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Research progress on activated persulfate degradation of antibiotics by magnetic

biochar composites

WANG Guihua', LI Jian?, GU Yingchun', YAN Bin"
(1. College of Biomass Science and Engineering, Sichuan University, Chengdu 610065, China; 2. Sichuan Shale Gas
Exploration and Development Co., Ltd., Chengdu 610000, China)

Abstract: Antibiotics, which have high water solubility, high chemical stability, potential carcinogenicity, obvious
ecotoxicity, and difficult biodegradation, pose a serious threat to the sustainability of the aquatic environment and
human health. Therefore, it is crucial to establish effective methods to remove antibiotic contaminants from water.
Magnetic biochar composites have attracted much attention in the oxidative degradation of antibiotic con-
taminants due to their excellent catalytic capacity for activation of persulfate and recyclability. In this review,
we aim to summarize the research progress of magnetic biochar composites activated persulfate degradation of
antibiotics. First, we summarize magnetic biochar composites from different biomass sources and their commonly
prepared methods. Then, the mechanism of activated persulfate degradation of antibiotic pollutants by magnetic
biochar composites and their degradation behaviors for different types of antibiotics were explored. Finally, the
challenges and prospects for future research are proposed in response to other current issues arising from anti-
biotic contamination.

Keywords: magnetic biochar; antibiotics; persulfate; preparation method; degradation mechanism
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Table 1 Catalytic properties of magnetic biochar materials prepared from different biomass sources
M i P i Acti R« 1
Magnetic biochar Source agnetic reparation PS  Antibiotic ctive ern.ova Ref.
substance method substance efficiency/%
Magnetic rape straw biochar ~ Rape straw Fe;0, Pyrolysis PDS TC SO&*Z'OHO" 0y 99.0 [26]
and 'O,
CoFe,0,/biochar Rape straw CoFe,0, Solvothermal PMS SMX 80}, HO., 05 93.0 [27]
and 'O,
Fe;C .- -
Magnetic biochar Rice straw ’ Pyrolysis PDS TC SO, HOe, Oy 995 [28]
Fe,N and 'O,
: : SO;~, HO», O3
Coral reef-like FeS,/biochar  Corn stalks FeS, Solvothermal PMS TC 4 2 100.0 [29]
and '0,
Modified red mud biochar Corn straw Fe;04 Pyrolysis PDS LFX SO;” andHO. 886 [30]
F ted by N-doped Fe;0 o= o=
?304 SUPPOTEBY R-COPEC omcob O3 Coprecipitation PDS TC SO, HO, Oy g6 [31]
biochar ZnFe,0, and 'O,
Nitrogen-doped magnetic Impregnation .
carbon nanotubes-bridged Rice husk Fe30, 1'r:)l fis PMS SMX ISO4 »HO- and 98.2 [32]
biochar pyroly 0,
Magnetic iron-char Peanut shells Fes0, Impregnation- p g o iy SO, HOe Oy" 994 (33]
composites pyrolysis and 'O,
FeS@biochar Peanut shells FeS Pyrolysis PDS SMT 1SO4_ , HO« and 96.4 [34]
0,
X . Impregnation-
M tic loofah bioch Loofah Fe,O PDS CEX o= 73.9 35
agnetic loofah biochar oofa 203 pyrolysis S C SO and HO» [35]
Cobalt and iron coloaded Impregnation . .
pomelo peel biochar Pomelo peels CoFe,0, and PMS TC S0, o HOs, 0y gg2 [36]
composite coprecipitation and 'O,
MgFe,0,/biochar Pomelo peels MgFe,0,  Coprecipitation PDS LFX 05 and '0, 87.9 [37]
) B . .
MnFe,0,/biochar anana MnFe,0,  Sol-gel pyrolysis PDS TC SOy, HOs 037 g4 7 [38]
pseudo-stem and'0,
Lanth -doped I tion- - o, O
anthanum-dope Bagasse Fes0, mpregnation- - png pro 8O, HO% Oy" 995 39]
magnetic biochar pyrolysis and '0,
Mn doped magnetic biochar Bamb Fe;0,4, Fe;C, Impregnation- PDS TC . 93.0 [40]
oped magnetic biocha amboo MnFe,0,  pyrolysis SO;” and HO. .
Biochar-loaded MIL-53(F Fe;0, Fe’, - .
tochar-oade (F&)  pamboo S Pyrolysis PDS NOR S0, HOeand g, , [41]
derivatives a-Fe,03 10,
FeS@biochar Pine sawdust FeS Ball milling PDS TC SOy andHO. 874 [42]
Plotassium—doped magnetic Pine sawdust Fe;0,, Impreg.nation— PDS MNZ so:‘— ,HOe, 0'2— 98.4 [43]
biochar a-Fe,03 pyrolysis and'0,
I tion- . . O-
Mn-based magnetic biochar ~ Pine sawdust Fe;0, mpreg?a ton PDS MNZ 80;", HOe, O, 95.6 [44]
pyrolysis and '0,
Nitrogen—rich magnetic Pine sawdust Fe;0,, Impreg?ation— PDS MNZ SO;, HOs, O3 99.6 [45]
biochar a-Fe,03 pyrolysis and '0,
. lud i
CoFe,0,/biochar rslo;adglz/pme CoFe,0, Hydrothermal =~ PMS TC SO, and HO. 99.8 [46]
Magnetic N-doped iron Sycamore leaves . SO, HOe and
Fe;0 Pyrol PDS TC 47 86.6 47
sludge based biochar and sludge s yrotysts 0, (47]
. Eichhornia s TC, SO;",HOeand 90.1
MnFe,0,/biochar MnFe,O PM 4 4
20,/ crassipes »0,  Coprecipitation S SMX 0, 96.5 [48]
Co/N co-doped biochar Kelp Co Pyrolysis PMS TC 1804_ yHOeand  qq [49]
0,
Cf)pper doping in magnetic Cow dung Fe,0, Impreg?ation— PMS SMX, SO;~, HOs, O3 91.7 [21]
biochar pyrolysis CIP and '0, 97.3
Fe;0
Magnetic biochar Piggery sludge a ;e 40 Coprecipitation PMS TC SO;", HOe, O3 77.2 [50]
-Fe,03
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M ic P i Acti R 1
Magnetic biochar Source agnefic  Preparation PS  Antibiotic ctive em.ova Ref.
substance method substance efficiency/%
N-functionali | - . .
unctionalized se.wage sludge Sludge Fe,0, Pyrolysis PMS SMX SO;~, HOs, O} 975 (53]
red mud complex biochar and'0,
. Co-Fe-
Co-Fe/SiO, Iron sludge L;H € Solvothermal =~ PMS CIP SO;” and HO. 98.0 [54]
F tati - o, O
Iron-loaded biochar ermentation Fe;0, Coprecipitation PDS TC S0, HO-, 0; 85.1 [55]
dreg and 'O,

