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The Catalytic Combustion of Methane over Fe/Ce,ZrggxLag10105-Al,O3
Monolith Catalyst

CHEN Yongdong, LIAO Chuanwen, CAO Hongyan, LIU Zhimin, WANG Jianli,
GONG Maochu, CHEN Yaogiang”
Key Laboratory of Green Chemistry and Technology of the Ministry of Education, Sichuan University, Chengdu 610064, Sichuan, China

Abstract: A series of CexZrogxLao101.05-Al,03 (M(CexZro.9xLa0101.05):m(Al03) = 1; x = 0, 0.3, 0.5, 0.7, and 0.9) oxygen storage materials
were prepared by the co-precipitation method. With these materials as supports, the Fe-based monolith catalysts were prepared by the im-
pregnation method, and their catalytic activity for methane combustion at low concentration was investigated. The textural, structural, and
redox properties of the catalysts were characterized by nitrogen adsorption-desorption, oxygen storage capacity (OSC) measurements, X-ray
diffraction (XRD), and H,-temperature-programmed reduction (H,-TPR). The results of the activity test showed that the catalyst activity was
the best when x = 0.7 and methane started to convert at 465 °C and converted completely at 615 °C on the catalyst at V(CH,) = 1% and
GHSV =50 000 h™. The nitrogen adsorption-desorption and OSC results showed that the Ce,Zryg.Lay101.0s-Al,O3 0xygen storage materials
had high OSC, high surface area, and good thermal stability. The XRD results showed that when x = 0.5 and 0.7, the Fe-based catalysts had
the best thermal stability and existed in a CexZrooxLao101.05-Al,O3 solid solution. H,-TPR results showed that at x = 0.7 the catalyst was
most easily to be reduced.

Key words: iron-based monolith catalyst; methane; catalytic combustion; ceria; zirconia; lanthana; alumina; oxygen storage material
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Fig. 1. Catalytic activity of fresh (a) and aged (b) Fe/CesZrogxLao1-
04.95-Al,0; catalyst samples for methane combustion. Reaction condi-
tions: feed 1%CH,-4%0,-95%N,, catalyst 140 g/L, GHSV = 50000 h™.
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Table 1 Textural properties and oxygen storage capacity (OSC) of the Ce,Zrq.60-xL20101.95-Al,O3 support and Fe/Ce,Zrogo-xLao.101 05-Al,O3 catalyst

Sample Ager/(m°/g) Vel (mi/g) OSC (umol/g)
Fresh Aged Fresh Aged Fresh Aged
Zrgolap 101 65-Al,04 128 38 0.30 0.24 0 0
Ceo3Zro6Lag101.05-Al,03 145 56 0.25 0.16 195.8 69.2
Ceo5Zr0.4La9101.05-Al,03 171 84 0.33 0.18 222.4 97.2
Ceo7Zr02L20101.05-Al,03 169 99 0.45 0.28 248.9 142.7
Ceoglag101.95-Al,03 174 53 0.41 0.21 363.4 102.2
Ce0,-Al,04 195 57 0.35 0.15 456.3 21.1
FelZryglag101.95-Al,05 108 33 0.22 0.20 176.1 46.8
Fe/Cep3Zro6Lag101.95-Al03 122 48 0.11 0.10 364.6 72.3
Fe/Cep5Zro4Lap101.95-Al,04 145 43 0.17 0.11 379.3 120.4
Fe/Cep7Zr92L20101.95-Al03 147 59 0.29 0.17 489.1 173.2
Fe/Cepglag101.95-Al,03 149 47 0.25 0.12 583.4 122.5
Fe/Ce0,-Al,03 140 17 0.20 0.04 677.8 311
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Fig. 2.

Lay101.95-Al,05 catalyst samples.
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Fig. 3. H,-TPR profiles of fresh (a) and aged (b) Fe/CesZroox-
Lag 101 65-Al,03 catalyst samples.
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