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Abstract

The recovery of hydrogen from methane by catalytic oxidation was studied over

Pd/ALO; catalyst at 673 to 873 K and loading concentration ratios from [O2] 7 [CH4} 0.5 to

2.0. Complete oxidation, CH, + 2 O, 2 CO, + HZO, took place for reactant mixtures having

[O2] / [CHs] = 1.0, irrespective of reaction temperature. Hydrogen production through partial

oxidation, CHs + 1/2 O; 2 CO + 2 H,, predominate throughout complete oxidation for

reactant gas mixtures having [O,] / [CH4] = 1.0. Adsorbed species such as Hy, Oy , COuy ,

and OH, were shown essential as reaction intermediates for both the complete and partial

oxidation.
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Fig.2 Influence of reactant composition for total
pressure on methane oxidation.
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Fig.3 Product composition dependence on reactant composition with catalytic oxidation at 773K.
Table.2 Pressure change during oxidation reaction of methane on various conditions.
Initial partial Initial partial Initial Final Final partial
Temperature
(K) CHa pressure | O, pressure total pressure | total pressure H:> pressure
(Torr) (Torr) (Torr) (Torr) (Torr)

333 16.7 50.0 90.0 48.6
25.0 250 50.0 76.1 26.3

873 16.7 333 50.0 45.0 0.0
25.0 12.5 37.5 67.9 373
25.0 25.0 50.0 76.1 25.5
25.0 50.0 75.0 56.4 0.0
33.3 16.7 50.0 68.0 23.8
25.0 25.0 50.0 69.5 18.6

773 16.7 333 50.0 45.0 0.0
25.0 12.5 37.5 52.8 18.4
25.0 25.0 50.0 69.5 18.6
25.0 50.0 75.0 63.3 0.0
333 16.7 50.0 54.0 8.1
25.0 25.0 50.0 53.9 5.3

673 16.7 333 50.0 45.0 0.0
25.0 12.5 37.5 42.2 6.1
25.0 25.0 50.0 53.9 7.3
25.0 50.0 75.0 63.9 0.0
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Fig.4 Products composition dependence on isotope effect with catalytic oxidation at 773K.
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Table.3 Temperature dependence of Gibbs free energv on various reactions.

Symbol Reaction formula CHs : O2 673 (K) - ?72(1((;(.] 873 (K)
(a) CHys+ 20, 2C0O;+ 2H,0 1 2 800 800 800
(b) CHs+ 0O,2CO+H,O+H, 1 1 366 380 394
(c) CHs+ 0O, 2CO+ 2H, 1 1 381 391 401
(d) CH4+320,2C0O,+H,0+H, 1 :15 590 595 600
(e) CHs+ 120, 2 CO+ 2 Hy. 2 1 156 175 194
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