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Abstract:  Sludge pyrolysis biochar represents a significant method for the resource utilization of
municipal sludge, and its application in wastewater treatment has garnered considerable attention.
Magnetic sludge biochar (MSB) was synthesized through the pyrolysis and carbonization of pretreated
sludge with ferrous and ferric ions in a nitrogen atmosphere under alkaline conditions. The adsorption
efficiency and mechanisms of MSB samples for phosphorus removal from water were systematically
investigated. The pyrolysis temperature was a critical parameter influencing the phosphorus adsorption
efficiency of MSB. Among the samples, MSB prepared at 250 ‘C (MSB250) exhibited the highest

phosphorus adsorption performance, with an equilibrium adsorption capacity of 4.6 mg/g. Acidic
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conditions were conducive to the adsorption of phosphorus by MSB250, with a pH below 3 resulting in

iron leaching from the sample. The optimal conditions for the adsorption were a pH of 4 and a temperature

of 25 “C. The adsorption isotherm of MSB250 aligned with the Freundlich equation. Thermodynamic

analysis of the adsorption process indicated that phosphorus adsorption onto MSB250 was both

spontaneous and endothermic. Furthermore, the surface-active functional groups on MSB250 interacted

with phosphoric acid to form a complex through Lewis acid-base interactions. It was concluded that the

predominant mechanism for phosphorus removal by MSB250 involved electrostatic attraction.
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MSB150 75.359 77772 | 0.197 10.156
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RB250 54.193 55.341 0.139 10.072
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Fig.2 Kinetic results of phosphorus adsorption on

different samples
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Tab.2 Adsorption Kinetic fitting parameters of MS,
MSB150 and MSB250
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Fig.5 XPS spectra of MSB250 before and after
phosphorus adsorption

F [l 5 7] A1, MSB250 £ il /7 7F C—0—(533. 3
eV).C=0(531.2¢eV) .Fe—0—H(532.08 eV) .Fe—
0—C (531.7 eV) ., Fe—0 (529.8 ¢V) ., —O—H
(530.7 eV) R 1EIE O 1s 4304 iR , MSB250 W [
W J5 Fe—0—H .C—O0—H1 C=0 % & A IGEE g
Y 245 5 fE 06 T AR N LE A P 2p 3 IR A R R
MSB250 [a] i B T H,PO, F1 HPO, >, W% B 5z 7 i A
FRAETERR AR 4L, HLPO, Y 5 HE i 13, 349% 4
T+ 2 25. 35%, Ui B HPO,> 55 MSB250 2 1 175 1 F fiE
PAT 3 3ok 5t 5 AR F A B HL PO, o

Fe 5 J Wl B 2 T S MSB250 B i 2 T 6 %
1 EDS F1 XPS Ji o Lo A4 2R .

#®5 B RAIATE MSB250 RETTEMEF St
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MFESATHL, CLOTLE i Ly 22 fL IR B2 KT P
JCE ,Fe LR M EDS 7 WAHXI R E , PIC R A9 EDS il
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