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Study on the Adsorption Effects of Polyethyleneimine Functionalized Straw

Biochar on Pb*in Water
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fice, Changchun 130117, China)

Abstract: Corn and rice stalks were used as raw materials to prepare biochar (CS, RS) at 500°C under oxygen—
limited conditions. The two biochar types (CS and RS) were functionalized with polyethyleneimine (PEI) to obtain an-
other two straw—based biochars (PC and PR). The morphology, structure and surface characteristics of the four types
of biochar were characterized by field emission scanning electron microscope, automatic specific surface and poros-
ity analyzer, Fourier transform infrared spectrometer and X-ray powder diffractometer. The results showed that the
surfaces of the straw biochars after functionalization (PC and PR) became smoother and the specific surface area in-
creased significantly, the absorption peaks of oxygen—containing functional groups were enhanced, and an aromatic
structure emerged. The adsorption experiments indicated that the equilibrium adsorption capacity of Pb* by the bio-
char of CS, PC, RS, and PR were 84.6 mg-¢~', 93.1 mg-¢~', 88.6 mg-g~' and 98.2 mg-g', respectively. Both the
Langmuir(R*>0.963) and Freundlich (R*>0.955) models showed good correlations to the adsorption of Pb*.
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Fig.1 Scanning electron microscopy images of biochar before and after functionalization
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Table 1 Distribution of specific surface area and pore size of biochar

H Wik BET H & i A /m? - ¢! BALE em? - g™ LR mm
Biochar Specific surface area Total pore volume Average pore diameter
s 60.84 0.06 3.49
PC 153.87 0.16 4.08
RS 25.29 0.05 3.48
PR 115.18 0.14 4.98
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Fig.2 Infrared spectra of corn stover biochar before and after modification
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Fig.3 Infrared spectra of rice straw before and after biochar modification
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Fig.4 XRD spectra of corn stover biochar before and after modification
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Table 2 Dynamic adsorption fitting parameters

e IV IELE e P
First—order kinetic equation Second-order kinetic equation
q/mg-g”! k /min™" R? q/mg-g”! ky/g-mg ™" +min”" R?
CS 83.69 0.055 6 0.984 84.27 0.032 4 0.956
PC 89.52 0.076 7 0.963 94.29 0.056 3 0.990
RS 87.30 0.062 0 0.992 88.76 0.023 6 0.993
PR 97.84 0.084 5 0.942 97.82 0.079 2 0.998
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Fig.8 Adsorption isotherm fitting of Pb**
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Table 3 Isothermal adsorption fitting parameters

Langmuir 571

Langmuir model

Freundlich £ 7]

Freundlich model

q,/mg-g”! k/L-mg™! R’ k, 1/ R’
Ph* cS 403.91 0.001 0 0.991 1.58 0.76 0.980
PC 522.31 0.002 7 0.985 5.74 0.60 0.955
RS 437.48 0.003 6 0.985 8.59 0.56 0.985
PR 446.22 0.004 9 0.963 15.42 0.49 0.990
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Fig.9 The effect of pH on the adsorption of CS and PC
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