE H, £ Fe;04/MoSy/PMS 1A &

H1, «OH Fll SO4~MI{55 I3 i n WL (&1 10b ), X5
VRS ZE R —B WAh, FomE 111 19=
LRl [ N2k 1643 1 36 TEMP-'0, fil DMPO-+0;,
WESE TRR M 'Oy MO BUAFLE, 45 P th 5 K 5L
45 RARFT

100,
80
X
60
2
% 40
20
0
0 5 10 15 20 25 30 35 40 45 50 55 60
B [E] /min
b + DMPO-SO;*
. s # DMPO--OH
* R »
v . .0
v DMPO-+0;

3480 3500 3520 3540

HRRRRLHR /G
¢ + TEMP-'0,
. . L)

3460 3480 3500 3520 3540 3560
RRIR R /G

AR K FIX Fe;0,/MoS,/PMS 1A Z % CIP fY
R (a); Fe;04/MoS,/PMS {& Z ) EPR & ( «OH ,
SO3+#1+07 ) (b); Fe;0,/MoS,/PMS {KZE K EPR
('0,) E (c)

Fig. 10 Effect of different quenchers on CIP removal by
Fe;04/MoS,/PMS (a); EPR plots of Fe;0,/MoS,/
PMS system (*OH, SO4* and *O,) (b); EPR plots
of Fe;04/Mo0S,/PMS system ('0,) (c)

Kl 10

Zx LFTiR, 7E Fes04/MoSy/PMS (K&, HAH
FEFAE B i 3EHEAE . 10, & Fe;04/MoS,/PMS 4 £
B EEZEEY T, «OH Fl SO4«IRZ .

2.6 HLESH

& 11 A Fe;04/MoS, itk PMS &1k 2% CIP 1)

HEMALEE



© 2058 ¢

M 4m 4 T FINE CHEMICALS

42

Products
11 HEM A Fe;04/MoS, iift PMS Ak £[R CIP #YHL
R EE

Fig. 11 Schematic diagram of mechanism of CIP removal

by oxidation of Fe;04/MoS, activated PMS

TE Fe;04/MoS,/PMS 1A &1, B4, PMS Fl CIP
I3 T Bl W B 2= AL F] Fes0/MoS, £ i, K5,
Fe;04/MoS, F1i ) Fe Fll Mo*'[7] HSOs#4#HLF,
A SOz (28 (2). (3)), Mo* I HSO3 ) I A A,
) Mo”4k 2 5 PMSS JU I, i — 4 il SO, 20(4) ),
ICHTAE LAY SO4+5 HoO S, A i 7 -OH[ XK (5) ),
IEAh, MoS, H1i) Mot il Mo  fEEHE Fe''ib JFUK
Fe’', Jni Fe*'/Fe’ MIMEA, #-m T PMS MG Lk
AR CIP B EBRACE (X (6). (7)), H
2.5 WAl Al, 'O, 7E CIP Bk il B S50, X ]
AEfE LR RGN Fe™ 5 0, )i, e0;, i
5 Mo AT '0, (X (8). (9)), [, 'O,
WAl LB PMS 1 H R 2 g AU AR AR AR G, it —
HARVE CIP AYFEAR (X (10), (11)), CIP #£ 'O,
SO4+FllOH 1y [7) 2 [m] VF FH F 9k B8 At Sy v i) ™=y
AL N EER CO, F1 H0 [0 (12)), SeBlT
CIP AR LR

Fe?" +HSO5 — Fe** +S0; «+OH™ (2)
Mo*" +HSO35 — Mo’ +S03 «+OH™ (3)
Mo’ +HSO35 — Mo®" +S07++OH™ (4)
SO ++H,0 — SO} +OH+H" (5)
Mo*" +Fe*" — Mo +Fe?" (6)
Mo>" +Fe*" — Mo®" +Fe?* (7)
Fe’"+0; — Fe’" +.03 (8)
Mo®" +:03 — Mo* +'0, (9)
2HSO5 — 2S0; +2H +'0, (10)
SO5++S05+— 2805 +'0, (11)
10,++OH+S07 ++CIP — /=4 (12)

3 #it

FHIK LR T Fes04/MoS,, 4 H I T
1k PMS % fb 2 BRrKH CIP,

(1) Fe;04/MoS,/PMS 1K Z £ A= CIP
LBRAE ST, MoS, EFIPHE Fe;O4 EAL/E

(2) BRIR Fe;O4 BRI S LA 7E MoS, 1EH
Nk Falalpa T, A1k PMS $24E T T L 595 A7
M, [AEE Mo ZREE7E MoS, Fifi, #& I Fe*'/Fe*
TEARCE, F—PAE U Ti% L PMS IRETT .

