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Catalytic Removal of Nitric Oxide in Oxygen-Rich Exhaust
with Methane over Metal Ion-Exchanged Zeolites

CRCIE P o I
Sang Hwan Kim, Jung-Kyu Park

ABSTRACT

Selective catalytic reduction of nitric oxide by methane in the presence of excess oxygen was investigated
over copper and cobalt ion-exchanged ZSM-5 zeolites. Copper ion-exchanged ZSM-5(Cu-ZSM-5) has the
limitations for commercial applications to lean-burn gasoline and diesel engines due to low thermal stability and
resistance to water vapor and sulfur dioxide. But cobalt ion-exchanged ZSM-5(Co-ZSM-5) is more active at
high temperatures and also stable to water vapor and sulfur dioxide for catalytic reduction of nitric oxide by
methane. The catalytic activity of Cu-ZSM-5 for NO reduction increases with increasing temperatures, reaches
the maximum conversion of 23.0% at 350°C, and then decreases with higher temperatures. In the meantime
catalytic activities of Co-ZSM-5 show the maximum conversion of 25.8% at 500°C. Therefore Co-ZSM-5
catalysts have higher thermal stability at high temperatures. Catalytic activities of both zeolites were remarkably
enhanced with the existence of oxygen in the exhaust. It is noted that the catalytic activity of Cu-ZSM-5
decreases with the increasing concentration of methane while the catalytic activity of Co-ZSM-5 decreases with
increasing contents of methane in the exhaust. This may imply the existence of different paths of NO reduction
by methane in the presence of excess oxygen for Cu-ZSM-5 and Co-ZSM-5 catalysts. For binary metal ion-
exchanged ZSM-5, the primary ion-exchanged metal may be masked by secondary ion-exchanged component,
which plays the important role for catalytic activities of binary metal ion-exchanged ZSM-5. Therefore CuCo-
ZSM-5 catalysts show the similar volcano-shaped curves to Cu-ZSM-5 catalysts between the activity and
temperature. It is interesting that the activities of CoCu-ZSM-5 catalysts indicate almost no dependence on the
concentration of methane in the exhaust.
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Table 1 Catalysts for selective reduction of nitric oxide by hydrocarbon in the presence of excess oxygen

Catalyst* J Researchers r Date
Cu-MFI Iwamoto el al. (Hokkaido Univ.) | Jan. 1990

l Held et al. (Volkswagen) Feb. 1990 B
H-MOR, H-MFI1 Hamada el al. (Natl. Chem. Lab. for Ind.) Oct. 1990
AlLOs, metal oxides Kintaichi et al. (Natl. Chem. Lab. for Ind.) Oct. 1990
Cu-silicate Inui et al. (Kyoto Univ.) Oct. 1990 —\
Fe-, Ga-silicate Kikuchi et al. (Waseda Univ.) Nov. 1990

Fe-Y, -MFI

Mochida et al. (Kyushu Univ.)

Cu-, Co-, Fe-AlLO;

Yu-u et al. (Hokkaido Univ.)

Nov. 1990

Mar. 1991

CuO + H-MFI Yokota et al. (Toyota) Mar. 1991
SO /TIO,, /210y, /Fes0s Kintaichi et al. (Natl. Chem. Lab. for Ind.) Apr. 1991
Co-, Ag-, Zn-MF1 Yu-u et al, (Hokkaido Univ.) Apr. 1991
Co/, Ni/ALOs Hamada el al. (Natl. Chem. Lab. for Ind.) Apr. 1991
H-FER Hosose et al. (Hokkaido Univ.) Apr. 1991
Cr-, Mn-silicate Inui et al. (Kyoto Univ.) Apr. 1991
Ce-zeolite Misono et al. (Univ. of Tokyo) June 1991
Ti0,-ZnO j Tabata et al. (Cosmo) Sep. 1991
Fe-MOR , Sato et al. (Hokkaido Univ.) Sep. 1991
Cu-SAPO } Ishihara et al. (Oita Univ.) ] Sep. 1991
Cu/Si03-A103 ‘ Hosose et al. (Hokkaido Univ.) Sep. 1991
Ir/SiO; (by CO) ‘ Kikuchi et al. (Waseda Univ.) Sep. 1991
LaCoQs + Ti-MOR J Nakatsuji et al. (Sakai Chem. Ind.) Dec. 1991

34

'MFI : ZSM-5(Si0»/A1,05=23.3)
Y Y zeolite(Si0»/AlL03=5.6)
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MOR: mordenite(Si02/A1,05=10.5)
FER : ferrierite(Si0/AL03=12.3)
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Table 2 Activity for selective catalytic reduction of nitric oxide into nitrogen by hydrocarbon in the presence of excess oxygen

Catalyst Reductant Conversion into N2*(%)
Gas Conc.(ppm) 200°C 250°C 300°C 400°C 500°C
H-MOR-100" C:Hq 250 - 5 13 27 23
H-MOR-100” CsHs 330 - - 58 65 48
Cu-MOR-110" C:H, 250 - 26 18 - -
H-MFI-100" C>Hs 250 7 20 33 39 33
H-MFI-100? C3Hs 330 - - 60 62 43
Mn-MFi-127" C>Hq 250 - 16 27 23 17
Co-MFI-90" CaH, 250 - 6 36 40 25
Ni-MFI-99" CHy 250 - 1 30 38 21
Cu-MFI-102" CaHy 250 9 41 32 16 -
Zn-MF1-96" CoHy 250 - - 6 11 25
Ag-MFI-90" C:H, 250 - - 13 21 47
Ce-MFI-16" C:Hq 250 8 12 25 30 8
Fe-silicate” CsHs 1000 0 - 53 20 12
ALO;" C.H, 250 0 - 5 6 22
Co/ALO,™ CH, 250 0 - 4 13 28
Co/ALO™ C3Hg 330 - - 4 49 29
CwWALO;"™ C,Hy 250 0 - 6 21 26
SO4%/Ti0,” C3Hs 330 - - 27 47 28
S04”-Zr0,” C3Hy 330 - - 1 22 33

*: The symbol - indicates no data available

1): [NOJ=1,000ppm, [C2H4]=250ppm, [02]=2.0%, and W/F=0.2g s/cms

2): [NOJ=1.000ppm, [C2H4]=330ppm, [02]=10.0%, and W/F=1.0g s/cms
3): [NOJ=1,000ppm, [C3He]=166ppm, [02]=2.0%, and W/F=0.2g s/cm;

4): [NO]=1,000ppm, [C:Hs]=1,000ppm. [O2]=10.0%, and W/F=0.33g s/cm;

5): The amount of metal loaded is omitted
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Fig. 1 Preparation of metal ion-exchanged ZSM-§ catalysts
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Table 3 Characteristics of metal ion-exchanged ZSM-S catalysts

] Metal/Al Exchange ratio(%) Metal loading(wt %)
Catalyst SiVAl — { T
. Cu Co Total Cu i Co Total Cu { Co | Total
Cu-ZSM-5 15.0 0.307 0 | 0.307 61 0 61 1.99 0 1.99 |
Co-ZSM-5 15.0 0 0.216 0.216 0 43 43 0 1.31 1.31 ‘
CuCo-ZSM-5 15.0 0.451 0.147 0.598 90 29 119 2.90 0.89 3.79 ]
CoCu-ZSM-5 15.0 0.069 0.258 0.327 14 52 66 0.46 | 1.58 2.04 J‘

* molar ratio
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