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Adsorption characteristics and mechanisms of Cd* in biochar derived from vetiver grass under different pyrol-
ysis temperatures

DENG Jin—huan', GAO Li-yang', ZHOU Wan—wan', DU Wei-ting®, CAl Kun—zheng'%, CHEN Gui-kui'?, HUANG Fei'*"

(1.College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642; 2.Key Laboratory of Tropical A—
gro—Environment, Ministry of Agriculture, Guangzhou 510642; 3.College of Urban Construction and Environmental Engineering, Chongqing
University, Chongqing 400045 )

Abstract: To explore the adsorption characteristics and mechanisms of Cd** in biochar, three biochar samples were prepared by heating ve—
tiver grass ( Vetiveria zizanioides L.) under different pyrolysis temperatures of 300, 500 °C and 700 °C(BC300, BC500, and BC700) and
characterized by elemental analysis, BET-N, surface area, zeta analysis, scanning electron microscopy with energy dispersive spectroscopy
(SEM-EDS), and Fourier—transform infrared spectroscopy ( FTIR ). Results showed that when the pyrolysis temperature increased, yields
decreased; however, the ash content, pH, zeta potential, and specific surface area increased especially for BC700(227.04 m?+g™), which
was 67.8 times higher than that in the raw material. The Freundlich model was more suitable for describing the adsorption processes ( R*>

0.98 ), with the adsorption capacity following a descending order of BC700(92.65 mg-¢™)>BC500(80.17 mg-g™")>BC300(76.29 mg-g™).
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Adsorption kinetics showed that the equilibrium time followed an ascending order of BC700( 80 min )<BC500( 180 min )<BC300(240 min ),
which were better fitted by the pseudo—second order model (R?>0.98 ). SEM-EDS and FTIR analyses indicated that the adsorption mecha—

nisms mainly included surface electrostatic adsorption and complexation. The BC700 sample, which was equipped with a larger specific sur—

face area, and greater amounts of negative charge and functional groups, was more effective than the other biochar samples. These observa—

tions suggest that biochars derived from vetiver grass have the potential to treat Cd* in wastewater.

Keywords: vetiver grass; biochar; cadmium; pyrolysis temperatures; adsorption characteristics
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Table 1 Physical-chemical properties of biochar

WAHE bR CK BC300 BC500 BC700
7% 43.64+0.50 31.18+0.72  26.90+0.79
TRA1% 15.49£0.09  21.72+0.18  24.25:0.47
pH 8.1320.08  9.64:0.02  10.62+0.07

Zeta Hf1/mV -25.00:0.90 -28.07+1.00 -30.33x1.17
Cl% 41.43 59.34 63.86 63.96
0/% 51.37 34.85 3223 33.34
H/% 6.39 4.50 2.63 1.68
N/% 0.81 1.31 1.28 1.02
H/C 0.15 0.08 0.04 0.03
0/C 1.24 0.59 0.50 0.42
BET Mifil/m?- g’ 3.30 3.37 42.89 227.04
AR em® g 0.01 0.02 0.06 0.17
R fL MM 2345 17.24 5.34 2.93

Wik CA* MRy 10 mg- L7 I, AW ik B i K 2Bk
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Figure 1 Effect of initial Cd* concentration on adsorption(a) and

isotherm model fitting(h )
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Table 2 Isotherm constants for adsorption by biochar

" Langmuir Freundlich
gu/mgrg? K /L-g? R*  Ki/mg™mLV.gl p R?
BC300  52.79 0.078 0.946 6.82 2.10 0.986
BC500 77.14 0.035 0.756 11.48 2.66 0.991
BC700 87.74 0.083 0.851 29.24 4.61 0.990

(quy), “FRIAXTIRZES IR 2.18% \1.71%F01 3.79%,
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Figure 2 Effect of time on Cd* adsorption
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Table 3 Parameters of the kinetic adsorption by biochar
] E—25)) )12 HE— 25 )12 ]
Co/mg-L" YR - ; qep/mg g’
q./mg-g”! k,/107 min™ R? q./mg-g”! k,/10? g+mg™ +min™ R?
20 BC300 11.96 1.31 0.508 12.56 0.2252 0.986 12.59
BC500 17.03 2.27 0.821 17.89 0.281 8 0.996 17.54
BC700 18.15 42.63 0.208 18.15 2.610 5 0.999 18.77
100 BC300 34.77 49.72 0.548 34.26 0.722 4 0.998 35.67
BC500 38.54 25.77 0.630 39.34 0.684 4 0.998 39.91
BC700 46.40 7.83 0.791 49.70 0.852 8 0.999 47.63
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Figure 3 SEM-EDS images of biochar before and after adsorption(x5000 times )
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Figure 4 FTIR spectra of the biochar and raw materials
x4 YR SRR ENEXES R
Table 4 The correlation analysis of biochar characteristics and pyrolysis temperatures
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Table 5 Adsorption capacity of Cd* by different biochars
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