(3) £ Fe;04/MoS, # Mt 0.2 g/L. PMS #
JniE>h 0.25 mmol/L . CIP #J 4R i v &8 5 mg/L .
pH=5.56 SV IR E 30 CHYBAESMF T, S 20 min
if, CIP fZ[%R A5 96.10%, H,PO;. CI™, HCO;
FHA Y%} CIP B9 & B4 A [ 2 B2 g il /5 H1 ,NO5
XTS5 I HEAS T

(4) Fe304/MoS,/PMS R RFEK FE) pH L

(3~9) PIARZE B H B i S T o 3 IRTIEIR )
CIP LBRFBLREFAE 90.27%,

(5) Fe3;04/MoS,/PMS 1K R R CIP [ #2 £
FONAE AR EERAE(10,), HHEEE (SO« fl-OH )
FEH A R EAE

B2k

[1] LIS, HUANG T B, DU P H, et al. Photocatalytic transformation fate
and toxicity of ciprofloxacin related to dissociation species:
Experimental and theoretical evidences[J]. Water Research, 2020,
185: 116286.

[2]  YADAV S, GOEL N, KUMAR V, et al. Removal of fluoroquinolone
from aqueous solution using graphene oxide: Experimental and
computational elucidation[J]. Environmental Science and Pollution
Research, 2018, 25(3): 2942-2957.

[3] WEBER K P, MITZEL M R, SLAWSON R M, et al. Effect of
ciprofloxacin on microbiological development in wetland mesocosms
[J]. Water Research, 2011, 45(10): 3185-3196.

[4] ZHOU L J, YING G G, LIU S, et al. Occurrence and fate of eleven
classes of antibiotics in two typical wastewater treatment plants in
South China[J]. Science of the Total Environment, 2013, 452:
365-376.

[5] BERENDONK T U, MANAIA C M, MERLIN C, et al. Tackling
antibiotic resistance: The environmental framework[J]. Nature
Reviews Microbiology, 2015, 13(5): 310-317.

[6] EL NAJJAR N H, TOUFFET A, DEBORDE M, et al. Levofloxacin
oxidation by ozone and hydroxyl radicals: Kinetic study, transformation
products and toxicity[J]. Chemosphere, 2013, 93(4): 604-611.

[71 WANG C C, GAO S W, ZHU J C, et al. Enhanced activation of
peroxydisulfate by strontium modified BiFeOs; perovskite for
ciprofloxacin degradation[J]. Journal of Environmental Sciences,
2021, 99: 249-259.

[8] ZHANG G 1, JUP, LU S 'Y, et al. Efficient adsorption of antibiotics
in aqueous solution through ZnCl-activated biochar derived from
Spartina alterniflora[J]. Colloids and Surfaces A: Physicochemical
and Engineering Aspects, 2024, 694: 134139.

[9] WANG X J, LI J W, XU L, et al. Simultaneous removal of calcium,
cadmium and tetracycline from reverse osmosis wastewater by

sycamore deciduous biochar, shell powder and polyurethane sponge



559

FAEL, % AEBRAR Fe;04/MoS, 1 fbid — i iR #h A AL LRI T 2

* 2059 -

(10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

(23]

[24]

[25]

[26]

combined with biofilm reactor[J]. Bioresource Technology, 2024,
394: 130215.

LI XK, LU Z Y, WU B L, et al. Antibiotics and antibiotic resistance
genes removal in biological aerated filter[J]. Bioresource Technology,
2024, 395: 130392.

XUMI, LIJ, YANYY, et al. Catalytic degradation of sulfamethoxazole
through peroxymonosulfate activated with expanded graphite loaded
CoFe,0, particles[J]. Chemical Engineering Journal, 2019, 369:
403-413.

