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Adsorption of Pb** and Cd* in Aqueous Solution by Biochars Derived from Different Crop Residues

LI Rui-yue, CHEN De, LI Lian—qing’, PAN Gen—xing, CHEN Jian—qing, GUO Hu

(Institute of Resource, Ecosystem and Environment of Agriculture, Nanjing Agricultural University, Nanjing 210095, China )

Abstract: Three kinds of crop residues, including wheat straw, rice straw, and maize stalk, were used to generate biochars at pyrolysis tem—
perature of 450 °C. The biochars obtained were employed to study Ph** and Cd** adsorption. Results showed that the sorption kinetics of Ph**
and Cd** on biochar particles followed pseudo second order kinetic model. The adsorption rates of Ph?* by wheat straw biochar( WSB ), rice
straw biochar( RSB) and maize stalk biochar( MSB) were 0.044, 0.019 and 0.012 mg-g™+h™" and 0.195, 0.164 and 0.070 mg-g™'+h™" for
Cd*, respectively. Isothermal adsorption of Pb* and Cd** by WSB, RSB and MSB fitted well with Langmuir equation. The maximum sorption
capacity of Ph?* by WSB, RSB and MSB was 99.65, 110.31 and 88.82 mg-g™, and 30.64, 29.39, and 21.47 mg-g' for Cd**, respectively.
The removal rates of metals from solution increased dramatically when the initial pH increased from 2.5 to 3.5. The removal mechanism of
Pb* and Cd* from aqueous solution might be chemical precipitation with CO5, PO, SiO, in WSB and RSB, while through adsorption on the
surface of MSB particles with high amount of functional groups.
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Table 1 Basic properties of three biochars

YR TRE Recovery rate/

ol A HLEK Organic carbon/ JK4)» Ash/  SHEHE Available P/ 4 {k7E SiOy BRERHE CO5/  PHES T35 i CEC/

Biochars % g kg % mg-kg! mg-kg! cmol kg cmol kg’
WSB 34.71 9.93 616.93 28.60 742.16 813.08 26.40 62.60
RSB 3533 10.09 513.71 30.12 115335 688.87 12.00 86.74
MSB 36.25 9.90 653.63 27.63 223.14 517.82 7.20 56.96

{1 - WSB fUR/NAFEAT 5 s RSB AR REREFT ¢ ; MSB AR E KT 1A
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Figure 1 Effect of contact time on Ph* and Cd* adsorption

by biochars
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Table 2 Fitting parameters of kinetic equations for Pb** and Cd** adsorption on biochars

T e 7 < 1 g -

I FhEAT R BEET Psg%dtlfﬁrﬁfriiﬁﬁdel Pseu{ﬁ:si}}cl(i]ijji%odel Partf?jid?fi};ﬁifljzjfanon

Adsorbents Metal ions -

Q/mg-g" kb R Q/mgrg”"  homg-g'-h R ky/mg g b R

WSB Pb* 35.14 0.181 7 0.862 6 95.23 0.044 1 0.999 4 13.57 5 0.863 2
RSB 59.28 0.177 6 0.877 7 104.17 0.019 2 0.998 4 22.07 8 0.895 2
MSB 65.74 0.329 6 0.976 5 92.59 0.0119 0.990 6 21913 0.966 2
WSB Cd* 13.06 0.069 1 0.801 1 24.39 0.195 0 0.999 3 2.896 5 0.857 1
RSB 15.34 0.059 9 0.828 7 21.32 0.164 0 0.998 9 2.979 8 09125
MSB 12.87 0.195 8 0.987 2 20.79 0.070 1 0.992 0 4.102 6 0.982 6
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Figure 2 Effect of initial metal concentrations on Pb* and Cd* adsorption by biochars
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Table 3 Fitting parameters of Langmuir and Freundlich models for adsorption isotherms of Ph** and Cd* on biochars

8 B4 SIRET Langmuir 2% Langmuir parameters Freundlich Z%{ Freundlich parameters
Adsorbents Metal ions Quu/mg- g b/L-mg" R? n K R?
WSB Pb* 99.650 0.545 0.973 5.181 32.106 0.873
RSB 110.314 0.614 0.963 5.181 35.333 0.784
MSB 88.821 0.586 0.981 5.263 29.599 0.863
WSB Cd* 30.641 0.113 0.986 2.793 6.085 0.971
RSB 29.386 0.104 0.959 2.695 5.586 0.990
MSB 21.472 0.121 0.964 3.205 5.010 0.974
100 100
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Figure 3 Effect of initial pH on Pb* and Cd** adsorption by biochars
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Table 4 Specific surface area, total pore volume and average pore

size of three biochars

BET L&MW EALIATH Total SRR

s P .

. Specific surface area/  pore volume/  Average pore size
Biochars s I

m’g m’+g /nm

WSB 29.97 0.052 4 6.999

RSB 32.22 0.063 8 7.925

MSB 47.42 0.062 6 5.277
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Figure 4 SEM images of three biochars
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adsorption of Ph* and Cd*
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