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Figure 1. TEM images of hydrochar alone (a), with phosphate (b), and with montmorillonite (c) at a pH of 6.0.
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Figure 2. SEM images of hydrochar alone (a, b), with montmorillonite (c, d), and with a combination of montmorillonite and phosphate (e, f) and the corresponding EDX spectra (g, h) at a pH of 6.0 (a, c, e, g) and 9.0 (b, d, f, h).








Figure 3. Capillary pressure curves (a,b) and pore size distribution determined by means of mercury intrusion porosimetry (MIP) (c,d) for the hydrochar samples prepared at pH 6.0 (a,c) and 9.0 (b,d).





Figure 4. FTIR spectra of the synthesized hydrochar in solutions with different pH values.























  
Figure 5. Zeta potentials of hydrochar with and without montmorillonite (M) and/or phosphate (P), quartz sand and aluminum oxide-coated sand in a 10 mM NaCl solution as a function of the pH (a) and the concentrations of NaCl solution at pH 6.0 (b) and 9.0 (c).
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Figure 6. Hydrodynamic radius of hydrochar with and without montmorillonite (M) in the absence or presence of phosphate (P) under different NaCl concentrations at pH 6.0 (a) and 9.0 (b).






















Figure 7. Observed (dots) and fitted (lines) breakthrough curves (BTCs) of 0.2 g L-1 hydrochar under different NaCl concentrations in uncoated sand (a, b) and aluminum oxide-coated sand (c, d) at pH 6.0 (a, c) and 9.0 (b, d), respectively. The two-site kinetic attachment model (TSKAM) was employed to simulate the BTCs of hydrochar.







 
 
Figure 8. Observed (dots) and fitted (lines) breakthrough curves (BTCs) of 0.2 g L-1 hydrochar with montmorillonite under different NaCl concentrations in uncoated sand (a, b) and aluminum oxide-coated sand (c, d) at pH 6.0 (a, c) and 9.0 (b, d), respectively. The two-site kinetic attachment model (TSKAM) was employed to simulate the BTCs of hydrochar.













 

Figure 9. Observed (dots) and fitted (lines) breakthrough curves (BTCs) of 0.2 g L-1 hydrochar with montmorillonite under different NaCl concentrations in uncoated sand (a, b) and aluminum oxide-coated sand (c, d) in the presence of phosphate at pH 6.0 (a, c) and 9.0 (b, d), respectively. The two-site kinetic attachment model (TSKAM) was employed to simulate the BTCs of hydrochar.
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