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Performance and mechanism of low—concentration CH, catalytic
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Abstract: A large quantity of CH, is discharged from exhaust gas in China every year, which causes serious environmental pollution of at-
mosphere. Catalytic combustion is considered as one of the most effective ways to remove methane due to its low operating temperature and
high efficiency. Herein, three catalysts, CuO-CeO,, CuO and CeO,, were prepared by sol-gel method to investigate the catalytic com-
bustion activity of CH, under (1% CH,, 78% N, and 21% O, ) atmosphere. The physical structure and surface properties were character-
ized using XRD, XPS, H,-TPR and O,—TPD techniques, etc. The results show that Ce ions not only promote the dispersion of Cu on
the catalyst surface, but also the conversion between trivalent ( Ce™) and tetravalent (Ce*") improves the oxygen storage and release ca-
pacity of the catalyst, which is beneficial for CuO-CeO, to improve the catalyst activity. The evaluation of catalyst activity provides evi-
dence that the activity order of the three catalysts follows the order CuO—-CeO,>Cu0>Ce0,. Then, the most active CuO-CeO, catalyst is
employed to further investigate kinetic partial pressure experiment and reaction mechanism to determine the reaction rate of methane at dif-
ferent oxygen/methane partial pressure ratios. The results indicate that the reaction follows the L—H mechanism, that is, the adsorbed CH,

reacts with the adsorbed O,. Based on in—situ infrared spectra analysis, the microscopic reaction mechanism of CH, over CuO-CeO, cata-
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lyst is proposed: CH, is firstly adsorbed on the surface of CuO-CeO, and then reacts with CuO—-CeO, to produce intermediate products me-

thoxy substance (Cu—OCH;) and formate substance (Cu—OOCH). Finally, the intermediate products are decomposed into CO, and H,0

to achieve the purpose of the complete oxidation.
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CeO, AL FIE BT CuCeO [ 1A 8 LA 43 FC 1 K 41
CuO PSRRI JFHiE T CeO, K1,
2.2 XPS 9%

AR et T R AU A2k A B XPS &
Cu 2p 7EHEF A XPS JEE @ d 2 fr7x, Cu 2p,,
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200

B 13 A0 A B XRD 4741 B
Fig.1 XRD diffraction map of CuO, CeO,,

and CuO-CeO, catalysts
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Fig.2 Cu 2p XPS spectrum in the catalysts
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B3 A LR Ce3d XPS #HE
Fig.3 Ce 3d XPS spectrum in the catalysts
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Table 1 Surface composition of catalysts

e o
Cu”/Cu Ce™/Ce
CuO 0.46 —
CeO, — 0.22
Cu0-CeO, 1.26 0.35
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TR AR AR 0 S AR T AR R S RO T
R AY IR R | BT L 3 Rl Ak 70 ) SR Ak 8 D E
HEFF B CuO-Ce0,>Cu0>Ce0, ,

B4 3HMEMHE H,-TPR i &
Fig.4 H,-TPR curves of CuO, CeO,, CuO-CeO, catalysts
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Table 2 H, Consumption of three catalysts

AL SRR i T/ g WY (mV - s) S TIHAER (pmol - g7')
Cu0 0.210 22 649.47 67.02
Ce0, 0.200 3202.50 5.01
Cu0-Ce0, 0.203 17 477.26 54.04
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Fig.5 0,-TPD diagram of CuO, CeO, and CuO-Ce0, catalysts
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Fig.6  Conversion rate curves of CH, combustion over

the CuO, CeO, and CuO-CeO, catalysts
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R THRIE CH, 5 O, % 5 3 58 1) 5% ) KL | 76
HEALFNEPEEM & EHEAT 53 R SO 3l ) 23R8,
PR CH WAL R4 HITE <10% . PR FF CH, B
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T CuO-CeO, fEALFIHAE CH, AL BREE SN 3 R
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Table 3 Dynamics test results of the CuO-CeO, catalyst

53 JE/kPa o
I AL o o CH, 51k % SRR/ (10 mol - (g« s)7")
4 2

1 0.54 1.086 11.1 0.796

2 0.78 1.086 7.7 1.149

3 1.14 1.086 5.3 1.679

4 1.20 1.086 5.0 1.768

5 1.50 1.086 4.0 2.209

6 1.68 1.086 3.6 2.475

7 1.14 0.482 9.1 0.710

8 1.14 0.834 19.4 1.229

9 1.14 1.086 14.3 1.679

10 1.14 1.214 2.9 1.788

11 1.14 1.542 1.3 2.272

12 1.14 1.712 2.2 2.522
SEHRH Polymath 6,10 237 T 36T FhLAEA F(CO)=kP'(CH) P/(0,) . (D)

SEFE BN ) 22 2 A
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Fig.7 CH,reaction rate of the CuO-CeO, catalyst
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Fig.8 In-situ infrared spectroscopy analysis for CH, catalytic

combustion over CuO-CeO,
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