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Eco-friendly biochar (BC)-based materials presented as efficient sustainable materials for water treatment. BC-based HPCs were developed from rice husk BC by a hard-templating method using a nature
SiO, template and activation process BC-based HPC demonstrated a very high adsorption capacity (265 mg g-') and adsorption rate (0.90 g mg=" min-') for copper ions. The large SSA ensures a high
adsorption capacity, while the mesoporosity are preferable for faster ion removal during the adsorption process. The BC-based HPC electrodes exhibited excellent electrochemical properties with a high
specific capacitance as well as good reversibility for capacitive charge storage. Significantly, the large ion-accessible surface area, the creation of hierarchical porosity, and the presence of mesoporosity
are critical for the high-performance electrosorption of ions. In addition, an active MnO,/BC composite (MBC) was successfully synthesized to enhance the As(lIl) removal. As a result, MBC showed a high
adsorption capacity for As(lll), which was tenfold higher than that of BC. This improvement can be ascribed to the redox transformation of As(lll) via MnO,, resulting in the more effective adsorption of
As(V) species. Importantly, a powerful transformation capability of As(lll) via MBC was presented; namely, only 5.9% As(lll) remained in solution under neutral conditions. Most interestingly, the application
of MBC in the treatment of simulated groundwater demonstrated an efficient arsenic removal of 94.6% and a concentration of arsenic as low as the 10 uyg L-' WHO guideline.
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U The large SSA ensures a high adsorption capacity of Cu(ll), while the mesopores are preferable for faster Cu(ll)
removal during the adsorption process.

O The large SSA, unique hierarchical porosity, and high mesoporosity of the HPC electrode are critical for the high-
performance electrosorption of ions (i.e., achieving a high electrosorption capacity, fast deionization rate, and
energy-efficient desalination).

Q As(lll) can be oxidized to As(V) and subsequently removed by MnO,/BC composite (MBC). pH has a strong
effect on arsenic removal due to electrostatic repulsion. Redox transformation plays a crucial role in enhancing
the removal of As(lll).

O Active MnO,/BC effective oxidized As(lll) to As(V) and prior removed As. Meanwhile, the electrosorption process
by capacitive deionization (CDI) was subsequently applied for post-treatment of arsenic as well as other ions in
groundwater.
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