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Isothermal adsorption characteristics and applications
of Cu,Zn,and Pb in typical soil of Shanxi
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(1. College of Resource and Environment, Shanxi Agricultural University, Taigu 030801, China;

2. Faculty of Biotechnology and Pharmaceutical Engineering, Nanjing University of Technology, Nanjing 211816, China)

Abstract It was significant to find cheap and efficient adsorption materials to remove heavy metals from wastewater. In
this study, the isothermal adsorption efficiencies of Cu, Zn,and Pb by calcareous clay soil, calcareous sandy soil, and
alkaline bentonite were investigated through shake flask experiments. In addition, the removal efficiencies of Cu, Zn,and
Pb from sewage treatment plant wastewater were studied by the above three adsorption material in the subsequent
fixed bed adsorption process. Results showed that the isothermal adsorption characteristics of Cu, Zn, and Pb by
calcareous clay soil, calcareous sandy soil, and alkaline bentonite was obviously correlated with Freundlich equation.
The heavy metals adsorption forces of the calcareous clay soil, calcareous sandy soil,and alkaline bentonite were Zn>
Cu>Pb,Cu>Zn>Pb,and Cu=>Zn>>Pb, respectively,while the heavy metals adsorption capacity of the calcareous clay
soil, calcareous sandy soil,and alkaline bentonite were Cu>>Zn>>Pb,Pb>>Cu>Zn,and Cu>>Pb>Zn. Meanwhile, further
fixed bed adsorption experiments revealed that the removal efficiency of Cu,Zn,and Pb from wastewater by calcareous
clay soil adsorption were 79.9% ,97.7% ,and 73.4% ,and the removal efficiency of Cu,Zn,and Pb by the alkaline
bentonite adsorption were also reached to 70.3% ,90. 6% , and 90. 6% , respectively. The results obtained from this
study were helpful in choose of adsorbent to remove the heavy metals from wastewater.
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Table 1 Physicochemical properties of adsorption materials
- S/ BB/ R/ HHLE/ (g/kg) ki) % FHES R4 &/
Eanwrp . . .
pH (mg/kg) (mg/kg) (mg/kg) Organic Clay particle (emol/kg)
Tested materials
Total Cu Total Zn Total Pb matter (<€0.01 mm) CEC
AR L 8.61 13.31 79. 00 13.50 36. 4 62.7 41.23
Calcareous clay soil
AR PR3 1 8. 80 20. 63 123. 63 17.19 12.9 18.5 8. 89
Calcareous sandy soil
P M 3 - 8.12 13. 00 70.75 24, 94 26. 6 59.5 27.00

Alkaline bentonite
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Fig. 1 Cu,Zn and Pb adsorption isotherms in different adsorption materials
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Fig. 2 Logarithmic Freundlich isotherms fitting the sorption of Cu, Zn, and Pb by different adsorption materials
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Table 2 Removal quantities of heavy metals from sewage and heavy metals adsorption quantities

of different materials in soil column adsorption experiments

W B 5K IR LI LR/ Wb/
W% f A4 HER . e
it/ g Original sewage Purification liquid mg (mg/kg)
Adsorption . eavy . .
: Adsorption PR /mL JF W/ (mg/L) B/ mL Bt ¥ /(mg/L) Removing Adsorption
material ) metal ) )
material Volume Concentration Volume Concentration quantity quantity
ARMER L 30.0 Cu 200. 0 0. 20 160.5 0. 050 0.032 1. 066
Calcareous clay soil Zn  200.0 1.15 160. 5 0.033 0.225 7. 490
Pb 200. 0 0.25 160.5 0.083 0.037 1.223
T i i 1 5.0 Cu 200. 0 0. 20 143.1 0.083 0.028 5.625
Alkaline bentonite Zn 200.0 1.15 143.1 0.151 0.208  41.678
Pb 200. 0 0.25 143. 1 0.033 0. 045 9.056
AR+ 30.0 Cu 200. 0 0. 20 166. 6 0.167 0.012 0. 406
Calcareous sandy soil Zn  200.0 1.15 166. 6 0.767 0.102 3.407
Pb 200. 0 0.25 166. 6 0. 200 0.017 0.556
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