ZHOU X R, ZHU Y, NIU QY, et al. New notion of biochar: A review
on the mechanism of biochar applications in advannced oxidation
processes[J]. Chemical Engineering Journal, 2021, 416: 129027.

OH W D, DONG Z L, LIM T T. Generation of sulfate radical through
heterogeneous catalysis for organic contaminants removal: Current
development, challenges and prospects[J]. Applied Catalysis B:
Environment and Energy, 2016, 194: 169-201.

GHANBARI F, MORADI M. Application of peroxymonosulfate and
its activation methods for degradation of environmental organic
pollutants: Review[J]. Chemical Engineering Journal, 2017, 310:
41-62.

WANG J L, WANG S Z. Activation of persulfate (PS) and
peroxymonosulfate (PMS) and application for the degradation of
emerging contaminants[J]. Chemical Engineering Journal, 2018, 334:
1502-1517.

DEVI P, DAS U, DALAI A K. In-situ chemical oxidation: Principle
and applications of peroxide and persulfate treatments in wastewater
systems[J]. Science of the Total Environment, 2016, 571: 643-657.
LIJ, WAN Y J, LI Y J, et al. Surface Fe(lll )/Fe( 1) cycle promoted
the degradation of atrazine by peroxymonosulfate activation in the
presence of hydroxylamine[J]. Applied Catalysis B: Environmental,
2019, 256: 117782.

XING MY, XU W J, DONG C C, et al. Metal sulfides as excellent
Co-catalysts for HO, decomposition in advanced oxidation processes
[J]. Chem, 2018, 4(6): 1359-1372.

HUANG M, WANG X L, LIU C, et al. Mechanism of metal sulfides
accelerating Fe( Il )/Fe(lll ) redox cycling to enhance pollutant
degradation by persulfate: Metallic active sites vs. reducing sulfur
species[J]. Journal of Hazardous Materials, 2021, 404: 124175.

MA W, YAO B H, ZHANG W, et al. A novel multi-flaw MoS,
nanosheet piezocatalyst with superhigh degradation efficiency for
ciprofloxacin[J]. Environmental Science: Nano, 2018, 5(12): 2876-
2887.

HE B, SONG L X, ZHAO Z X, et al. CuFe,04/CuO magnetic nano-
composite activates PMS to remove ciprofloxacin: Ecotoxicity and
DFT calculation[J]. Chemical Engineering Journal, 2022, 446: 137183.
QI K'Y, YUAN Z M, HOU Y, et al. Facile synthesis and improved
Li-storage performance of Fe-doped MoS,/reduced graphene oxide
as anode materials[J]. Applied Surface Science, 2019, 483: 688-695.
WANG X Y, ZHU T, CHANG S C, et al. 3D Nest-like architecture of
core-shell CoFe,O4@1T/2H-MoS, composites with tunable microwave
absorption performance[J]. ACS Applied Materials & Interfaces,
2020, 12(9): 11252-11264.

LIN X P, XUE DY, ZHAO L Z, et al. In-situ growth of 1T/2H-MoS,
on carbon fiber cloth and the modification of SnS, nanoparticles: A
three-dimensional heterostructure for high-performance flexible
lithium-ion batteries[J]. Chemical Engineering Journal, 2019, 356:
483-491.

ZHOU Y L, LIU Y, ZHANG M, et al. Rationally designed hierarchical
N, P co-doped carbon connected 1T/2H-MoS, heterostructures with
cooperative effect as ultrafast and durable anode materials for efficient
sodium storage[J]. Chemical Engineering Journal, 2022, 433: 133778.
LU J, ZHOU Y, ZHOU Y B. Efficiently activate peroxymonosulfate
by Fe;04@MoS, for rapid degradation of sulfonamides[J]. Chemical
Engineering Journal, 2021, 422: 130126.

[27]

[28]

[29]

[30]

(311

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

LU J D. The effect of two ferromagnetic metal stripes on valley
polarization of electrons in a graphene[J]. Physics Letters A, 2020,
384(19): 126402.

