24 10 2003 10
Vol. 24 No. 10 Chinese Journal of Catalysis October 2003

: 0253-9837(2003) 10-0755-05 2 755~ 759

REL, FHE, FOE. CHRIL OEM, ke
AR, Ry, FM, FER
(1 ATLITIE AF B AFEHR TR R, LA 321004; 2 BEITAF WF REKREEEF
ERERLRE i BAFHARE, BEE] 361005; 3 AT A¥ W K, @M 310027)

: - CHy4 R Rh/ Si0»
, , 1 CO, , 2 , CcoO ; Ru/ SiO; ,
, CO, . Rh Ru

Effect of Surface Oxygen Concentration on Activation
of Methane over Supported Metal Catalysts

WU Tinghua” , YAN Qiangu’, LU Wei', NIU Zhenjiang', MAO Fulin', ZHANG Qineng',
ZHU Minggiao"*, ZHONG Yijun', LI Zelin', WAN Huilin"*
(1 Institute of Physical Chemistry and Department of Chemistry, Zhejiang Nor mal University, Jinhua 321004, Zhejiang,
China; 2 State Key Laboratory for Physical Chemistry of Solid Surfaces, Department of Chemistry and Institute
o Physical Chemistry, Xiamen University, Xiamen 361005, Fujian, China; 3 Department
of Chemical Engineering, Zhejiang Unwersity, H angzhou 310027, Zhejiang, China)

Abstract: Activation of methane over supported metal catalysts was investigated using M S-pulse technique on-
line. Oxygenfree CH4 pulsing reactions were carried out over both Rh/ SiO2 and Ru/SiO2 at 700 C. Large
amounts of CO and CO2 were observed at the first pulse of CH4 over oxidized Rh( O) /SiO> catalyst. However,
no CO; formation was observed at the second pulse and thereafter. Similar to the response of Rh(0)/ SiO; cata
lyst, the intensity of CO and CO; was strong at the first pulse over reduced Rh/Si0; catalyst, and CO; appeared
also only at the first pulse over Rh/SiO; catalyst. No CO2 was detected at the second pulse and thereafter. CH4
pulsing over Ru( 0)/SiO2 catalyst also produced CO and CO2. CO and CO2 were detected from the first pulse,
and their intensity was much stronger than that of CO and CO; produced over Rh/SiO; catalyst. However, um
like Rh/Si0; catalyst, CO» was formed at every pulse over Ru( 0) /SiO, catalyst. Pulsing CH 4 over Ru/ Si0O2 cat
alyst also produced both CO and COz2 at every pulse. This difference between Rh and Ru catalysts may be due to
the difference in the bond strength of RO (528. 4 kJ/mol) and Rk-O (405. 1 kJ/mol) and in their relative
oxygen affinities, Ru’ can be more easily oxidized by O2 than Rh” ow ing to the greater oxygen affinity of Ru.
Surface oxygen should play an important role in the activation of methane and the product distribution.
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Fig 1

(a) 15 min, (b) 90 min

Mass spectra of pulse CH, (700 'C) over Rh/TiO, catalyst pre-reduced at 700 C for different time
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Fig 2 Mass spectra of pulse CH, (700 C) over pre-reduced Rh/Si0, catalyst
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Fig 3 Mass spectra of pulse CHy (700 C) over oxidized Rh( 0)/S10; catalyst
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Fig4 Mass spectra of pulse CHy4 (700 C) over pre-reduced Ruw/ Si0; catalyst
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Fig5 Mass spectra of pulse CH, (700 C) over oxidized Ru( 0)/S10, catalyst
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