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Catalytic combustion of lean methane over a core-shell
structured Pd-Co,0,@ SiO, catalyst
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Abstract: A core-shell structured Pd-Co,0,@ SiO, catalyst was prepared by a simple self-assemble method and
used in lean methane combustion. The results of catalytic tests indicate that the core-shell Pd-Co,O, @ SiO,
catalyst exhibits high activity in lean methane combustion and superior stability at high temperature. The results
of TEM, XRD, and H,-TPR characterization suggest that the high activity of Pd-Co,0O,@ SiO, is mainly ascribed
to the strong interaction between CoO, and PdO species inside the SiO, shell. Meanwhile, as the active Pd and
CoO, species in Pd-Co,0, @ SiO, are enshielded in the core-shell structure, which is effective to protect the
active phase from sintering at high temperature, the core-shell structured Pd-Co,O, @ SiO, catalyst is thus far
superior in thermal stability against high temperature to the supported Pd/Co,0, @ SiO, and Pd/Co,0,-SiO,
catalysts.
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Figure 1 A comparison of the fresh Pd-Co-Si catalysts with different structures and the aged ones after calcination
at 800 C for 5 h in their catalytic activity in lean methane combustion
(a): Pd-Co,0,@ SiO,; (b): Pd/Co,0,@ SiO,; (c): Pd/Co,0,-SiO,; (a,): fresh Pd-Co,0,@ SiO, ;
(a,): aged Pd-Co,0,@ Si0O,-800; (b, ) : fresh Pd/Co,0,@ SiO,; (b,) : aged Pd/Co,0,@ SiO,-800;

(¢,) : fresh Pd/Co,0,-Si0,; (c,): aged Pd/Co,0,-SiO,-800
the light-off tests for lean methane combustion were carried out at a heating rate of 2 C/min,
in a feed of 1% methane in air with a space velocity of 30 000 mL/(g-h)
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Figure 2 TEM images of the fresh Pd—Co-Si catalysts with different structures and
the aged ones after calcination at 800 C for 5 h
(a,): fresh Pd-Co,0,@ SiO, ; (a,): aged Pd-Co,0,@ SiO,-800; (b,) : fresh Pd/Co,0,@ SiO, ;
(b,) : aged Pd/Co,0,@ SiO,-800; (c,) : fresh Pd/Co,0,-SiO,; (c,): aged Pd/Co,0,-SiO,-800
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Figure 3 XRD patterns of the fresh Pd—Co-Si
catalysts with different structures and the aged ones after
calcination at 800 C for 5 h
a, : fresh Pd-Co,0,@ SiO, ; a,: aged Pd-Co,0,@ SiO,-800;
b, : fresh Pd/Co,0,@ SiO, ; b, : aged Pd/Co,0,@ Si0,-800;
¢, : fresh Pd/Co,0,-SiO, ; c,: aged Pd/Co,0,-SiO,-800
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Table 1 A comparison of the fresh Pd—Co-Si catalysts with different structures and the aged ones after calcination
at 800 C for 5 h in their textural properties and catalytic activity in lean methane combustion

A/(m*-g™") v,/(em’-g ") t,,/C t,/C
Catalyst
fresh aged fresh aged fresh aged fresh aged
Pd-Co,0, @ SiO, 309.8 239.9 0.50 0.41 260 350 327 422
Pd/Co,0, @ SiO, 273.3 149.3 0.46 0.27 321 440 364 579
Pd/Co,0,-SiO, 151.6 148.0 0.60 0.58 303 491 337 >600

note: Aggr and v, are the surface area and pore volume, respectively, determined by nitrogen physisorption. f,, and t5, are the
temperatures corresponding to methane conversions of 10% and 50% in the light-off tests, respectively; The light-off tests for lean
methane combustion were carried out at a heating rate of 2 C/min, in a feed of 1% methane in air with a space velocity of
30000 mL/g-h). To get the aged catalyst, the fresh catalyst was heated from room temperature to 800 C at a ramp of 10 C/min
and then calcined in air at 800 C for 5 h
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Figure 4 H,-TPR profiles of the fresh Pd-Co-Si catalysts with different structures and the aged ones after
calcination at 800 C for 5 h
a,: Co;0,-Si0,; a,: fresh Pd/Co,0,-SiO,; a,: aged Pd/Co,0,-Si0,-800; b,/c,: Co,0,@ SiO,;
b, : fresh Pd-Co,0,@ SiO, ; b, : aged Pd-Co,0,@ SiO,-800; c,: fresh Pd/Co,0,@ SiO, ; c,: aged Pd/Co,0,@ SiO,-800
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Figure 5 Thermal stability of the Pd-Co-Si catalysts with different structures in lean methane combustion
(a): Pd-Co,0,@ SiO,; (b): Pd/Co,0,-SiO,
the reactions were conducted in a feed of 1% methane in air with a space velocity of 30 000 mL/(g+h)
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Figure 6 Proposed mechanism for catalytic combustion of ESa eI, R, 5 588 Pd/Co,0,-Si0, M
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