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Effect of Ce Addition on Catalytic Activity of Cu/Mn Catalysts for Water
Gas Shift Reaction
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TCorresponding author :
cosy32@cnu.ac.kr Abstract >> Cu/Mn/Ce catalysts for water gas shift (WGS) reaction were synthe-

sized by urea-nitrate combustion method with the fixed molar ratio of Cu/Mn as

Egszzzd ;i ::Z';‘:jgfgg; 1:4 and 1:1 with the doping concentration of Ce from 0.3 to 0.8 mol%. The pre-

Accepted 28 February: 2017 pared catalysts were characterized with SEM, BET, XRD, XPS, H,-TPR, CO, TPD,
N2O chemisorption analysis. The catalytic activity tests were carried out at a
GHSV 0f 28,000 h™ and a temperature range of 200 to 400°C. The Cu/Mn(CM)
catalysts formed Cu-Mn mixed oxide of spinel structure (Cui.sMn1504) and man-
ganese oxides (MnOy). However, when a small amount of Ce was doped, the
growth of CuisMn1504 was inhibited and the degree of Cu dispersion were
increased. Also, the doping of Ce on the CM catalyst reduced the reduction tem-
perature and the base site to induce the active site of the catalyst to be exposed
on the catalyst surface. From the XPS analysis, it was confirmed that maintaining
the oxidation state of Cu appropriately was a main factor in the WGS reaction.
Consequently, Ce as support and dopant in the water gas shift reaction catalysts
exhibited the enhanced catalytic activities on CM catalysts. We found that proper
amount of Ce by preparing catalysts with different Cu/Mn ratios.

Key words : Water gas shift(44] 7t A®0[), Cu/Mn catalyst(F 2| /% 7t Z01), Urea-ni-
trate combustion(urea-nitrate 91 4), Catalytic activity(Z I &4)
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Fig. 2. XRD patterns of Ce doped CM catalysts; (H)
Cu15Mn1 504, (A) Mn3O04, (W) Mn203, (4) CuO
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Fig. 1. FE-SEM images of CM catalysts
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Table 1. Properties of CM catalysts

Surface| Pore | Pore | Crystallite | Interplanar
Sample area | volume |diameter|  size space
(m’/g) | (em’g)| (m) | (um) | (nm)
CM14 16 0.08 18 20.1 0.2496
CM14Ce06 6 0.02 16 16.6 0.2496
CM14Ce08 6 0.02 11 13.2 0.2493
CM11 5 0.02 13 43.6 0.2493
CM11Ce03 3 0.01 16 23.8 0.2495
CM11Ce05 3 0.008 13 13.5 0.2493

o, steam/carbon H]&= 22 A3} oM o= F7t
21 GHSV 28,000 h'o] gz}, uker] scke] 7}
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Fig. 3. Ho-TPR profiles of CM catalysts
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Table 2. O 1s XPS data of CM catalysts

Sample Ot (€V) AE (eV)

CM14 529.81 11.2
CM14Ce06 529.86 11.2

CMI1 529.73 11.2
CM11Ce03 529.77 11.2
CM11Ce05 529.76 11.2
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Table 3. Results of N20 chemisorption analysis of CM catalysts

Metal Metal Metal
Sample dispersion | surface area | particle size
(%) (m'/g) (nm)
CM11 29 19.2 34.9
CM11Ce03 45 29.3 22.9
CM11Ce05 4.8 31.2 21.4
Cu” cu™
P Cu2p
el
o Cu™ satellite peak
P
2
2
£
CM11Ce05

926 928 930 932 934 936 938 940 942 944
Binding Enenrgy (eV)

Fig. 4. XPS patterns of CM11, CM11Ce03 and CM11Ce05
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Fig. 5. Cu LMM Auger electron spectra of CM11, CM11Ce03
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