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Figure 1 Carbon containing products for the various reactions at thermodynamics equilibrium. (a) CH, decomposition (CH,=100%), (b) Boudouard
reaction (CO=100%), (c) DRM (CH4=50% and CO,=50%) [4] (color online).
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Figure 2 Reaction steps for DRM. (a) Adsorption and dissociation of
CH, and CO, on the metal and the metal-support interface, respectively.
(b) CO and H, desorption are fast steps. (c) Surface hydroxyls are
formed from hydrogen and oxygen spillover. (d) Surface oxygen species
or hydroxyls oxidize the hydrogen-depleted surface methyl-like species
(CH,), forming CH,O species and finally CO and H, [30] (color online).
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Figure 3 Two-dimensional volcano-curves of the turnover frequency
(log,) in terms of CH, dissociation per metal site as a function of O and
C adsorption energy. 7=500 °C, P=1 bar; 10% CH, conversion. The
error bars include an estimated 0.2 eV uncertainty in the adsorption
energies [44] (color online).
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Figure 4 (a) Surface restructuring of Ni-Pt bimetallic systems induced
by temperature and adsorbates; (b) evolution of the surface structure of
Ni/Pt bimetallic nanoparticles upon thermal treatment [108] (color
online).
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Figure 5 The oxidation and reduction of Ni-Fe alloy during DRM
[119,122]. (a) The Ni-Fe alloy particle upon reduction; (b) the Ni-Fe
alloy particle upon oxidation by CO, (color online).
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Figure 6 HAP-Ce supported different Ni catalysts for DRM. (a~¢) Electron microscopy images and size distribution of Ni/HAP-Ce samples; (f) CO,
conversion during DRM over HAP-Ce supported different Ni catalysts (7=750 °C, CH,/CO,/He=10/10/30, GHSV=60000 mL h' gfl); (g) TGA
profiles of various catalysts after different reaction times on-stream at 750 °C [148](color online).
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Figure 7 TEM images of (a, b) used Ni/SBA-16 and (d, e) used Ni-
Ce/SBA-16 after catalytic reactions at 700 °C for 100 h, with Ni particle
size distributions for (c) used Ni/SBA-16 and (f) used Ni-Ce/SBA-16
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Figure 8 HR-STEM investigation of the overgrowth on Ni nanopar-
ticles reduced at 1000 °C: Ni2.5-600-1000 (a, c¢) and Ni5-600-1000 (b,
d). Red and green colors represent the Al,O; and Ni particles,
respectively [168] (color online).
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CH,-CO, reforming: challenges and outlook
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Abstract: CH,4-CO, reforming process can convert CH, while utilizing a large amount of CO,, thus becoming a green
chemical technology and attracting wide attention. Nevertheless, thermodynamic characteristics of this process
determine that the reaction requires high operating temperature and its side reactions lead to carbon deposition. The
main challenge for industrial applications of this process is to solve the deactivation problem of Ni-based catalysts
induced by sintering and carbon deposition. This review summarizes the research progress of CH,-CO, reforming and
Ni-based catalysts and forecasts the future study.
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