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Abstract: Weathered coal-immobilized microbial materials can better passivate heavy metals than free microorganisms.
This article aims to explore the lead adsorption performance and mechanism by weathered coal-immobilized microbial materials,
with a view to providing theoretical guidance and basis for their application in contaminated sites. In this study, the immobilized
microbial materials by weathered coal were taken as the objects, the effects of the amount of adsorbent, pH, adsorption time,
and solution concentration on the adsorption performance of lead were systematically studied through batch adsorption
experiments. The adsorption process of lead was described by fitting kinetic and thermodynamic models, and the adsorption
mechanism was investigated by combining scanning electron microscopy and infrared spectroscopy. The results showed that the
optimal adsorption performance was achieved in a lead solution of 200 mg/L. with a dosage of 0.4 g/L. of weathered coal-
immobilized microbial materials, pH=4, and an adsorption time of more than 12 h. The maximum adsorption amount reached
338 mg/g. The pseudo second order kinetic model and Langmuir model showed that the adsorption process was dominated by
chemical adsorption, and lead ions were arranged in a single molecular layer. Thermodynamic analysis showed that the reaction
was a spontaneous endothermic reaction, and temperature rise promoted the occurrence of the reaction. The ion exchange action
of elements such as calcium and sodium, as well as the complexation and precipitation action of active groups such as hydroxyl,
carboxyl, carbonyl, and amide groups, promoted the lead adsorption of the materials. The maximum adsorption performance of
the materials could be achieved when the lead concentration was 200 mg/L, the dosage of weathered coal-immobilized microbial
materials was 0.4 g/1., pH=4, and the adsorption time was more than 12 h. The main adsorption mechanism was the ion

exchange action between the elements such as calcium and sodium on the surface of the materials and lead, and the complexation
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and precipitation action between hydroxyl, carboxyl, carbonyl, and amide groups and lead.

Key words: lead pollution remediation; immobilized microbial materials; adsorption characteristics; kinetic models; thermo-

dynamic models; adsorption mechanism
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Fig.1 Effect of adsorption conditions on unit adsorption capacity and removal rate of materials
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Tab.1 Kinetic parameters of lead adsorption on materials
BE P — G sh 1 2# 88 Pseudo—first order model L9 8 f1% 8 Pseudo—second order model
Sample K,(1/h) q./(mg/g) R’ Ky(1/h) q./(mg/g) R’
JK-BW 1.816 303.97 0.939 9.628 326.4 0.999
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Tab.2 Parameters of particle diffusion model of
lead adsorption on materials

TR PN T IO R

i Weber-Morris intraparticle diffusion model
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K,/(mg/(gh””)  C/(mg/g) R?
94.07 139.01 0.99
11 5.38 296.78 0.91
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Fig.3 Isothermal adsorption model and adsorption thermodynamics analysis of lead on materials
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Tab.3 Isothermal adsorption model parameters of lead adsorption on materials

e Tempera- Langmuir model Freundlich model R
Sample ture/K qn/ (mg/g) K, /(L/mg) R/ K/ (mg'"™.L"/g) n R, -
288 303.5 0.057 0.997 206.5 17.68 0.974 0<<R, <1
JK-BW 298 319.7 0.043 0.998 195.1 13.81 0.975 0<R, <1
308 338.9 0.040 0.997 197.3 12.61 0.987 0<R, <1
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Tab.4 Thermodynamic parameters of lead
adsorption on materials
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Sample  Temperature (KJ/mol)  (KJ/mol) (KJ/(mol-K))
JK-BW 288 -26.164
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