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1. Catalyst characterizations

The microstructure of the catalysts was observed by JEOL JEM-2010 transmission 

electron microscope. Rigaku D/MAX-RB X-ray diffractometer (XRD) was used to 

scan the catalysts in the range of 10-80o. The catalysts were scanned in the range of 

100-2000 cm-1 by Lab Ram HR Evolution confocal microscope. The surface area and 

pore structure of the catalyst were detected and analyzed by N2 adsorption-desorption 

experiment using Micromeritics ASAP 2010 instrument. The surface acidity, oxidation 

reduction and sulfates desorption behavior of the catalysts was measured by Tian-jinXQ 

TP-5080D auto-adsorption apparatus equipped with a thermal conductivity detector 

(TCD). The test procedure of H2-TPR was as follows: Firstly, 50 mg catalyst was 

pretreated in 30 mL/min nitrogen atmosphere at 300 oC for 1 h, then N2 as equilibrium 

gas and 5 vol% H2 as reduction gas was heated from 30 oC to 900 oC for desorption 

experiment. The test procedure of NH3-TPD was as follows: the pretreatment process 

was consistent with H2-TPR, then the catalyst was exposed to the atmosphere with N2 

as equilibrium gas and NH3 content of 5 vol% at 100 oC for adsorption for 30 min. The 

temperature was raised to 800 oC in N2 atmosphere for desorption experiment after the 

NH3 valve was closed. The test procedure of He-TPD was as follows: 50 mg catalyst 

was pretreated in 30 mL/min helium atmosphere at 100 oC for 1 h, then the catalyst was 

exposed to the He atmosphere and elevated the temperature to 800 oC to observe the 

desorption behavior of sulfates. The NETZSCH STA 449F5 tester was used to increase 

the temperature from room temperature to 800 oC for TG/DSC testing of the catalyst. 



The elemental compositions and valence states on the catalyst surface were 

qualitatively and quantitatively analyzed by XPS photoelectron spectrometer of VG 

ESCALAB 210 (Mg Kα radiation was 1253.6 eV). The catalyst was tested at 500-4000 

cm-1 using Nexus 870 scanning Fourier transform infrared spectroscopy. To explore the 

reaction mechanism of the catalyst, in-situ DRIFTs experiment was performed on a 

Fourier Transform infrared (FTIR) spectrometer (VERTEX 70) equipped with a 

Harrick DRIFTs cell and a liquid nitrogen cooled mercury cadmium telluride (MCT) 

detector. Firstly, the catalyst was pretreated in the N2 atmosphere (30 mL/min) for 30 

min at 300 oC. The background spectrum was collected in the flow of N2 after 

pretreatment and was automatically subtracted from the sample spectrum for each test. 

Then the catalyst was exposed into the NH3 (1 vol%) or NO + O2 (1 vol%) atmosphere 

for 30min at 50 oC. The desorption experiment was carried out in the N2 atmosphere 

with the temperature gradually increased from 50 oC to 300 oC. For the transient 

reaction of NO + O2 and pre-adsorption of NH3, the catalyst was first exposed to 1 vol% 

NH3 gas at 200 oC for 30 min, then 1 vol% NO + O2 was introduced for reaction. For 

the transient reaction of NH3 and NO + O2 pre-adsorption, the rest of the operation was 

the same as the previous steps except that the gas addition sequence was reversed.
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Table S1. ICP results of catalysts.

Samples S content (wt%)

CeMnTiOx-ABS 0.80

CeMnTiOx-R 0.76

CeMnTiOx-F 0.73

Ce-Mn-TNTs-ABS 1.0

Ce-Mn-TNTs-R 0.91

Ce-Mn-TNTs-F 0.52


