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                    Abstract
Biochar is an effective absorbent for remediating heavy metal contaminated soil, but functional optimization is still needed to improve its performance in field application. Here, we characterized the physical structures and surface chemical properties of raw wood biochar and palm biochar (WB and PB) and the corresponding sulfhydryl-modified biochar (SWB and SPB). Their adsorption capacity for Pb was evaluated by combining thermodynamic and kinetic adsorption at 0.01 mol/L KCl and corresponding model simulation. The results demonstrated successful grafting of sulfhydryl groups onto the biochar, which dramatically reduced the specific surface area (SSA) and pore volume of biochar. The pKa in the surface complexation model (SCM) indicated similar proton affinity between sulfhydryl groups and original functional groups on the biochar. SCM could satisfactorily fit the Pb adsorption behaviors, and model analysis revealed that Pb tended to be adsorbed on low-proton affinity sites at low pH, but high-proton affinity sites became dominant in Pb adsorption with increasing pH and adsorbed almost all Pb ions at pH > 7.0. Besides, the Pb adsorption density of SWB and SPB was improved by 8.86 and 3.64 folds relative to that of WB and PB, respectively. Over 90% of initially added Pb ions were removed in 1440 and 720 min by raw and sulfhydryl-modified biochar, respectively, indicating that sulfhydryl modification accelerated the Pb adsorption of biochar. These results suggest that site density, SSA and pore structure of biochar play crucial roles in heavy metal adsorption, and sulfhydryl modification may improve the performance of biochar in remediating heavy metal contaminated soil.
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