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Phosphorus Adsorption by and Forms in Fe-modified Biochar
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tion, Design and Research CO. LTD, Tianjin 300222, China )

Abstract; Biochar has great potential to adsorb phosphorus, and its phosphorus forms are important for phosphorus release and bioavailabili—
ty. In this study, wheat straw derived biochar was used to examine the changes of elements and surface functional groups, phosphorus ad—
sorption and forms in biochar after modification. Modification obviously decreased C mass fraction, but increased O and Fe mass fractions in

the biochar. The content of carboxyl in biochar significantly increased, while basic functional groups decreased after modification. Modifica—
tion led to the equilibrium time of phosphorus adsorption by biochar increasing from 60 min to 120 min. The maximum adsorption capacity

of phosphorus by Fe—modified biochar was 10.1 mg+ g™, which was 19.4 times that of unmodified biochar. The content of exchangeable phos—
phorus in unmodified biochar accounted for 82.1% of the total adsorption, suggesting that the adsorption mechanism was mainly physical

adsorption. However, the content of iron—bound phosphorus in Fe—modified biochar was 66.7% of the total adsorption, while exchangeable

phosphorus only 26.6%, implying that phosphorus was adsorbed by chemical adsorption. Increasing initial pH enhanced the removal per—
centage of phosphorus by Fe—modified biochar until pH7, and then decreased. The pH dependence of phosphorus removal rates was closely

related to the content of exchangeable phosphorus. Increased pH might promote iron—bound phosphorus transform into occluded phosphorus.
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Table 1 Elemental composition of biochars

KR C/% N/% H/% 0/% Fe/% Ca/% Mg/% H/C (N+0)/C
M-400 62.4 4.04 3.03 26.3 2.17 1.43 0.632 0.584 0.372
M-400-Fe 30.8 3.27 1.60 48.9 13.9 1.07 0.489 0.624 1.28
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Figure 1 Infrared spectra of biochar M—400-Fe(A ) and M—400(B)
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Figure 2 Contents of surface functional groups of biochar M-400
and M-400-Fe
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Figure 3 Kinetic curves of phosphorus adsorption by biochars
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Figure 4 Contents of different phosphorus forms in M—400 and

M-400-Fe before and after adsorption
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Table 2 Parameters for isotherm models

Langmuir Freundlich
ERYPS
Q/mg-g! K/L-mg" R? K; n R?
M-400  0.521 0.049 0.981  0.105 3.17 0.941
M-400-Fe 10.1 0.098 0993  0.496 2.01 0.979

R 3 AW pH XEEER bR R B0 A0 R M AR A& pH
Table 3 Effect of initial solution pH on phosphorus removal

percentages and equilibrium pH

NG pH M40 M-400-Fe
FWRRi% TR pH EWR% PR pH
3 8.62 4.78 79.3 2.23
5 7.31 6.42 92.0 2.85
7 6.25 7.65 94.0 3.29
9 5.32 8.53 90.9 431
11 4.07 9.46 86.2 5.44
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Figure 5 Contents of different phosphorus forms in M-400 and
M-400-Fe after adsorption at different pH
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