BAIR, YAN W F, XIAOYY, ef al. Acceleration of peroxymonosulfate
decomposition by a magnetic MoS,/CuFe,O, heterogeneous catalyst
for rapid degradation of fluoxetine[J]. Chemical Engineering Journal,
2020, 397: 125501.

WANG T, LU J, LET J Y, et al. Highly efficient activation of
peroxymonosulfate for rapid sulfadiazine degradation by Fe;04@Co3S4
[J]. Separation and Purification Technology, 2023, 307: 122755.
CAO J (1), CUI L (#7), PAN J (#%¥%). Magnetism of V, Cr and
Mn doped MoS, by first-principal study[J]. Acta Physica Sinica (¥
BE2AAR), 2013, 62(18): 412-418.

LUJ, ZHOUY, LEI ] Y, et al. Fe;04/graphene aerogels: A stable and
efficient persulfate activator for the rapid degradation of malachite
green[J]. Chemosphere, 2020, 251: 126402.

LU J, ZHOU Y, ZHOU Y B. Efficiently activate peroxymonosulfate
by Fe;04@MoS, for rapid degradation of sulfonamides[J]. Chemical
Engineering Journal, 2021, 422: 130126.

TIAN Y S, ZHOU M H, PAN Y W, et al. MoS, as highly efficient
co-catalyst enhancing the performance of Fe’ based electro-Fenton
process in degradation of sulfamethazine: Approach and mechanism
[J]. Chemical Engineering Journal, 2021, 403: 126361.

DENG J, FENG S F, ZHANG K J, et al. Heterogeneous activation of
Co30,4 for the
degradation of chloramphenicol at neutral pH[J]. Chemical Engineering
Journal, 2017, 308: 505-515.

HU X, ZHANG H, SUN Z R. Adsorption of low concentration

ceftazidime from aqueous solutions using impregnated activated

peroxymonosulfate using ordered mesoporous

carbon promoted by iron, copper and aluminum([J]. Applied Surface
Science, 2017, 392: 332-341.
JAWAD A, LANG J, LIAO Z W, et al. Activation of persulfate by
CuO,@Co-LDH: A novel heterogeneous system for contaminant
degradation with broad pH window and controlled leaching[J].
Chemical Engineering Journal, 2018, 335: 548-559.
GONG C, CHEN F, YANG Q, et al. Heterogeneous activation of
peroxymonosulfate by Fe-Co layered doubled hydroxide for efficient
catalytic degradation of Rhoadmine B[J]. Chemical Engineering
Journal, 2017, 321: 222-232.
LIY H (F#58), ZHENG X Q (KR A), GAO X Y (FiWEiL), et al.
Preparation of CoFe,O4 and its peroxymonosulfate activation for
degradation of sulfamethoxazole[J]. Fine Chemicals (4541fkT.),
2022, 39: 1020-1027.
GUO M (34%), DONG F Q (¥ &%), HUO T T (), et al.
Factors influencing the degradation of tetracycline by tourmaline
activated persulfate[J]. Acta Mineralogica Sinica (H"#J2£4%), 2024,
44(3): 1-12.
GIANNAKIS S, LIN K Y A, GHANBARI F. A review of the recent
advances on the treatment of industrial wastewaters by sulfate
radical-based advanced oxidation processes (SR-AOPs)[J]. Chemical
Engineering Journal, 2021, 406: 127083.
DUAN P J, LIU X N, LIU B H, et al. Effect of phosphate on
peroxymonosulfate activation: Accelerating generation of sulfate
radical and underlying mechanism[J]. Applied Catalysis B:
Environmental, 2021, 298: 120532.
LIN K Y A, ZHANG Z Y. Degradation of bisphenol A using
peroxymonosulfate activated by one-step prepared sulfur-doped
carbon nitride as a metal-free heterogeneous catalyst[J]. Chemical
Engineering Journal, 2017, 313: 1320-1327.
XU JY, CHEN J X, ZHONG Y H, et al. Ultrathin MoS, nanosheet-
wrapped Fe;O,4 nanocrystals synergistically activate peroxymonosulfate
for enhanced removal of organic pollutants[J]. Colloids and Surfaces
A: Physicochemical and Engineering Aspects, 2023, 671: 131599.
(T#% 2088 )



