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Adsorption capacity of phosphorus in septic tank by rice straw
biochar loaded with Fe/Ca
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Abstract: [t is significant to realize the efficient recovery of phosphorus resource and resource utilization of
agricultural wastes. Three kinds of modified rice straw biochar (PRSB-Fe, PRSB-FS and PRSB-Ca) were
prepared by modifying rice straw biochar (RSB) with FeCl,, Fe,(SO,); and CaCl,, respectively. SEM, XPS,
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FTIR and BET characterized the modified biochar. Its adsorption capacity for phosphate in simulated
wastewater and feces and wastewater separation solution of septic tank was explored by batch experiments. The
results of simulated wastewater test showed that the adsorption of phosphorous by three modified biochar was
well fitted to the pseudo-second-order kinetic model (R*>>0.99), which indicating chemical adsorption was the
major. The adsorption isotherms were more consistent with Freundlich equation at 20 “C , indicating that
multilayer adsorption was dominant. In addition, the coexistence of Cl= had little effect on the adsorption
capacity of modified biochar. For the feces and wastewater separation solution of septic tank with initial
phosphorus concentration of (12.944-1.51) mg/g, pH value of 7.440.2, the adsorption capacity of PRSB-Fe-
5, PRSB-FS-5 and PRSB-Ca-5 for phosphorus was 10.77, 23.35 and 0.85 mg/g, respectively. PRSB-FS-5
had the best adsorption of phosphorus, with the removal rate as high as 97.31%, and the residual phosphorus
concentration was only 0.37 mg/L., reaching the first level A standard of Discharge Standard of Pollutants for

Municipal Wastewater Treatment Plant (GB 18918-2002).

Keywords: rice straw ; biochar; septic tank; adsorption of phosphorus; resource utilization
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Fig.1 The SEM images of biochar before and after modification and phosphorus adsorption
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Table 1 The pore structure parameters of biochar

R m AR/

kL - AR /am FLE/ (emeg )
(m*g™ 1)
RSB 4.95 5.01 0. 006 2
PRSB 34.57 3.16 0.027 2
PRSB-Fe-5 11.73 12.03 0.0353
PRSB-FS-5 8.92 9.06 0.020 2
PRSB-Ca-5 5.47 15.53 0.0212
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Table 2 Parameters of dynamic kinetic models

Ph—28 8l J1 £ KR

th =28 8l J1 £ KR!

s ton/ Mg ) T a/min ! R go/(mgg ) k/(gmg min ) R

PRSB-Fe-5 24.85 23.67 2.768 1 0.9858 24.24 0.250 2 0.997 3
PRSB-FS-5 27.13 26.18 2.9559 0.9919 26.73 0.262 3 0.998 8
PRSB-Ca-5 18. 04 18. 29 6.206 6 0.997 0 18. 39 2.0576 0.997 7
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Table 3 Parameters of adsorption isothermal models

Langmuir 1% 74

Freundlich #& %Y

U A W - - 9 - "
Q,/(mgeg ') K /(L-mg™ ") R’ n Kp/(Lemg ") R®
PRSB-Fe-5 4.814 6 0.039 8 0.9126 0.0616 0.505 2 0.9255
PRSB-FS-5 8.5911 0.0337 0.844 0 0.3014 0.724 3 0.907 1
PRSB-Ca-5 18.863 4 0.1619 0.826 2 3.6889 1.3198 0.9390
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Fig. 5 Effect of pH value on phosphorus adsorption

by biochar
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adsorption capacity of modified biochar
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Table 4 Comparison of phosphorus adsorbents in this

study with other reports
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