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Mechanism of cadmium adsorption by oxidative aging corn straw biochar
MA Kaiyue"?, ZHANG Hao’, SONG Ningning’, WANG Fangli’, LIN Dasong"*"

(1. College of Resource and Environment, Northeast Agricultural University, Harbin 150030, China; 2. 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 adsorption response of corn straw biochar to Cd*" after simulated natural aging, corn straw biochar was oxidized and
aged for 1, 2, and 3 times using H,0,. The adsorption and response mechanism of Cd* by biochar before and after aging were analyzed
using elemental analyzer, scanning electron microscope, infrared spectrum, and carbon spectrum. The results showed that silicate
precipitation was formed during the oxidative aging of corn straw biochar. After H,O, aging, the atomic ratios of H/C, O/C, and (0O+N)/C
gradually increased, resulting in the increase of oxygen—containing functional groups, weakening of aromaticity and enhancement of
polarity of biochar. After aging for 1, 2, and 3 times, the alkaline elements of corn straw biochar OYM1, OYM2, and OYM3 were released,
and the alkaline elements were reduced by 48.23%, 95.04%, and 95.74%, respectively compared with the unaged corn straw biochar
(YM). The maximum adsorption capacity of aged corn straw biochar for Cd** was in the order as follows: YM (12.42 mg-¢g™)>0YM1(5.98
mg-g')>0YM3(3.88 mg-g')>0YM2(3.61 mg-g™"), indicating that aging inhibits its adsorption of Cd**. Long—term usage of corn straw
biochar may probably promote the role of inorganic components and weaken its adsorption performance; therefore, it should be used
reasonably in the remediation of soil and water pollution.

Keywords : biochar; corn straw; aging; adsorption mechanism; cadmium
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Figure 1 EDS diagram of biochar YM,0YM1,0YM2, and OYM3
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Table 1 Element contents of original and oxidized biochar

ER JLHE A Element composition/% JEFH Atomic ratio AN S
Biochar C N H 0 H/C 0/C (0+N)/C Ash content/%
YM 49.62 1.54 2.27 12.64 0.55 0.19 0.22 32.738
oYM1 51.20 1.46 2.60 17.35 0.61 0.25 0.28 28.827
0YM2 42.79 0.82 2.00 16.35 0.56 0.29 0.30 37.188
oYM3 31.24 0.55 1.52 13.66 0.58 0.33 0.34 52.679

WWW.QEs.0r9.CN




m@g 1234

URETRR Rt Y £ 4155 6
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IKACE P Tk B SE N T ) 1) AH XAk 24 06 B8 Sy 45
10°~93x 107, 75 7 ik 14 A1 Xt 1k 24 650 # A 93 x 107~
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2 L T R BE e 1) HR Ak 2 0 B8 R 165X 107°~220 %
1070122 UL 4 % 3R 125% 107 45 4 H PR dgb O 0
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Table 2 Porous structures of original and oxidized biochar

" JFL Total hole H1FL Mesopore #FL Micropore SEFLEE
e HR R SUIKBY H R TRY ALIKRY AL JUKRY  Average aperture/
(m*+g™) (em’-g™) (m*-g™) (em’-g™) nm (em’-g™) mm
YM 11.92 0.022 12.391 0.022 0.548 0.025 7.52
OYM1 23.73 0.036 23.202 0.035 2.657 0.039 6.14
0YM2 36.49 0.054 28.895 0.049 1.207 0.061 5.94
0OYM3 24.08 0.038 20.504 0.035 1.475 0.038 6.29

401 (a) N W B BE R Hh £

W AR
Adsorption volume/(em’+g™")

0 0.2 0.4 0.6 0.8 1.0
plpo

0-006 [ (b)fLAz 53 i 2k
0.005 [
i?ﬂ 0.004 [

'
= 0.003 |
k=

0.002 |

S
—
<
Q
=
=~
=

0.001 |

0F

0 20 40 60 80 100

fL#% Pore size/nm

-m YM - OYMI —& OYM2 —¥ OYM3
B2 ZALRTEEMRAIFLIZ S 15 F0 N IR B -5 B h 2%

Figure 2 Pore size distribution and N, adsorption—desorption curves of original and oxidized biochar
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(b)) W B} After adsorption
3 MR Cd RIS R SEM
Figure 3 SEM before and after adsorption of Cd* by biochar
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Figure 5 FTIR spectras of original and oxidized biochar
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Figure 6 Kinetics of Cd* adsorption by original

and oxidized biochar
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Table 3 Kinetic parameters of adsorption on Cd**

AWy W — Bl 112 Pseudo-first—order dynamic model 28 1 2E B Pseudo-second-order dynamic model
Biochar q./(mg-¢g™") Ki/min™ R? ¢./(mg-g™") Ki/(g-mg"'-min™) R
YM 12.42 0.0679 0.8872 12.87 0.008 6 0.943 8
0YM1 5.98 0.0735 0.9249 6.17 0.020 7 0.967 8
0YM2 3.61 0.0490 0.9318 3.87 0.0156 0.926 6
0YM3 3.88 0.038 1 0.964 5 4.16 0.0119 0.975 4
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Figure 7 Adsorption isotherms of Cd** on original

and oxidized biochar
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Table 4 Parameters of Langmuir and Freundlich isotherm equation fitting for Cd*

He W bris Langmuir Freundlich
Biochar Temperature/K Ki/(Lemg™) Q./(mg-g™) R Ki/[(mg-g™")(L-mg™)"™] n R
YM 283 0.280 1 15.46 0.8119 10.025 7 0.089 9 0.796 6
298 0.313 4 17.46 0.860 5 11.202 0 0.094 4 0.764 4
318 0.494 9 19.41 0.860 3 13.204 9 0.086 8 0.729 0
0YM1 283 0.066 2 7.00 0.839 4 1.999 6 0.2415 0.869 6
298 0.135 4 7.59 0.817 4 33673 0.1613 0.8273
318 0.101 8 8.36 0.8423 3.023 6 0.202 6 0.862 4
0YM2 283 0.0229 7.12 0.8197 0.743 6 0.408 9 0.8396
298 0.074 4 4.64 0.836 2 1.613 0 0.200 5 0.827 1
318 0.080 5 6.33 0.816 0 2.166 6 0.207 2 0.815 4
0YM3 283 0.028 9 6.55 0.8155 0.894 1 0.365 3 0.840 8
298 0.055 3 527 0.828 7 13977 0.250 4 0.854 6
318 0.067 0 5.60 0.850 0 17453 0.222 1 0.8459

Na*
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Figure 8 Adsorption of Cd* by corn straw biochar and its aging response mechanism
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