Notes: LBH—Layered double hydroxide; PS—Persulfate; PMS—Peroxymonosulfate; PDS—Peroxysulphate; TC—Tetracycline;
SMX—Sulfamethoxazole; SMT—Sulfamethazine; CEX—Cephalexin; LFX—Levofloxacin; FLO—Florfenicol; NOR—Norfloxacin;

MNZ—Metronidazole; CIP—Ciprofloxacin.
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Table2 Advantages and disadvantages of different preparation methods of magnetic biochar composites

Preparation method = Advantage

Disadvantage Ref.

I tion- lysi
Tpteghation-pyrolysis simple operation

Magnetization and pyrolysis at the same time,

Gas pollutants are easy to cause secondary

pollution, high temperature energy-consuming [25, 57-59]
crystallinity, size and porosity are difficult to ’
control.

The introduction of alkaline reagents is
required, and the usable surface area of the
prepared material is small.

[60-61]

Higher dependence on production equipment. [18, 22, 62-63]

Coprecipitation Simple operation, controlled reaction
Low temperatures (100-300°C), mild reaction
conditions, no need for bases or strong reducing

Hydrothermal . . .
agents, no need for energy-intensive pre-drying
processes

. X Convenient operation, controllable reaction,
Chemical reduction

high product purity

Reducing agents added are toxic and need to be

64
stored and used properly. [64]
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Fig.2 Mechanism of magnetic biochar composite activated persulfate to degrade antibiotics
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Fig.3 (a) Mn doped magnetic biochar (MMBC) prepared from bamboo for TC degradation; (b) Electron spin resonance (ESR) spectra of PS activation

by MMBC; (c) Proposed degradation process of TC; (d) Main catalytic mechanism of PS activation on MMBC for TC degradation!*”
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Fig.4 (a) Removal of CEX by loofah biochar (LBC), Fe,03 and Fe,0;@LBC; (b) Electron paramagnetic resonance (EPR) spectra in the Fe,0;@LBC/PS

system; (c) Possible mechanism of PS activation by Fe,0;@LBC for CEX degradation; (d) Proposed reaction pathway for the degradation of CEX"**!
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Fig.5 (a)Biochar supported magnetic MIL-53(Fe) derivatives as an efficient catalyst for peroxydisulfate activation towards antibiotics degradation;
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