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Deactivation Mechanism of CeO,-Based Mixed Oxide Catalysts
Supported on SiO,
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(College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014, P. R. China)

Abstract: Here we reported the effect of the Cu-Mn-Ce-SiO, (CMC-SiO3) interaction on the physical
and chemical aspects of the catalytic combustion of toluene by adjusting the loading amount of the CMC
mixed oxide on SiO,. Notably, the CMC/KIT-6 catalyst with low CMC loading performed poorly with an
obvious deactivation, owing to the inhibition of the metal oxides active sites, while the activity recovered
after washing away some SiO,. The catalysts were characterized by X-ray diffraction (XRD), H»
temperature-programmed reduction (H2-TPR), N2 adsorption, and high-resolution transmission electron
microscopy (HRTEM). Although there is no change in crystal structure after loading on SiO,, active
oxygen species immigrate from lattice to surface for SiO» surface rich in hydroxyl groups and having high
dispersion of CMC, leading to deactivation of the CMC catalyst. However, it is worth mentioning that the
lattice oxygen played a key role in catalytic combustion. The activity of the CMC catalyst recovered when
the quantity of lattice oxygen increased upon removing surface —OH groups by calcination or removing
some SiO; by alkali washing.
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Table 1 Crystal structure of CMC/65%KIT-6 catalysts.

Sample 26/(°) Lattice constant/nm Crystallite size/nm
CMC/65%K-1  28.57 0.5408 9.7
CMC/65%K-3  28.63 0.5395 9.7
CMC/65%K-5  28.57 0.5408 9.7
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Fig.4 N, adsorption-desorption isotherm and pore size distribution for CMC/65%KIT-6 catalysts after
NaOH washing and KIT-6.

(a) N adsorption-desorption isotherm; (b) pore size distribution.
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Table 2 Surface area and pore characterization of CMC/65%KIT-6 catalysts after NaOH washing.

Sample Surface area/(m*-g ") Pore volume/(cm’g ) Average pore diameter/nm
CMC/65%K-1 119 0.209 7.8
CMC/65%K-3 110 0.196 7.5
CMC/65%K-5 106 0.216 7.3

KIT-6 863 1.058 4.9
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Fig.5 HRTEM images of CMC/65%XKIT-6 catalysts with different treating times.
(a, d) CMC/65%K-1; (b, ) CMC/65%K-3; (d, f) CMC/65%K-5.
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Fig.7 Activity curves of toluene combustion over
CMC/80%(S-T) catalysts.
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Table 3 H,-TPR of catalysts of different carrier weight.

Temperature of peak and H, consumption(H,-TPR)

Sample Peak 1 Peak 2 Total H, consumption/(mmol-g ")
T/°C n(Hz)/(rnrnol-gfl) T/°C n(Hy)/(mmol-g ")
CMC/79% KIT-6 243 3.27 312 0.29 3.56
CMC/65%KIT-6 236 1.34 282 1.07 2.40
CMC/43% KIT-6 252 1.60 299 1.35 2.94
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Table 4 Specific surface area and pore characterization of silica and CMC/80%Si0O, catalysts.

Sample Surface area/(m*-g ") Pore volume/(cm’®-g ") Average pore diameter/nm
Silica-500 363 0.917 10.2
Silica-650 340 0.858 10.0
Silica-800 316 0.792 9.8
CMC/80%(S-500) 110 0.074 2.7
CMC/80%(S-650) 45 0.029 2.6
CMC/80%(S-800) 7 0.032 18.5
RS ARELFIE O 1s &5 6

Table 5 O 1s binding energies of different catalysts.

Catalyst En(Ous)/eV En(On)/eV 1(Ouas)(7(Oua) + 1(Ora0)) (O)/((Oua) + 7(Ora))
CMC/80%(S-500) 532.7 529.0 0.88 0.12
CMC/80%(S-800) 5327 5293 0.78 022
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Fig.8 H,-TPR profiles
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