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Adsorption of Cd** on Biochar from Aqueous Solution

GUO Wen-juan, LIANG Xue-feng, LIN Da-song, XU Ying-ming, WANG Lin, SUN Yue-bing, QIN Xu

(Key Laboratory of Original Environmental Quality of Ministry of Agriculture/Tianjin Key Laboratory of Agro-Environment & Safe-
Product, Agro-Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China)

Abstract: Biomass-based materials such as biochar have a good performance in heavy metal adsorption. The adsorption of Cd** on
biochar converted from cotton straw was studied. Adsorption isotherm, kinetics and effect factors such as temperature, pH and ionic
strength were investigated. The adsorption of Cd®>* on biochar can be fitted by the Freundlich isotherm better than the Langmuir
isotherm. The maximum adsorption amounts of Cd** at different temperatures were 9.738 mg-g~' (288.15 K), 10.14 mg-g™'
(298.15 K), 10.40 mg-g~" (308.15 K) and 10. 71 mg-g~" (318.15 K) , respectively. The free energies AG® were from — 8. 346
kJ-mol ' to —10.276 kJ+-mol ™' at different temperatures , indicating that the adsorption of Cd’>* onto biochar is spontaneous and is an
endothermic process. The adsorption process can reach equilibrium within 40 minutes and can be fitted by the pseudo second order
kinetic model. pH showed a significant effect on the adsorption of Cd** on biochar in the range of 2-8. The adsorption amount of Cd**
on biochar shows a reducing trend with the increasing ionic strength.

Key words : biochar; Cd; adsorption; reaction kinetic; pH; ionic strength
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Fig. 1 Isotherm of N, adsorption on biochar
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Table 1 ~Parameters of isotherm fitting for Cd>* sorption on biochar
K Langmuir LR Freundlich 25544014
R K /Leg™! Q,/mg-g”! R Ky n
288.15 0.9772 0.8473 9.759 0.9889 4.760 0.2454
298. 15 0.954 4 1.016 10. 03 0.9836 5. 051 0.2426
308. 15 0.9363 1. 117 10. 40 0.9833 5.252 0.246 7
318.15 0.9623 0.9790 11.33 0.9943 5.637 0.2492
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Fig. 3 Plot for determination of the adsorption equilibrium constant ( K, )

and Van’t Hoff plot for the adsorption equlibrium constant
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Table 2 Thermodynamic parameters of Cd>* sorption onto biochar at various temperatures

T/K R? InK AG®/kJ-mol 7! AH®/kJ-mol ! AS®/J- (mol-K) ~!
288. 15 0.964 8 3.484 —8.346 9.969 63. 80
298. 15 0.9245 3.691 -9.149
308. 15 0.918 8 3.79%4 -9.721
318. 15 0. 9802 3.883 -10.27
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Fig. 4 Fitting of kinetic data of Cd*>* sorption on biochar
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Table 3 Kinetic parameters of Cd>* sorption on biochar

— RS TR T E TR
Qm/mg'g_] kl/min'l R? ()m/mg-g_l k2/g-(mg-min)_] R?
4. 945 0.1426 0.8433 5.457 0.0352 0.9253
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pH 2 5 AR FA 14 2 DR 3 2 MR R R 5 1 2
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AP CA* B2 HL s K. 7 pH i 2 ~6 1
Bl A exd Cd>* W B BB pH Y FF ey 2 4
IS JEHUEAE 3 ~ 4 JE IR, 3G ORME BE AR,
4 pH k6 ~8 B, ARkt Cd** i W bt & il pH
()T e S i/ R A, X PR R Y pH (IR, TR
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