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Preparation of MnO,/MWCNTSs Catalysts by a Redox Method and Their
Activity in Low-temperature SCR
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Abstract: Pristine multiwalled carbon nanotubes (MWCNTs) were modified by sodium dodecyl sulfate (SDS).
Afterwards, a series of MnO,/MWCNTs were prepared via a redox method and used in selective catalytic reduction
(SCR) of NO, at 80-180°C. Structural properties and catalytic performance were investigated by specific surface
area measurements (BET), X-ray diffraction (XRD), filed emission scanning electron microscope (FESEM), trans-
mission electron microscope (TEM), X-ray photoelectron spectroscope (XPS), and H, temperature-programmed re-
duction (H,-TPR). The characterization results indicate that the nanoflaky MnO, highly disperse on MWCNTs. The
results show that the low-temperature SCR activities of MnO,/MWCNTs catalysts are 85%—100% at 140-180°C at a
weight hourly space velocity of 210 L/(g,h), higher than that of catalyst fabricated via the wet impregnation method.
The 10% MnO,/MWCNTs catalyst displays first-rate SCR activity, which is attributed to its low crystallinity, high
concentrations of Mn*" and oxygen absorbtion onto the catalyst surface, as well as excellent reducibility. Addition-
ally, compared to the MnO,/MWCNTs catalyst, the 10% MnO,/MWCNTs catalyst exhibits higher resistance to H,O
and SO,.
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Fig. 1 Schematic illustration for preparing MnO,/MWCNTs catalysts
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Fig.2 Scheme of experiment apparatus
1. Air source; 2. Reducing valve; 3. Mass flowmeter; 4. Gas mixer;
5. Preheater; 6. Heater; 7. Sample; 8. Flue gas analyzer
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Fig. 3 SCR activity of MnO,/MWCNTs catalysts and MnO,/
MWCNTs catalyst

Reaction conditions: [NO]=[NH;]=400x10, [0,]=5%, N, as balance
gas, WHSV =210 L/(gch), 200 mg sample
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Fig. 4 XRD patterns of MnO,/MWCNTs catalysts and MnO,/
MWCNTs catalyst

(a) Pristine MWCNTs; (b) 6% MnO,/MWCNTSs; (¢) 8% MnO,/MWCNTs;
(d) 10% MnO,/MWCNTs; (e) 12% MnO/MWCNTS; (f) MnO,/MWCNTs
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Table 1 BET surface area, pore volumes and average pore size of pristine MWCNTSs, acid-treated
MWCNTs and different catalyst samples

Sample Sper/(m*g™) Pore volume/(cm*g™) Average pore size/nm
Pristine MWCNTs 72 0.15 8.1
Acid-treated MWCNTs 91 0.18 7.7
MnO,/MWCNTs 69 0.15 9.0
6%MnO,/MWCNTs 99 0.28 11.2
8%MnO,/MWCNTs 100 0.29 11.6
10% MnO,/MWCNTs 94 0.29 12.5
12% MnO,/MWCNTs 111 0.31 11.3
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Fig. 5 FESEM images of (a) pristine MWCNTs, (b) MnO,/MWCNTs catalyst and (c, d) 10% MnO,/MWCNTs catalyst
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Fig. 6 TEM images of (a) pristine MWCNTs, (b) MnO,/MWCNTs catalyst and (c) 10% MnO,/MWCNTs catalyst and HRTEM
image of 10% MnO,/MWCNTs catalyst, as well as (¢) EDX pattern of 10% MnO,/MWCNTs catalyst from the annular region in (c)
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Fig. 7 Mn2p XPS spectra of 10% MnO,/MWCNTs catalyst (a) and Ols (b) spectra of different catalyst samples
(a) Mn2p; (b) Ols, (A) 10% MnO,/MWCNTS, (B) MnO,/MWCNTSs
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Table 2 Relative content of O for 10% MnO,/MWCNTSs
and MnO,/MWCNTSs catalyst

Sample 0Ogs/% 01/%
10% MnO,/MWCNTs 66.7 333
MnO,/MWCNTs 61.1 38.9
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Fig. 8 H, temperature-programmed reduction (H,-TPR) profiles
for 10% MnO,/MWCNTs (a) and MnO,/MWCNTs (b) catalyst
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lysts at 180°C

Reaction conditions: [NO]=[NH;]=400x10°, [0,]=5%, [H,0]=5%,
[SO,]=100x10, N, as balance gas, WHSV=210 L/(g..ch), 200 mg sample
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