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Figure S1. (a) XRD patterns and (b) Raman profile of CeO2-C and CeO2-M
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Figure S2. (a) CO2 conversion during 50 h, (b) CHa conversion during 50 h, and (c)

H2/CO ratio during 50 h of the blank tube and pure CeO2 support with different

preparation methods
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Figure S3. Apparent activation for: (a) COz and (b) CH4 of CeO2-C and CeO2-M

catalysts.



Table S1. Comparisons of TOF for typical Ni-based catalysts.

Sample CH4:CO2 T/°C TOFcha/s™! Ref
Ni/CeO2-M 1:1 800 3.1 This work
Ni/Ce02-C 1:1 800 1.9 This work

NiCel3-ac25 1:1 750 3.6 [1]
NiCe26-ac25 1:1 750 2.6 [1]
Ni/CeO2-BN 1:1 750 1.3 [2]
Ni/Ceo.9Eu0.101.95 1:1 600 0.8 [3]
Ni/MgO-mSiO2 1:1 700 04 [4]
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Figure S4. (a) CO2-TPSR profile; and (b) CH4-TPSR profile of CeO2-C and CeO2-M.



-
N
—~
O
N—"
-
~

124 1.2

Ni/CeO,-M Ni/CeO,-C
109 Nio: 64.0% 107 Niv: 70.3%
08 081

Ni%*:36.0% Ni2+:20.7%

—
Normallized Intensity (a.u.) EP,
Normallized Intensity (a.u.)

0.6 0.6
0.4 o Experimental 0.4 o Experimental
024 Fit 024 Fit
0.0+ 0.0
8320 8340 8360 8380 8320 8340 8360 8380
Energy (eV) Energy (eV)

Figure S5. Linear combination fitting (LCF) of XANES spectra for the reduced

catalysts.
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Figure S6. Scheme picture of microimpinging stream reactor system.

Figure S7. Photo and structure of the mini T-junction.



Table S2. Details of the microimpinging stream reactor system.

External Structure details
Model number
diameter/in A/mm Ax/mm F/in F/in Tube diameter/in
1/8 SS-2MTF 44.8 22.4 7/16 7/16 1/8
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Figure S8. Schematic diagram of two-step transient surface reaction.
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Figure S9. Diagrammatic sketch of the tube with values at the ends.

For the XAFS characterization, a series of procedures were carried out in order to

avoid the effect of air to the greatest extent. The spent catalyst was cool down to the
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ambient temperature with Ar atmosphere. Then the tube with the spent catalyst was
sealed by two values at the ends of the tube (Figure S3), which was transferred to the
glove box. The samples were laid on the 3M tape in the glove box filled with Ar and
packaged without air in the sealed box. The XAFS test was quickly carried out to avoid

the effect of air on the samples.
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Figure S10. (a) CO2 conversion (b) CH4 conversion, and (¢) H2/CO ratio of
Ni/Ce02-B and Ni/CeO2-M catalysts.
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