
Effect of the calcination temperature on the performance of a CeMoOx 
catalyst in the selective catalytic reduction of NOx with ammonia 

Jihui Wang, Yongdan Li* 
Collaborative Innovation Center of Chemical Science and Engineering (Tianjin), Tianjin Key 
Laboratory of Applied Catalysis Science and Technology, State Key Laboratory of Chemical 

Engineering (Tianjin University), School of Chemical Engineering, Tianjin University, Tianjin 
300072, China  

*corresponding author: ydli@tju.edu.cn 
 

Introduction 
The selective catalytic reduction (SCR) of NOx with NH3 is considered to be the most 

efficient technology for reducing NOx emission in the presence of excess oxygen [1]. 
Although V2O5-WO3(MoO3)/TiO2 has been widely employed as a SCR catalyst commercially, 
some serious problems still remain, i.e. the high activity of SO2 oxidation, the toxicity of V2O5 
[2]. Recently, Peng et al.[3] reported a CeMoOx catalyst with excellent SCR performance. For 
the practical use, the sudden change in temperature of the catalyst brick may happen and may 
lead to the structural and performance change of the catalyst [4]. Therefore, the examination of 
the effect of the calcination temperature on the catalyst is worthwhile. 

 
Materials and Methods 

CeOx-MoOx catalysts were prepared by the urea co-precipitation method. The 
precursors were calcinated at different temperatures for 4 h in air. Finally, the samples were 
crushed and sieved to 40 - 60 mesh.  

Activity measurement: 500 ppm NO, 500 ppm NH3, 5% O2 and N2 as the balance 
gas. The total flow rate is 500 ml/min and gas hourly space velocity (GHSV) = 50000 h-1.  
 
Results and Discussion 

As shown in Fig. 1, compared to the CeMoOx-400 sample, CeMoOx-500 shows an 
activity with a slightly lower NOx conversion below 200 oC, but a higher NOx conversion 
above 350 oC. However, further increase of the calcination temperature leads to the obvious 
drop of NOx conversion. High N2 selectivity, higher than 90% at 400 oC, was achieved with 
the samples calcined at 400 and 500 oC. In contrast, much lower N2 selectivity, 73% and 70% 
at 400 oC, was measured with the other two catalysts. 

The spectrum of XPS of O1s is fitted into three overlapped peaks. The bands at 529.3-
529.4 ev is attributed to the lattice oxygen (OC). The two shoulder peaks are assigned to the 
surface chemisorbed oxygen (OB), and the chemisorbed water as contaminants at the surface 
(OA), respectively. The surface chemisorbed oxygen was reported to be more active in SCR 
reaction because its mobility is higher than that of the lattice oxygen [3]. As shown in Table. 1, 
with the increase of the calcination temperature, OB ratio decreases. Furthermore, compared to 
the OB peaks of CeMoOx-400 and CeMoOx-500, the OB peaks of CeMoOx-600 and CeMoOx-
700 samples shifts to a lower binding energy at 530.6 ev. This shift suggests a stronger 
interaction between the surface chemisorbed oxygen and metal atoms, lowering the surface 
oxygen mobility and SCR activity as a result. Furthermore, the increase of calcination 
temperature leads to the enrichment of MoOx on the surface of catalyst. 
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Fig.1 NH3-SCR performance on Ce-Mo catalyst calcinated at different temperatures. 
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Fig. 2 XPS spectra of O 1s for the CeMoOx catalysts calcinated at different temperatures. 

 
Table. 1 XPS results of the CeMoOx catalysts calcinated at different temperatures 

Sample 
 

Binding energy of oxygen (ev) OB ratioa 

(%) 
Mo/Ce atomic 

ratio OA OB OC 
400 oC 533.0 531.2 529.3 36.9 0.18 
500 oC 533.0 531.2 529.3 30.0 0.23 
600 oC 532.3 530.6 529.4 21.4 0.32 
700 oC 532.3 530.6 529.3 19.0 0.42 

a OB ratio = OB/(OA+OB+OC) ratio 
 
Significance 
CeMoOx-400 and CeMoOx-500 samples show excellent SCR performance, with more than 
90% NOx conversion and N2 selectivity between 175-400 oC. However, further increase of the 
calcination temperature to 600 and 700 oC leads to the drop of SCR performance. The low ratio 
and low mobility of the surface chemisorbed oxygen as well as the enrichment of MoOx 
contribute to the poor redox ability of the samples calcinated at high temperatures. 
 
References 
1. G. Busca , L. Lietti, G. Ramis, F. Berti, Applied Catalysis B: Environmental. 1998, 18, 1. 
2. J. Li, H. Chang, L. Ma, J. Hao, R.T. Yang, Catalysis Today 2011, 175, 147. 
3.      Y. Peng, R. Qu, X. Zhang, J. Li, Chemical Communication 2013, 49, 6215. 
4.       F. Liu, K. Asakura, H. He, Y. Liu, W. Shan, Catalysis Today 2011, 164, 520.	
  


