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Figure S1. Diffraction patterns of Ni25MgLa5Al, Ni50MgLa5Al, Ni50MgLa3Al and Ni35MgLa3Al 

precursors obtained by co-precipitation. 

  



 

 

Figure S2. Ni 2p and La 3d core level spectra of calcined catalysts. 

  



During catalytic tests, temperatures inside the reactor are higher than the oven ones due to the 

exothermicity of the process (Figure S3). As expected, the temperature depends on the conversion, 

the hot spots are above 85 °C at 300 °C for highly active catalysts, while only around 13 °C for the 

poorly active Ni25MgLa5Al. Nonetheless, when plotting the CO2 conversion versus the outlet 

temperature the same trend is observed (Figure S4). 

Figure S3. Temperature profiles over Ni35La3MgAl, Ni50La3MgAl and Ni50La5MgAl. Oven 

temperature = 300°C, pressure = 1 (red), 5 (blue) and 7 bar (green).  
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Figure S4. Exit temperature vs CO2 conversion and CH4 selectivity (1 bar) [Reaction conditions: oven 

temperature = 250−400 °C; pressure= 1 bar; CH4/CO2/H2 = 1/1/4 v/v; 400 L gcat−1 h−1]. 

 

  



Figure S5. Effect of Ni and La loading on the CO2 methanation [Reaction conditions: oven 

temperature = 225−400 °C; pressure= 1 bar; N2/CO2/H2 = 1/1/4 v/v; 480 L gcat−1 h−1]. 

To better investigate the role of La content a Ni50MgLa2Al catalyst (Surface BET area 144 m2/g) was 

prepared. 

Temperature profiles for the Ni35MgLa3Al for the CO2 methanation are shown in Figure S6. The 

temperature increases along the catalytic bed reaching the maximum at the outlet. The hot spots are 

also related to the conversion. 

Figure S6. Temperature profiles of CO2 methanation over Ni35MgLa3Al catalyst.  

  



It is worth noting that like in the 1 bar tests, the exothermicity of the process increases the 

catalytic bed temperature (Figure S3, S7). 

 

 

Figure S7. Outlet temperature vs CO2 conversion and CH4 selectivity at a) 5 bar and b) 7 bar. 

[Reaction conditions: oven temperature = 250−300 °C; pressure= a) 5 bar, b) 7 bar; CH4/CO2/H2 = 

1/1/4 v/v; 400 L gcat−1 h−1]. 

  



 

 

Figure S8. Stability tests over a) Ni50MgLa5Al and b) Ni50MgLa3Al. [Reaction conditions: oven 

temperature = 250 °C; pressure= 1,5 bar; CH4/CO2/H2 = 1/1/4 v/v; 400 L gcat−1 h−1]. 

 



 

Table S2. Comparison of CH4 productivity of the catalysts in this work and recent publications in literature 
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Catalyst 
Ni / 

wt% 

Total flow 

/mL min-1 

CO2 flow 

/mL min-1 

GHSV 

/ L g-1 h-1 

Pressure 

/ bar 

Temp. 

/ oC 

CH4 

Productivity / 

LCH4·gcat
-1·h-1 

CH4 

Productivity  

/ L gNi
-1 h-1 

Ref. 

NiAl 58 140 21  35 20 300 28.35 48.2 S1 

NiAl 19 100 15.4 30 2 350 4 21.5 S2 

NiCe 19 100 15.4 30 2 350 4.25 22.1 S2 

NiAlMgLa 15 150 27 45 1 350 6.1 40.7 S3 

Ni35MgLa3Al 35 600 100 400 7 300 67 202 
This 

work 



 

Figure S9. Diffraction patterns of Ni25MgLa5Al, Ni50MgLa5Al and Ni35MgLa3Al catalysts after 

stability tests. Note that the presence of HT structure in Ni35MgLa3Al is because reconstruction after 

tests due to the exposure to the air. 

 

 
 

Figure S10. HRTEM/HAADF images of a) Ni50MgLa3Al, b) Ni35MgLa3Al, c) Ni25MgLa5Al and d) 

Ni50MgLa5Al spent catalysts. 

 

  



 

 

Figure S11. Raman spectra of Ni25MgLa5Al, Ni50MgLa5Al, Ni35MgLa3Al catalysts after catalytic 

tests. 

   



 

Figure S12. XPS spectra of C 1s region of Ni35MgLa3Al catalyst after indicated “in situ” treatments. 

Dots: Experimental data. Line: resulting fit. Shades: contribution of species considered for fitting 

(may include several peaks). 
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Figure S13. XPS spectra of O 1s region of Ni35MgLa3Al catalyst after indicated “in situ” treatments. 

Dots: Experimental data. Line: resulting fit. Shades: contribution of species considered for fitting 

(may include several peaks). 
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Figure S14. XPS spectra of Ni3p+Al2p region of Ni35MgLa3Al catalyst after indicated “in situ” 

treatments. Dots: Experimental data. Line resulting fit. Shades: contribution of species considered for 

fitting (may include several peaks). 
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Figure S15. Observable surface carbon species over Ni25MgLa5Al, Ni50MgLa5Al, Ni50MgLa3Al and 

Ni35MgLa3Al at 200, 250, 300, 350 and 400 °C with the in situ DRIFT spectra at the range of 4000–

1150 cm-1 recorded under a) 20 % CO2/Ar at 1 bar, b) 10 % CO2/10 % CH4, 40 % H2, 40 % He at 1 

bar and c) 10 % CO2/10 % CH4, 40 % H2, 40 % He at 7 bar. 

  



 

 

 

 

Figure S16. Thermodynamic equilibrium of the CO2 dissociation reaction (CO2(g) = 2 CO(g) + O2(g)). 

(a) Amount of CO2, CO and O2 species calculated at different pressures (1–100 bar) at 200 °C, and 

(b) amount of CO2, CO and O2 species calculated at different temperatures (100–4000 °C) at 7 bar. 

 

 

  



 

 

Figure S17. CO hydrogenation and CO2 hydrogenation over Ni35MgLa3Al at 200–350 °C at 1 bar 

with GHSV = 15,000 mL gcat−1 h−1. CO hydrogenation condition: CO/H2/He = 1/4/15 v/v, CO2 

hydrogenation condition: CO2/H2/He = 1/4/15 v/v. 
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