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Oxidative aging process of biochar and its adsorption mechanism for cadmium

HE Yulei'?, SONG Ningning®, LIN Dasong'*", SUN Yuebing'?, WANG Fangli’

(1.Key Laboratory of Original Agro—Environmental Pollution Prevention and Control, Ministry of Agriculture and Rural Affairs, Agro—
Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2.Tianjin Key Laboratory of Agro—
Environment and Agro—Product Safety, Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin
300191, China;3.Qingdao Rural Environmental Engineering Research Center, School of Resources and Environment, Qingdao Agricultural
University, Qingdao 266109, China)

Abstract: To study the effects of the aging process on the properties of biochar and its ability and mechanism of cadmium (Cd™)
adsorption, the hydrogen peroxide chemical oxidation method was used to simulate the aging process of rice husk biochar in the natural
environment. An isothermal adsorption experiment was conducted to study the effects of the oxidative aging process on the ability of biochar
to adsorb Cd*. Scanning electron microscopy and energy spectrum analysis, Fourier transform infrared spectroscopy, and “C nuclear
magnetic resonance technology were used to explore the Cd™ adsorption mechanism of biochar during oxidative aging. The results showed
that the elemental composition and specific surface area of biochar did not change significantly during the oxidative aging process, whereas

the oxygen—containing groups and the aromaticity increased. The adsorption of Cd** on hiochar before and after aging was in line with the
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quasi—second—order kinetic model, but the oxidative aging process inhibited the Cd** adsorption capacity of rice husk biochar. The

maximum Cd*" adsorption capacity of the biochar predicted by the Langmuir isotherm at 298 K was in the order of unaged biochar (21.48

mg-¢™')>oxidative aging biochar 1(15.07 mg- ™) >oxidative aging biochar 2(7.56 mg-g™') >oxidative aging biochar 3(7.51 mg-g™). The

Cd* adsorption mechanism of biochar mainly included surface complexation, cation—1r interaction, and ion exchange, and the change in

alkali metal elements in the oxidative aging process inhibited surface adsorption.

Keywords : biochar; aging; cadmium; adsorption properties; mechanism
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Table 1 The element content of original and oxidized biochar

Wy JER U A Elemental composition/% JiF It Atomic ratio VS
Biochars C N H 0 H/C 0/C (0+N)/C Ash content/%
BC 48.80 0.30 1.28 9.35 0.31 0.14 0.15 39.866
0BCl1 50.74 0.33 1.19 9.05 0.28 0.13 0.14 40.014
0BC2 50.28 0.33 1.18 10.48 0.28 0.16 0.16 39.796
OBC3 49.73 0.33 1.25 10.49 0.30 0.16 0.16 39.823
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Figure 1 N;adsorption—desorption curves and NLDFT pore size distribution of original and oxidized biochar
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Table 2 Kinetic parameters of adsorption on Cd*

g HE— =5 ! The pseudo—first—order model # . A The pseudo—second—order mode ER 3
e HE— B RE Th do—f der model i — 245} Jj*# 1 Th d d-order model 25k k-

R A

Biochars Gecal(mgeg™) K, /min”' R Gowl(mgrg")  Ko/(gemg ' min™) R Significance level Number of samples
BC 12.73 0.069 0.919 13.23 0.009 0.965 P<0.05 14
OBC1 2.58 0.041 0.824 2.76 0.020 0.898 P<0.05 14
0BC2 2.95 0.151 0.650 3.09 0.077 0.782 P<0.05 14
0BC3 3.47 0.155 0.748 3.64 0.065 0.862 P<0.05 14
161
O
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Figure 2 Kinetics of Cd** adsorption by original and

oxidized biochar
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Figure 3 Adsorption isotherms on Cd** of original and

oxidized biochar
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Table 3 Paramerers of Langmuir and Freundlich isotherm equation fitting for Cd**
W) K Langmuir Freundlich KR FE S AT

Biochars Ki/(Lemg")  Qu/(mg-g™) R Ki/(mg-L"+g™) n R Significance level Number of samples
BC 283 0.050 15.46 0.813 4.068 0.252 0.725 P<0.05 5
298 0.243 21.48 0.823 11.308 0.141 0.715 P<0.05 5
318 1.541 20.10 0.823 15.361 0.069 0.896 P<0.05 5
OBC1 283 0.866 14.77 0.844 8.102 0.147 0.942 P<0.05 5
298 1.253 15.07 0.823 8.798 0.135 0.877 P<0.05 5
318 2.285 16.89 0.846 10.298 0.132 0.897 P<0.05 5
0BC2 283 0.066 6.70 0.841 1.938 0.239 0.862 P<0.05 5
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OBC3 283 0.050 5.75 0.815 1.336 0.276 0.902 P<0.05 5
298 0.044 7.51 0.856 1.505 0.303 0.847 P<0.05 5
318 0.039 8.43 0.853 1.517 0.322 0.819 P<0.05 5
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Figure 5 SEM and EDS of original and oxidized biochar after adsorption of Cd**
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