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Characterization details

In a typical H,-TPR experiment, 150 mg of the catalyst was purged at room temperature for 30
min and then preheated at 200 °C for 30 min under N, to remove the moisture in the sample. After
cooling the sample down to 60 °C, temperature programming was begun with a 10 °C /min heating
rate under 40 mL-min~! H; (5 vol%)/N, atmosphere.

Acid site type and amount on the surface of the catalysts were determined by pyridine-adsorbed
Fourier-transform infrared (py-FTIR) spectroscopy (Frontier™, PerkinElmer, Inc., USA). In a
typical process, sample was heated under 400 °C for 1 h under vacuum to remove adsorbed water.
After the sample cooled to room temperature, the IR spectrum was recorded as background. Pyridine
was then introduced and adsorbed on the sample under room temperature until equilibrium was
reached. The sample was then heated to 350 °C and kept for 1 h under vacuum. After the sample
cooled to room temperature, the IR spectrum was recorded as second spectra. Py-FTIR spectra were

obtained by subtracting the background spectra from the measured spectra.
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Figure S1. Pore size distributions (a) and N, adsorption—desorption isotherms (b) of Mn—Fe-



Table S1 chemical composition of untreated fly ash

Composition Si0, ALO; Fe,0O; CaO TiO, K,O MgO P05 NaO Others

Percentage (%) 53.80 36.71 3.28 191 131 1.15 087 042 033 0.48
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