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Degradation of emerging pollutants via ferrate catalyzed by magnetic biochar: efficiency and mechanism. QIU Qi ', ZHENG
Rui-bin**, ZHOU Wei-wei’, SUN Shao-fang®*,GAO Ming-chang®, QIU Li-ping*®, LI Hong-lan®*" (1.School of Environmental and
Municipal Engineering, Qingdao University of Technology, Qingdao 266520, China; 2.School of Conservancy and Environment,
University of Jinan, Jinan 250022, China; 3.School of Civil Engineering and Architecture, University of Jinan, Jinan 250022, China;
4.Shandong Province Engineering Technology Research Center for Water Purification Functional Material, Jinan 250022, China;
5.Shandong Urban Construction Vocational College, Jinan 250103, China; 6.School of Municipal and Environmental Engineering,
Shandong Jianzhu University, Jinan 250101, China). China Environmental Science, 2025,45(1):

Abstract: The degradation efficiency of various emerging pollutants by potassium ferrate (Fe(VI)) catalysed through magnetic
biochar (MC) prepared using hydrothermal-calcination method was investigated. The reactive species in M-BC/Fe(VI) system and
the effects of the dosage of M-BC, Fe(VI), pH value and natural organic matters on the degradation efficiency of sulfamethoxazole
(SMX) were studied. The results indicated that the removal of SMX by alone M-BC (50mg/L) and Fe(VI) (50umol/L) were 3.5%
and 54.1% during 20min, respectively, while the M-BC/Fe(VI) system achieved an SMX degradation rate of 89.6%. Experiments
with probe compounds and inhibitors confirmed that the primary reactive species in the system were intermediate valence iron
(Fe(V)/Fe(1V)). Fourier-transform infrared spectroscopy analysis revealed that the main active sites on M-BC were surface phenolic
hydroxyl groups. Under pH conditions of 8, increasing the dosages of Fe(VI) and M-BC enhanced the removal of SMX by the
M-BC/Fe(VI) system. Compared to the alone Fe(VI) system, the degradation of SMX in the M-BC/Fe(VI) system was increased by
114%, 63.6%, 300%, and 350% at pH 7, 8, 9, and 10, respectively. Low concentrations of natural organic matter (1mg/L) promoted
the degradation of SMX by the M-BC/Fe(VI) system, but high concentrations of natural organic matter (5~10mg/L) competed with
SMX for Fe(VI) and Fe(V)/Fe(IV) , leading to a decrease in the degradation efficiency of SMX. Additionally, the M-BC/Fe(VI)
system achieved SMX degradation of 100% and 83.7% in spring and Yellow River water, highlighting its potential for practical
application in water treatment process.

Key words: emerging pollutants; magnetic biochar; ferrate; high-valent iron intermediate (Fe(V)/Fe(IV))
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B S PN STEURMAS NI

G -G x 100%

R= (1

AR 5 G 25 B4 %, C, O BURE I 21 £ 5
15 QW L umol/L; Co A 15 G A1 46 ,umol /L.
SCHREE N 3 UCHAT SRR KPR B R R e AR
N anli2 TP

2 ZFR5WE

2.1 M-BC #1E

K1
SEM image of M-BCand magnetization performance test

M-BC ] SEM K LA A g A P BEI i
Fig.1

ARSI il 6 M-BC [IES I 1 fras, M-BC
R T 2 B HR R 22 LRI RUREAR, I AT RE S R A Bk
AACI TR BRI Ah, 32D %5 T M-BC [
oy BRHE R M-BC LKFE MR G5 JE AN,
KL ¥ M-BC BEfISAE Smin P PRI SR
Iy B AR M-BC AT IR, e N S5 R (8 T
MOKAH 73 .
2.2 M-BC/Fe(VI)IZRXTHris i) B f 2 me

1.0 [y (a) PPLEERR —M—=Te(VI) 1.0 (b) BPSKEAE 10 () 4-CPEEfR
—&—M-BC
~/\—M-BC/Fe(VI)
0.8 08 - ——Fe(VI) 0.8 ——Fe(VI)
> =~ —&—M-BC > —O-/\_M-Bg/
S 06 - é\j 06 L —/\=M-BC/Fe(V) S 06 =1=M-BC/Fe(VI)
E 7 >
gé 04 8 % 04 |- % 04
fa) % &
E \. % s
02+ M__é 02| Y02t
00| N 00 00| RO —
| L | 1 . | . 1 | 1 | | | L | | | 1 L 1 1
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
I 1] (s) I 1] (s) I TE] ()
p 25
10 s CBZFEfif o (e) SMXF£f# () SMXPFEAR O — 5l 115
' ’ ® M-BC/Fe(VI
——Fe(V]) - Fe(V]) 201 m Fev) o
08 - —&—M-BC 08 b —&—\-BC
3 ~/\—M-BC/Fe(VI) s —/\—~M-BC/Fe(VI) 15 L Ku=0.09903£0.00827
T 06 S o6l & Qf R?=0.96633
) \ ™ Sy
N % 04 ®
a s
02 F @ 0.5 F
02| ;\ﬁ “Kp,=0.040490.00195
ool 00 R*=0.98854
| L ! 1 1 | ) 00 L ) ) ! 1 | L ) 1 L ! )
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200 0 5 10 15 20
IE (s) 1] (s) 6 18] (min)
=15 N 2 \ M - A
B2 R[S AR ZN 55T G 10 B Ak 3 AL LA B B ik SMIX (W Bh— 4 I N3y 73 2

Fig.2 Degradation efficiency of emerging pollutants by different systems and pseudo—first-order kinetic for degradation of SMX
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Fig.3 Effects of different inhibitors and degradation of probe compounds
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Fig.7 Degradation efficiency and pseudo—first-order reaction rate constant of SMX in M—BC/Fe(VI) system at different pH values
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Fig.8 Effect of humic acid on SMX degradation and SMX degradation efficiency in actual water
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