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Performance of Mn Doped Ce,;Zr,;0, Catalysts for Simultaneous Removal of PM and NO,
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Abstract: A series of x%Mn/Cey:Zry30, (x=0, 5, 10, 15, 30, 50) metal oxide catalysts were prepared by complexing
combustion method with citric acid. The catalysts have been investigated to remove of carbon particulate matter (PM)
and nitrogen oxides (NO,) emitted from diesel engines. The samples were characterized by XRD, low temperature
adsorption-desorption, H,-TPR, O-TPD and in situ Diffuse Reflectance IR Fourier-Transform spectroscopy (in situ
DRIFTSs). The results indicate that the ceria-zirconia solid solutions with different Mn-doping content form the
modified solid solution structures. During the catalytic reaction for simultaneous removal of PM and NO,, their
catalytic performance is directly related to the oxidizing ability of these solid solution catalysts. Among them, 30%
Mn/Ce+Zry30, catalyst has higher activity for simultaneous removal of PM and NO,. The ignition temperature and the
most combustion temperature of PM are 298 and 504 °C, and the most conversion of NO achieves 30.6%. On the
basis of the experimental results of in situ DRIFTS, a reaction mechanism is proposed, which can preferably explain
the reaction process of simultaneous removal of PM and NO, over 309%Mn/Ce7Zr;0,. Based on the results of O,-TPD
and in situ DRIFTS, superoxide species (0,7) adsorbed on the surface of 30% Mn/Ce(7Zr;0, and nitrate species
(NO;s7) are active species during the reaction of PM and NO,, and further, the formation of the isocyanate species

(-NCO) is confirmed.
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Table 1 Catalytic performance of Cey,Zr,;0, with various Mn-doping amounts

Catalyst T,/ C T,/ C Xyo, 1 %
Ce7Z1030, 368 528 20.2
5%Mn-CZ. 382 524 242
10%Mn-CZ 365 518 25.9
15%Mn-CZ 357 502 26.7
30%Mn-CZ 298 504 30.6
50%Mn-CZ 346 525 224
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Table 2 Physical properties of Ce,;Zr,;0, with various Mn-doping amounts

Catalyst d/nm Dy / nm BET surface area / (m?-g™)
CerZiy:0, 0306 32 53 39

59%Mn-CZ 030569 5.0 65
10%Mn-CZ 030591 48 52
159%Mn-CZ 030652 48 48
309%Mn-CZ 030655 142 44
509%Mn-CZ 030641 47 48
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Table 3 Assignment of surface species on 30% Mn/Ce,;Zr,;0,

Species Peak position / cm™ Infrared vibration Structure
1610 N=0 stretch M—0 ___
Bridging bidentate nitrate _~N=o0
1010 NO, asymmetric stretch M—O
1570 N=O stretch o
Chelating bidentate nitrate M/ Sn=—o
1260~1267 NO, asymmetric stretch ~ 0/
1560 NO, asymmetric stretch o
Unidentate nitrate M—O0 —N
1248 NO, symmetric stretch ~o
]
Free nitrate ion 1358~1371 NO, stretch I I
O— N —O0
. M—O0
1331~1342 NO, asymmetric stretch ~
Bridging bidentate nitrite /N
1220 NO, symmetric stretch M—0
[e]
Chelating bidentate nitrite 1508~1527 NO, asymmetric stretch M\ /N
o
1437~1460 N=0 stretch
Linear nitrite M-0-N=0
1026 NO, asymmetric stretch
Adsorbed NO 1716 N=0 stretch M-N=0
Isocyanate species -NCO 2287~2294 N=C stretch M-N=C=0
Superoxide species 0, 1146~1149 0-0 stretch M-0-0
CO, 2350 CO, asymmetric stretch 0=C=0

* M represents metal atom on the surface the solid solution
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