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Abstract: Nitrogen oxides (NO,), as main atmospheric pollutants in China, are usually removed through ammonia
selective catalytic reduction (NH;-SCR) technology to achieve ultra-low emissions. Low-temperature NH;-SCR has
gained much attention due to its low energy consumption and cost. However, MnO,-based catalysts generally suffer

from insufficient stability and are susceptible to SO, and H,O poisoning at 120 ‘C. To improve the denitrification
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performance of MnO,-based catalysts under low temperature and lean flue gas conditions, CeO,/MnO, catalysts were

prepared by precipitation-calcination decomposition method in this study. Influence of CeO, modification on structure,

surface properties and low-temperature NH;-SCR performance of catalyst was systematically studied. Combining first

principles calculations, influence of CeO, modification on catalytic mechanism for reducing activation energy of the

reaction was revealed at microscopic level. The results showed that addition of CeO, refined micro particle size of

catalyst, reduced proportion of main crystalline phase MnO,, significantly increased concentration of weak acid sites

in the catalyst, augmented proportion of Mn*"/Mn and O,/O, and improved surface acidity and redox performance of

the catalyst. The prepared Mn10Ce3 and Mn10Ce5 catalysts achieved a NO conversion rate of over 98%, maintaining

stability even at 120 ‘C. Addition of CeO, dispersed the aggregated MnO, and reduced concentration of Mn*"

distribution, which to some extent hindered excessive oxidation of NH; and NO by high valence Mn*, thereby

suppressing N,O formation and improving N, selectivity of the catalyst. First principles calculations further confirmed

that CeO, modification reduced the activation energy of various intermediate states in reaction pathway, lowering the

reaction temperature and improving the low-temperature NH;-SCR efficiency.

Key words: low-temperature ammonia selective catalytic reduction; CeO,/MnO; catalyst; reaction mechanism
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Fig. 1 XRD patterns of the prepared catalysts
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Fig. 3 SEM images of (a) Mn10, (b) Mn10Cel, (c) Mn10Ce3,
and (d) Mn10CeS5 catalysts
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xS1 EAFERIERER, FLEMEYFLE
Table S1
pore size of the prepared catalysts

Specific surface area, pore volume and average

Pore volume/ Average pore

Catalyst  Sgpr/(m*g™) (em*g ™) size/nm
Mnl10 34.7 0.078 7.9
Mn10Cel 354 0.067 6.8
Mn10Ce3 37.3 0.074 7.2
Mn10Ce5 38.3 0.079 7.5

= S2  EFIEME NH; 71 NO IR & (umol-g ™)

Table S2  Adsorption capacity for NH; and NO of the
prepared catalysts (umol'g_')
NH;-TPD NO-TPD
Catalyst
Peak I Peak II Total Peakl Peak I Total
Mnl10 64.4 353 99.7 1.9 0.4 2.3

Mnl10Cel 66.1 17.9 84.0 1.9 1.0 2.9
Mnl0Ce3 72.6 450 117.6 23 1.9 4.2
Mn10Ce5 100.6 30.5 131.1 2.1 1.0 3.1

xS EAFIERRATESN (%, BFHE)

Table S3  Surface elements analysis of the prepared
catalysts (%, atom fraction)

O Mn*/Mn Cée/Ce 0,0

Catalyst Mn  Ce

Mn10 364 - 63.6 19.4 - 26.4
Mn10Cel 30.1 4.4 655 21.3 5.7 29.0
Mnl10Ce3 219 11.9 66.2 22.4 7.9 35.9
Mnl10Ce5 19.6 15.6 64.8 23.2 6.4 293

& S4  EAFIHES H-TPR URH H, HEERXE
Table S4 H, relative consumption of the prepared
catalysts by H,-TPR test

Catalyst Peak 1 Peak II Total
Mn10 33 16.4 19.7
Mn10Cel 3.2 16.9 20.1
Mn10Ce3 4.4 15.2 19.6
Mn10Ce5 4.1 14.2 18.3

R S5 AFHIE B E LT NH;-SCR 188 5 STk B HE RS tE
Table S5 Comparison of NH3-SCR performance of the
samples prepared in this study with existing literature

NO conversion . NO
Catalyst @120 C/% o' inlet/ppm
Mn10Ce3 99.1 110 100
Mn10Ce5 98.2 110 100
MnO,—CeQ,5 - 120 400
NbmCeO, - 200 1000
Mn-Ce/Al,045¢ ~98 100 500
MnO,-Ce0,-TiO,” ~28 220 3000
CeOy/Mn-Fe-05% ~98 - 500
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