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Abstract: The biochar was prepared by using rice straw as raw material at the pyrolysis temperatures of 400 and
550 °C. The adsorption performance of CaCl, and MgCl, modified biochar (CBC-400, CBC-550, MBC-400, MBC-
550) on phosphorus was investigated. The results showed that the phosphorus adsorption characteristics of MBC
and CBC were different. MBC had a slower adsorption rate but higher adsorption amount, while CBC had a faster ad-
sorption rate but lower adsorption amount. The results of isothermal adsorption showed that the saturated adsorption
amounts of MBC-400 and MBC-550 were 67.08 mg/g and 60.17 mg/g, respectively, which were higher than those of
CBC-400 and CBC-550 (5.97 mg/g and 18.51 mg/g). According to the adsorption kinetic results, the adsorption
process of CBC was consistent with quasi-first-order adsorption kinetics, and the adsorption of phosphorus by MBC
proceeds in two stages: surface diffusion and adsorption. In the initial pH range of 3-11, the phosphorus adsorption
by CBC increased slightly with the increase of pH due to the surface precipitation of CaHPO, and Ca(H,PO,), af-
fected by pH, while the phosphorus adsorption by MBC decreased with the increase of pH under electrostatic ad-
sorption. The adsorption of biochar was analyzed by XPS, SEM, BET, FTIR and XRD, and the results showed that

the phosphorus adsorption by CBC mainly relied on surface adsorption and surface precipitation between CaO par-
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ticles and phosphorus, while MBC mainly relied on the chemical reaction between MgO and phosphate.

Key words: phosphorus removal ; biochar; modification ; adsorption
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Fig. 1 SEM images of different biochar materials
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Table 1  Compositional elements of different biochars

JLE  BC-400 BC-550 CBC-400 CBC-550 MBC-400 MBC-550

w(C)/% 52.54 62.48 48.83 51.20 40.94 39.00

o(H)/% 3.08 253 2.89 2.58 3.65 2.46
w(0)/% 1791 12.19 21.77 13.41 21.30 14.86
o(N)/% 234 217 1.85 1.48 1.57 1.02
o(Ca)l% 330 271 8.44 9.04 0.39 0.38
w(Mg)/% 0.13  0.12 0.06 0.07 2.11 2.69
H/C 0.06  0.04 0.06 0.05 0.09 0.06
0/C 034 0.20 0.45 0.26 0.52 0.38
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Table 2 Specific surface area and average
pore size of different biochars

A S A WRER/(m*-g")  FHFLAE/mm
BC-400 7.34 21.92
BC-550 21.29 11.72

MBC-400 72.78 15.40

MBC-550 171.32 12.89

CBC-400 68.19 18.19

CBC-550 233.28 15.18
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Table 3 Comparison of phosphorus adsorption capacity
of different biochars

5% B 44 EBRHI% S FLAE m
BC-400 -38.80 1.94
BC-550 -13.40 0.67

MBC-400 47.87 2.39

MBC-550 47.27 236
CBC-400 8.62 0.41
CBC-550 96.20 4.55
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Fig. 2 The effect of different initial pH on the adsorption

performance of biochar
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Table 4  Fitting parameters of phosphorus adsorption kinetic model by CBC and MBC
5H 52 55 5 S W B/ HE— W3 I ] F1%
) (mg-g™) Q/(mg-g™") k| R? Q./(mg-g™") k R?
CBC-400 1.32+0.50 1.23+0.02 56.17+0.00 0.964 5 1.23 — 0.964 5
CBC-550 16.83+0.32 15.95+0.30 0.12+0.02 0.968 7 15.44+0.73 — 0.888 1
55— Bt 3.04+0.11 3.87+1.21 0.9473 3.17+0.11 2.57+1.21 0.965 7
MBC-400 A 23.78+0.14
5B B 27.66+2.61 0.02+0.00 0.931 1 15.73+3.90 2.37+7.23 -0.1250
. %M B 3.28+0.13 3.31+0.94 0.950 2 3.40+0.17 2.29+1.33 0.956 3
MBC-550 P 25.22+0.09
5B BB 25.86+0.98 0.03+0.00 0.968 6 16.91+2.29 -9.92+5.33 -0.1111
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Fig. 4 Fitting of phosphorus adsorption isotherm model by CBC (a) and MBC(h)
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Table 5 Fitting parameters of phosphorus adsorption isotherm model by CBC and MBC

Langmuir A5 A

Freundlich %Y

5 H

2

Q. /(mg-g™") k/(L-mg™") R* k/(mg-g") - (L-mg™)"™ 1/n R?
CBC-400 5.97 0.01 0.990 1 0.11 0.62 0.996 1
CBC-550 18.51 0.52 09165 6.91 0.21 0.9255
MBC-400 67.08 0.01 0.942 2 2.29 0.57 09130
MBC-550 60.17 0.01 0.977 1 2.87 0.52 0.981 1
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Fig. 5 FTIR patterns of different modifiedbiochars before and after adsorption of phosphorus
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Fig. 6 XRD patterns of different modifiedbiochars before and after adsorption of phosphorus
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Table 6  Atomic proportions of XPS full spectrum before and af-
ter phosphorus adsorption by modified biochars
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Fig. 8 XPS spectra of P 2p after adsorption of phosphorus on modified biochars
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