Engineering biochar through surface oxygenation: a green approach for sustainable environmental applications
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Supplementary Materials

[image: A diagram of different types of food

AI-generated content may be incorrect.]Figure SI-1
Schematic diagram illustrates the biomass distribution and processing of oil palm residues.

Description:
This schematic diagram presents an overview of biomass distribution in the oil palm industry, highlighting the proportion of various residues and oil products derived from oil palm trees. The diagram shows the harvesting and processing pathways of different parts of the oil palm, including fronds, trunks, fresh fruit bunches, and kernels. It categorizes residues into plantation residues (green), mill residues (red), and oil products (yellow). Key by-products include palm kernel shells, mesocarp fiber, empty fruit bunches, palm kernel expeller, and palm oil mill effluent (POME), while crude palm oil and crude palm kernel oil represent the extracted oil fractions. 
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AI-generated content may be incorrect.]Figure SI-2
Annual number of publications on biochar modification indexed in the Web of Science Core Collection from 2010 to 2025.
 
Description:
The dataset shows a dramatic rise in research output, increasing from only 2 publications in 2010 to 729 in 2025. This rapid growth reflects the expanding global interest in engineered biochar and its tailored applications for environmental sustainability.
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[bookmark: _Hlk216126893]Figure SI-3. 
Nitrogen adsorption–desorption isotherms of (a) pristine and H₂O₂-modified PKS biochar (OxyAChar) prepared using (b) 1%, (c) 3%, (d) 10%, (e) 20%, and (f) 30% H₂O₂ solutions, showing variations in surface area and pore characteristics.
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[bookmark: _Hlk216126900]Figure SI-4. 
Pore width distribution profiles of (a) pristine and H₂O₂-modified PKS biochar (OxyAChar) prepared using (b) 1%, (c) 3%, (d) 10%, (e) 20%, and (f) 30% H₂O₂ solutions, determined using the Horváth–Kawazoe method.
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