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S.1 Materials and methods
Instrumental characterization of carbonous material
Various characterization techniques were employed to examine the properties of the materials. Fourier Transform Infrared Spectroscopy (FTIR) was conducted using a Cary 630 FTIR (Agilent Technologies, USA) to identify the chemical functional groups present on the surface of the materials. The scanning range for the samples was 4000-600 cm-1. The superficial area and pore structure were analyzed by performing N2 adsorption-desorption isotherms at 77 K using a Nova 1000e analyzer (Quantachrome Instruments, USA). Prior to the adsorption measurements, the samples were subjected to degassing at 180 °C for 16 hours. The morphological characteristics of the materials were examined using scanning electron microscopy (SEM) SU-3500 (Hitachi, Japan) at an acceleration voltage of 10 kV, and their elemental composition was determined using energy dispersive X-ray spectroscopy (EDS). The crystal structure of the synthesized iron oxide/activated hydrochar composites was investigated through X-ray diffraction (XRD) analysis. XRD measurements were performed using a SmartLab X-ray Diffractometer (Rigaku, Japan) with a Cu tube (λ = 1.54184 Å) and a sampling increment of 0.01° within the range of 5 to 55°. The chemical composition of the materials (CHNS) was determined using an elemental analyzer EA3000 (Eurovector, Italy), while the inorganic composition of the materials was analyzed by total reflection X-ray fluorescence (TXRF) in a Bruker S4 T-Star (Bruker, Germany) spectrometer. Analysis was carried out on 30 mm quartz discs with Mo-K excitation of 17.5 keV. To determine the ash content Thermogravimetric analysis (TGA) of materials was performed in a PerkinElmer STAR 6000 thermogravimetric balance under N2 atmosphere (50 mL/min) from 30 to 900 °C and a heating rate of 10 °C/min. Finally, the isoelectric point (pHIEP) of the samples was determined using a Zetasizer Nano ZS equipment (Malvern Instruments, Ltd.). For this measurement, suspensions containing 0.025 g (Ø = 10-20 µm) of solid in 20 mL of deionized water were used.
2-chlorophenol (2-CP) quantification
The aqueous concentrations of 2-CP underwent analysis using high-performance liquid chromatography (HPLC) instrument (Jasco, Japan) equipped with an analytical C18 reversed-phase (RP) column, Inertsil ODS-4, 5 µm, 250 x 4.6 mm (Gl Science, Japan). The mobile phase consisted in an isocratic elution using a mixture of acetonitrile and 1% phosphoric acid in a ratio of 1:1 (v/v), flowing at a rate of 1 mL/min, and an automatic injection of 20 µL, while the loop volume was 100 µL. During the analysis, the column temperature was maintained at 35 °C, while the analytical wavelength was set at 274 nm. For quantification, an external standard calibration plot was constructed within the range of experimental concentrations employed.
	
	
	



