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Adsorption performance and mechanism of manganese ferrite
modified biochar for phosphate

XIANG Hanrui, LIU Jingxian, ZHANG Wenhao, OUYANG Erming,
YANG Hongwei, ZHAO Rui

(School of Resources and Environment; Key Laboratory of Poyang Lake Environment and Resource Utilization,

Ministry of Education, Nanchang University, Nanchang 330031, P. R. China)

Abstract: Excessive phosphorus discharge is one of the primary factors contributing to water eutrophication,
making the development of efficient and cost-effective technologies for phosphorus-containing wastewater
treatment crucial for water environment protection. In this study, bamboo biochar (BC) was prepared through
pyrolysis using moso bamboo as the raw material, and manganese ferrite-modified biochar (MnFe,0,/Biochar,
MB) was synthesized via a hydrothermal method for the removal of phosphate (H,PO,” ) from wastewater. The
effects of factors such as pH, adsorption time, and initial concentration on the adsorption performance were
investigated. The results indicated that the adsorption capacity of MB for phosphate decreased with increasing

pH, reaching a maximum capacity of 4.59 mg/g at pH=4.0. The adsorption process followed the Freundlich
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isotherm model and the pseudo-second-order kinetic model. The high saturation magnetization value of MB

(48.28 emu/g) demonstrated its ease of separation. Characterization results revealed that the adsorption

mechanism primarily involved the exchange of hydroxyl groups in Mn-OH with phosphate to form inner-sphere

complexes. Furthermore, in actual water bodies, the presence of coexisting ions and organic matter interacted

with phosphate, providing additional adsorption sites for MB and resulting in favorable phosphate removal

performance. The findings of this study suggest that MB, as an efficient and easily separable adsorbent, holds

significant potential for application in the treatment of phosphorus-containing wastewater.

Keywords: bamboo biochar; manganese ferrite; phosphate; adsorption phosphorus removal; adsorption

performance; adsorption mechanism
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Fig. 6 Adsorption kinetics
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Table 2 Pseudo-first-order and pseudo-second-order kinetic model parameters

ifE— 23l J) s

E 93 Jy 2 Rl

IR B/ (mg/L) q./(mg/g) K, R* q./(mg/g) K, R?
2 1.5199 0.316 4 0.9417 1.588 6 0.324 2 0.987 0
P(V) 5 1.816 1 0.3369 0.9154 1.906 7 0.2696 0.978 7
10 3.0017 0.1178 0.962 1 3.2254 0.054 8 0.994 3

%3 MB R M558 £k 59 Langmuir #1 Freundlich £ %]
Table 3 Langmuir and Freundlich parameters of phosphate adsorption by MB

- RE/C Langmuir #% %I , Freundlich #%5 %4 '

q./(mg/g) K /(L/mg) R? . n R*
15 7.4701 0.048 3 0.9384 0.5555 1.577 6 0.968 3
‘ 25 7.4724 0.097 2 0.9801 1.0349 1.8774 0.9899
ey 35 7.647 3 0.136 5 0.9720 1.4342 2.1358 0.993 3
45 10. 5637 0.0917 0.962 2 1.4047 1.8557 0.9879
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Fig. 9 Phosphorus removal effect of MB on actual water body

Y 2 4 AT AT, 78 52 bR K FE K B O B A £
BEIFE 2R A B F o T o SE PR KRR Hh i) 0 vk
43k 1.2.5 mg/L, 318735 pH{E N 7.040. 2, LA
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Table 4 Water quality parameters of North Lake, Ganjiang River, and Runxi Lake

- g/ UVys,/ clr/ NO*/ SO/ Na™/ K*/ Ca*t/ Mg®"/
7K U5 pH1E o
NTU cm (mg/L.) (mg/L) (mg/L) (mg/L) (mg/L.) (mg/1.) (mg/1.)
i) 8.54 11.46 0.08 36. 14 1.04 10. 82 19. 60 9.54 31.92 3.52
BT 7.64 6.77 0.05 8.81 1.52 8.72 7.67 4.46 16.92 2.87
THE W) 7.72 4.55 0.05 14.01 0.57 6.46 8.26 5.18 18.93 2.65

9 AT g0, M B R ER W B 43 i 1.2.5 mg/L
iF, MB Ab 3 S By 7K A v i) @l 8k A4 55 28 5 3 A T
Aib B S50 5 C A BE R AR VA R . X PP A
A FSLBRAK R AEER Ca® Mg™ S fHE F,Ca™"/

Mg"" 5 MB 2 1 £ # oy 37 55 45 A, v R 2 1 F fof JF
JE L = J04A W (I MB-Ca*' -PO,*) , i A2 #F 1 #
M2 £5 76 MB 2 10 (1 W B0, AT BIF 9 26 B, [R) 28 2k
B/ e WU 2R W e X Tl TR A o % Y L K
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Fig. 10 FTIR diagram before and after phosphate
adsorption by MB
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