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Abstract: The mesoporous Zr-Ce-SBA-15 (ZCS) material with short mesochannels was synthesized through a hydrothermal route. A series
of Cu-Mn/ZCS catalyst samples with different Cu/Mn ratios and Cu-Mn contents were prepared by impregnation. The structure of the cata-
lyst samples was characterized by N, adsorption-desorption, transmission electron microscopy, scanning electron microscopy, X-ray diffrac-
tion, and X-ray photoelectron spectroscopy. The catalytic performance of the catalyst for toluene combustion was evaluated in a fixed-bed
microreactor. The results reveal that the Cu-Mn/ZCS catalyst has unique hexagonal platelet morphology and possesses highly ordered
two-dimensional hexagonal mesoporous structure with short channels (0.4-0.5 pm). The specific surface area, pore volume, and pore diame-
ter of the 20%Cu-Mn/ZCS are 296 m¥/g, 0.42 ¢cm’/g, and 6.4 nm, respectively. Compared with 20%Cu-Mn/SBA-15 with longer channel
length (1-2 pm), the temperature of 95% toluene conversion (7Tys) over 20%Cu-Mn/ZCS decreases from 284 to 270 °C, indicating that the
short channeled Cu-Mn/ZCS catalyst possesses higher catalytic activity than that over Cu-Mn/SBA-15.
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Fig. 1. Low-angle XRD patterns of the supports and different catalyst
samples. ZCS—Zr-Ce-SBA-15. The number after the sample name

refers to the calcination temperature (°C).
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Fig. 2. Wide-angle XRD patterns of different catalyst samples.
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Fig. 3. SEM images of ZCS (a), Cu-Mn/ZCS (b), SBA-15 (¢), and Cu-Mn/SBA-15 (d) and the corresponding EDS spectra of the Cu-Mn-based
catalysts.
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TEM images of the ZCS (a) and 20%(Cu-Mn)/ZCS-500 (b,c) samples.
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Fig. 5.

N, adsorption-desorption isotherms (a) and pore size distribution (b) of the support and different catalyst samples.
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600 °C I8}, Cu 2psp 1 Cu 2pip ZIAIAHZE 19.7 eV, 1M
500 °C W AHZE 20.1eV. X3 B &l T 47 R 1Y
Cu #Fp A Co™ AR/ Cu™*. hE 6(b) AT I, &
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ISR T Mn P Fh 0 2 I SE I B/

2R R R T Z M T4 R
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Table 1 Pore textural properties of the supports and different catalyst samples
Sample Surface area (m’/g) Pore volume (cm®/g) Pore diameter (I/nm) dyp/nm ao/nm
SBA-15 876 1.27 6.5 9.86 11.39
20%(Cu-Mn)/SBA-15 273 0.50 6.3 9.89 11.42
7CS 776 0.96 6.4 10.04 11.59
10%(Cu-Mn)/ZCS-500 375 0.59 6.4 9.86 11.39
20%(Cu-Mn)y/ZCS-500 296 0.42 6.4 9.83 11.35
25%(Cu-Mn)y/ZCS-500 257 0.40 6.4 9.86 11.39
20%(Cu-Mn)/ZCS-400 348 0.47 6.4 10.03 11.58
20%(Cu-Mn)/ZCS-600 289 0.43 6.4 9.43 10.89
a0 = 2d100/\/§.
(@) ®)
Mn/ZCS-500
Cw/ZCS-500

2 >

2 Cu-Mn/ZCS-500 E M

R L

= =

Cu-M/ZCS-600 Cu-Mn/ZCS-600
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Fig. 6. XPS spectra of different Cu-Mn/ZCS catalyst samples. (a) Cu 2p; (b) Mn 2p.
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Table 2 XPS results of the prepared catalyst samples
Binding energy (eV) Atomic composition (%)
Sample
Cu2ps Mn 2ps, Si2p Ols Cu Mn Si 0O

20%Cuw/ZCS-500 934.92 — 145.8 531.9 0.82 — 17.83 50.70
20%Mn/ZCS-500 — 644.34 145.9 533.8 — 1.92 16.86 46.87
20%(Cu-Mn)/ZCS-500 934.92 643.69 145.8 531.9 1.49 2.20 17.14 52.51
20%(Cu-Mn)/ZCS-600 935.93 643.59 145.8 533.9 0.99 1.67 22.39 53.57
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Fig. 7. Variation of toluene conversion with reaction temperature over different Cu-Mn-based catalyst samples. (a) Effect of Cu-Mn loading; (b)

Effect of Cu:Mn ratio; (¢) Effect of calcination temperature; (d) Effect of the supports and catalysts.
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