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Adsorption Capacity and Mechanism of Biochar Derlved from Typical Agncult‘ﬂral

Wastes for Cadmium in Aquéous Solutions f P .

GONG Pei-yun'* , SUN Li-jtan®" , SONG Ke?|, SUN Ya- fel QIN Q_m ZHOU Bin® XUE Yong A ;
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Abstract; Twelve blochdl t\pes were derived from animal manure (‘cow manufe, (hlcken manure, and pig mdmlﬁla) and crop slrlaw (wheat straw, rice straw, dnd comn straw)
at different temperatures ( 300C/700°C and 300°C/ 50000) for Cd® in a solution system in the present study. A scanning lelectron microscope, Fouriex infrared
spectrometer, X-ray diffraction, and CHN analyzer were apphed o dhalyzé the ph} ssical and chemical properties, surface structure, and elemental composition of the biochar.

The-adsorption Cdpaut); and related mechanism of biochar for Cd’ 1 ifi an dqueous solution was studied. The results showed that the maximum adsorption capacity of cow
manurg, chicken manure, and pig manure biochar for Cd**increased from:83:40, J19. 65, and 96. 74 mg+g " 10 106. 54, 268. 89, and 164. 53 mg+g ™", respectively, with
the increase/in pyrolysis temperature. With the increase in pyrolysis temperature, the pore structure of biochar became more abundant, oxygen-containing functional groups
increasedy ‘and the aromatic structure appeared. Quantitative analyses revealed that ion exchange accounted for 12%-52%, chemical precipitation accounted for 27%-79%,
complexation accounted for 19%-8%, and cation- accounted for 1%-28% of the total adsorption capacity of Cd** . With the increase in pyrolysis temperature, the proportion
of cation-Tr interaction increased from 19%-13% to 8%-30%, but the proportion of chemical precipitation and ion exchange were still very high (70%-93% ). Therefore, ion
exchange and chemical precipitation could be the main mechanisms of agricultural waste biochar adsorption for Cd**

Key words: biochar; adsorption; cadmium(Cd) ; livestock and poultry manure; crop straw
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Table 1 Fitting parameters of Langmuir adsorption isotherms for Cd®* of different agricultural-waste biochars
e _ %’%5’?@%%?@& g _ 1’5%%*@1‘3%%%

Q,/mg-g K,/mg-L R? Q,/mg-g K,/mg-L R?
CDB300 83.40 0.0029 0.917 RSB300 78.97 0.0030 0.929
CDB700 106. 54 0.001 4 0.905 RSB500 73.20 0.066 4 0.957
CMB300 19.65 0.1177 0.848 WSB300 75.32 0.0022 0.965
CMB700 268. 89 2.489 3 0.951 WSB500 70.53 0.005 6 0.930
PMB300 96.74 0.0011 0.973 CSB300 61.03 0.005 4 0.898
PMB700 164.53 0.0009 0.992 CSB500 77.03 0.0027 0.954

K2 AERVEFWEEWR Cd®* # Freundlich R TR E S
Table 2 Fitting parameters of Freundlich adsorption isotherms for Cd** of the different agricultural-waste biochars
2 -

- _ IR Y e _ VERIFERT RELE W 1

K,/mg-g 1/n R? K,/mg-g 1/n R?
CDB300 0.568 7 0.6547 0.989 RSB300 2.3529 0.4777 0.963
CDB700 0.4443 0.754 4 0.991 RSB500 11.3154 0. 0220 0.950
CMB300 — — WSB300 4.356 6 0.436 5 0.961
CMB700 115.05 0.1536 0. 881 WSB500 1.3779 0. 6202 0.945
PMB300 — — CSB300 2.8225 0.4559 0. 968
PMB700 0.486 8 0.740 6 0.996 CSB500 0.0331 1.1918 0.924

1)“—" 3R Freundlich J7F R B I 41521 S50
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Fig. 1 Adsorption isotherm of Cd** on agricultural waste-based biochar prepared at different temperatures at 298 K
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Table 3 Main physicochemical characteristics of the different agricultural-waste biochars

%/ “EC i % % CO}~ Him
o pH ?”7}0} /cm((;lE'(l:g - Eijff ! /crilzi -1 iLrjm PH.c /r:1g . g“f%
CDB300 9.48e 52.23b 54.54a 1.70 0.010 23.38 2.45 2. 771
CDB700 9.74d 45.07¢ 15.78d 110.52 0.091 3.31 2.98 1. 44i
CMB300 9.70d 42.76¢ 18.45d 2.88 0.021 28.86 3.20 7.55d
CMB700 13.00a 57.68a 24.36¢ 25.89 0.055 8.48 2.45 22.96a
PMB300 7.83i 29.61e 16. 86d 1.43 0. 006 17.71 2.47 1.08i
PMB700 9.20f 39.13d 8. 96e 52.66 0.045 3.44 4.02 0. 96j
WSB300 9.77d 17. 96 10. 76e 1.58 0. 005 11.41 2.58 2.01h
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RSBS00 10.25h 30. 26¢ 19. 85¢ 54.69 0.050 3.63 2.30 13.53b
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CSBS00 9. 66d 19. 09f 9.29¢ 12.95 0.022 6,72 271 7 4016
1) SR NG 8 3R AR A M 25 57 5.3 (P <0. 05 i
| ." ) f .,-"'I -"'- i
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Table 4 Elemental ;’,ompositid‘;l and atomic ratio of the differem.;gricultu.rdliwéste biochars X - -_.-“'n.
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CMB300 35.79 s /Y adf 15.45 ‘,f‘ 0.0 1 o4 07510 4
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Fig. 3 Fourier infrared spectroscopy of the different agricultural-waste biochars
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Fig. 4 X-ray diffraction spectra for the different agricultural-waste biochars
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