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Preparation of Cr-Mn Mixed Oxide by Coprecipitation and Its Performance
for Low-Temperature Selective Catalytic Reduction of NO,
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Abstract: A series of Cr-Mn mixed-oxide catalysts comprising a novel CrMn, 504 crystal phase were prepared by the coprecipitation method
and applied to low-temperature selective catalytic reduction (SCR) of NO, with NHj in the presence of O,. The experimental results showed
that the NO, conversion increased with the increase of Cr content and peaked at the Cr(0.4)-MnO, catalyst with the molar ratio of
Cr/(Mn+Cr) = 0.4, which yielded nearly 90% NO, conversion at 140 °C with a high space velocity of 30 000 h™’. The characterization of N,
adsorption, X-ray diffraction, and X-ray photoelectron spectroscopy indicated that the addition of Cr generated the novel CrMn, 504 crystal
phase and adjusted the surface electronic properties, leading to the enrichment of higher oxidation states Mn*" and Mn®" on the surface. This
promotes the oxidation of NO and is helpful for the adsorption of NHj, so that the catalyst exhibits higher low-temperature SCR activity.
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Fig. 1. The catalytic activity of CrO,, MnO,, and Cr(0.5)-MnO,
(Cr/(Cr+Mn) molar ratio = 0.5) catalysts. Reaction conditions: 0.1%
NO, 0.1% NH;, 3% O,, N, balance, GHSV =30 000 h™".
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Fig. 2. XRD patterns of CrO,, MnO,, and Cr(0.5)-MnO, samples.

40.6°, 58.7°), MnO, (ICDD PDF #73-1539 260 = 21.8°,
35.1°, 36.8°) & Mn;0, (ICDD PDF #80-0382 20 =
32.4°,36.1°, 59.9°). fHX} T Cr(0.5)-MnO, & & %1
Wy, WA I RS AL Y I AT S e, JL B
CrMn, 50, (ICDD PDF #71-0982 20 = 35.1°, 61.9°,
29.8°) LA M Min; O W AH 4L B, Hirh CrMing 504 00 32 %2
WIAH. DRI, ) R0 vE 45 1% R A A, R RE
AR RS CrMn sO WAH I &2 & S8 W, HIE R
Frig VL0
22 CreErEasitmiEdtErrim

H AT A A Cr/(Mn+Cr) 7R LI 2R 514 A 77 1
HEATE VE Q1 3 o, BEAE AL R Cr 2 2 38,

100 £
90 £
—~ 80F
S
g 0F
& 60 b —*— Cr(0.1)-MnO,
gt —e— Cr(0.2)-MnO,
S 50F —t— Cr(0.3)-MnO,
S —=— Cr(0.4)-MnO,
40 F —<— Cr(0.5)-MnO,
30k —o— Cr(0.6)-MnO,
20 E | 1 | 1 | 1 | L |
100 120 140 160 180
Temperature (°C)
3 Cr&E% Cr-MnO, EAR L ELERENTMm

Fig. 3. The catalytic activity of Cr-MnO, with different Cr contents.
Reaction conditions: 0.1% NO, 0.1% NH;, 3% O,, N, balance, GHSV
=30 000 h™'. The number after Cr in the sample means Cr/(Mn+Cr)
molar ratio.
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Fig. 4. XRD patterns of Cr-MnO, with different Cr molar ratios.
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Table 1 Pore structure properties of different catalyst samples

Pore volume Average pore

Sample Awer/(n'/g) (cm’/g) diameter (nm)
Cr(0.1)-MnO, 8.5 0.075 49.5
Cr(0.2)-MnO, 13.9 0.104 342
Cr(0.3)-MnO, 16.4 0.111 28.8
Cr(0.4)-MnO, 33.6 0.197 20.9
Cr(0.5)-MnO, 35.6 0.176 21.8
Cr(0.6)-MnO, 37.3 0.193 19.3
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Table 2 Atom percentage of different catalyst samples (determined

by XPS)
Atom concentration (%)
Sample Cr/(Cr+Mn)
Cr Mn
Cr(0.1)-MnOy 3.6 21.0 0.12
Cr(0.2)-MnO, 3.7 13.6 0.19
Cr(0.3)-MnO, 4.8 12.4 0.30
Cr(0.4)-MnO, 11.1 19.2 0.36
Cr(0.5)-MnO, 13.2 16.3 0.46
Cr(0.6)-MnO, 19.6 12.2 0.60
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Fig. 5. XPS spectra of the Cr-MnO, with different Cr contents.
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Table 3 Binding energy of the elements and the percent of differential valence states in the Cr(a)-MnO, samples

Ey, of Cr2p (eV) Ey, of Mn 2p (eV)
Sample + 3+ 5+ 2+ 3+ 4+
cr Cr Cr Mn Mn Mn
Cr(0.1)-MnO, 575.6 (20.9%) 576.6 (29.9%) 578.2 (49.1%) 640.7 (30.1%) 642.0 (44.8%) 644.4 (25.1%)
Cr(0.2)-MnO, 575.6 (19.9%) 576.6 (27.0%) 578.1 (53.2%) 640.6 (25.2%) 642.0 (48.1%) 644.7 (26.7%)
Cr(0.3)-MnO, 575.6 (20.9%) 576.6 (32.6%) 578.0 (46.5%) 640.3 (18.7%) 641.9 (52.1%) 644.6 (29.1%)

Cr(0.4)-MnO,
Cr(0.5)-MnO,
Cr(0.6)-MnO,

575.6 (20.1%)
575.6 (20.3%)
575.6 (18.4%)

576.6 (33.2%)
576.6 (35.9%)
576.6 (37.6%)

577.8 (46.8%)
577.8 (43.8%)
578.1 (44.0%)

640.3 (14.1%)
640.6 (24.1%)
640.3 (16.9%)

641.8 (52.8%)
642.0 (46.5%)
641.8 (49.6%)

644.3 (33.1%)
644.7 (29.4%)
644.4 (33.5%)

The data in parentheses are the surface concentration of different Mn and Cr valence states.
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Table 4 The average valence and Mn™" enrichment on the surface of
Cr-MnO, with different Cr contents

Average valence (Mn*+Mn*)/  Mn*/

Sample -
Cr Mn (CrMn, 5) Mn Mn’
Cr(0.1)-MnO, 3.770  2.950 8.195 69.9% 0.56
Cr(0.2)-MnO, 3.868 3.014 8.389 74.8% 0.56
Cr(0.3)-MnO, 3.721  3.104 8.377 81.3% 0.56
Cr(0.4)-MnO, 3.738  3.189 8.522 85.8% 0.63
Cr(0.5)-MnO, 3.673  3.054 8.254 75.9% 0.63
Cr(0.6)-MnO, 3.696  3.165 8.444 83.1% 0.68
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