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Supplementary Figure 1. Catalytic performance of CO methanation of 10Ni/AlxCe1-x catalysts at 753 K with 5%CO-70%H2-Ar, 1 MPa, 60000 mL g-1 h-1 (a) CO conversion, (b) CH4 selectivity.
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Supplementary Figure 2. (a) The CH4 formation rate and (b) conversion of CO and CH4 selective from CO-H2 at 753 K with 5%CO-70%H2-Ar over the 10Ni/7Al3Ce catalyst as a function of time on stream.
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[bookmark: OLE_LINK30][bookmark: OLE_LINK31]
Supplementary Figure 3. The CH4 formation rate from CO-H2 over the 10Ni/7Al3Ce catalyst at 753K before (initial process) and after (reaction process) the induction process, as well as after treatments with 10%H2-Ar at 873 K for 4 h (re-reduction) and then 5%CO-70%H2-Ar at 753 K for 7 h.
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Supplementary Figure 4. Effect of the variation of CO content (x%CO-8%H2-Ar, x=0, 1.6, 2, 2.6, 4 and 8) in the induced gases on the rate of CH4 formation over the 10Ni/7Al3Ce catalyst.









Supplementary Figure 5. Effect of the variation of H2 content (2.6%CO-y%H2-Ar, y=2.6, 5.2, 10.4 and 13) in the induced atmosphere on the rate of CH4 formation over the 10Ni/7Al3Ce catalyst.





Supplementary Figure 6. Effect of induced atmosphere with different CO and H2 contents at H2/CO ratio of 3 on the rate of CH4 formation over the 10Ni/7Al3Ce catalyst.
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[bookmark: OLE_LINK10][bookmark: _Hlk138172523][bookmark: _Hlk138172562]Supplementary Figure 7. In-situ XRD patterns of the 10Ni/7Al3Ce catalyst during (a) reduction process (10%H2-Ar, 873 K, 1 atm), (b) initial process (5%CO-70%H2-Ar, 753 K, 101 kPa), (c) induction process (2.6%CO-8%H2-Ar, 753 K, 101 kPa). 






[bookmark: OLE_LINK6]Supplementary Figure 8. In situ XRD patterns of the 10Ni/7Al3Ce catalyst in the treatment of induction process (x%CO-8%H2-Ar, 2.6%CO-y%H2-Ar, 101 kPa total pressure, 753 K for 12 h) with different (a) CO contents (x=0, 1.6, 2, 4, 8) and (b) H2 contents (y= 2.6, 5.2, 8, 10.4, 13).
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Supplementary Figure 9. HAADF-STEM images with EDX elemental mapping of the (a) reduced 10Ni/7Al3Ce catalyst, (b) after reaction in 5%CO-70%H2-Ar at 753 K for 5 h, and (c) after reaction in 2.6%CO-8%H2-Ar at 753 K for 12 h. (blue: Al, cyan: Ni and red: Ce).
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Supplementary Figure 10. TEM images of the 10Ni/7Al3Ce catalyst (a) after reduction at 873 K for 4 h, (b) after reaction in 5%CO-70%H2-Ar at 753 K for 5 h and (c) after reaction in 2.6%CO-8%H2-Ar at 753 K for 12 h.
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[bookmark: OLE_LINK9]Supplementary Figure 11. In situ Raman spectra of the 10Ni/7Al3Ce catalyst in the treatment of induction process (x%CO-8%H2-Ar, 2.6%CO-y%H2-Ar, 101 kPa total pressure, 753 K for 12 h) with different (a) CO (x=0, 1.6, 2, 4, 8) and (b) H2 contents (y= 2.6, 5.2, 8, 10.4, 13).
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Supplementary Figure 12.  H2 chemisorption isotherms and H2 uptake for the 10Ni/7Al3Ce catalyst treated with induced gases of different (a, c) CO (x = 0, 1.6, 2, 4, 8) and (b, d) H2 (y = 2.6, 5.2, 8, 10.4, 13) contents.



  


Supplementary Figure 13. H2 chemisorption isotherms and H2 uptake for reduced 10Ni/7Al3Ce catalyst and after initial reaction.
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Supplementary Figure 14. Atomic ratio of surface (a) Ni0/(Ni0+Ni2+) and (b) Ce3+/(Ce3++Ce4+) over the 10Ni/7Al3Ce catalyst in the induction process. 
COMPARED WITH OTHER REPORTED CATALYST ACTIVITY
Supplementary Table 1
	Catalysts
	H2/CO
	Pressure (MPa)
	T/℃
	WHSV/
(L g-1h-1)
	Ni dispersion/%
	TOFCH4 (s-1)
	Ref.

	10Ni/7Al3Ce
	3
	0.1
	200
	30
	21.83
	0.0095
	This work

	10Ni/7Al3Ce
	14
	1
	200
	60
	21.83
	0.0288
	

	10Ni/7Al3Ce
	14
	1
	480
	29520
	21.83
	3.6611
	

	10Ni/7Al3Ce (induction 12h)
	14
	1
	480
	29520
	19.6
	11.8405
	

	
	
	
	
	
	
	
	

	Ni/mBN
	3
	0.1
	350
	720
	18
	0.1101
	1

	Ni/Al2O3
	3
	3
	305
	30
	5.8
	0.1179
	2

	20Ni-5V-Al
	3
	0.1
	260
	120
	17.9
	0.0363
	3

	10Ni/ST5
	3
	1
	250
	15
	35.6
	0.0083
	4

	NiCo/SiO2-U
	3
	0.1
	340
	60
	4.1
	0.7892
	5

	10Ni/Al2O3
	3
	0.1
	300
	30
	6.1
	0.0322
	6

	10Ni/Al2O3-M
	3
	0.1
	250
	15
	3.8
	0.0141
	7

	Ni/CeO2
	50
	0.1
	200
	6
	3.5
	0.0020
	8

	10Ni/BHA
	3
	3
	300
	30
	3.1
	0.0816
	9

	10Ni-2Fe-OMA
	3
	0.1
	300
	60
	13.0
	0.0605
	10

	20Ni-5M/20A-W
	3
	0.1
	260
	30
	18.3
	0.0118
	11

	10Ni-3V-OMA
	3
	0.1
	300
	90
	15.3
	0.0728
	12

	20NiCr2-OMA
	3
	0.1
	300
	60
	9.1
	0.0694
	13

	2Ni/13Ni-OMA
	3
	0.1
	300
	60
	13.1
	0.0711
	14

	10Ni-5V/SBA-15
	3
	1
	225
	15
	21.3
	0.0062
	15
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