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Figure S1. XRD diffractograms of the different supports and equivalent 5% wt. Ni-based

‘ 5,000 counts

catalysts.
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Figure S2. Magnification of specific ranges to highlight the presence of the peaks (¢)
associated with the presence of NiO at 20 = 37.40° and 43.46°.
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Figure S3. Thermogravimetric differential analysis for: (a) the support precursors for
LaAlO; before the calcination, and the Ni-impregnated LaAlO; supports with different
metallic loadings: (b) 5 wt. %; (c) 10 wt. %; (b) 15 wt. %.
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Figure S4. TEM images of: (a) LaAlO;; (b) 5Ni/LaAlO;-ex R; (¢) 15Ni/LaAlO;<PR>.



Figure S5. EDS-TEM results for the 15Ni/LaAlO; R and the response obtained for
different elements: Al (cerulean); La (green) and Ni (purple).
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Figure S6. (a) XRD diffractograms of the calcined LaAlOs-based catalysts prepared by
different methods and metallic content. (b) Magnification of the region between 20 =

30° and 70° to highlight diffraction peaks related to the presence of the NiO phase.
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Figure S7. (a) Comparison of the XRD diffractograms of the reduced version of the 5%
wt. catalysts with the calcined ones for the different supports and zoom-in of the region

between 20 = 30° and 65° for the (b) 5Ni/Al,O5;_ R and (c¢) 5Ni/La,O;_R catalysts.
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Figure S8. (a) XRD diffractograms of the reduced LaAlO;-based catalysts. (b)

Magnification of the region between 26 = 30° and 70° to highlight the presence of

diffraction peaks related to the presence of the Ni® phase.
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Figure S9. Size distribution for Ni° particles obtained, normal fit and average size for (a)
5Ni/La,0;_R; (b) 5Ni/ALO; R, (c) 5NiLaAlOs-ex R, (d) S5SNi/LaAlOs; R; (e)
10Ni/LaAlO;_R, and (f) 15Ni/LaAlO;_R. 200 particles were measured for each one using
the TEM images treated with the ImagelJ software.
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Figure S10. Time-resolved in-situ FT-IR transmission measurements for the

15Ni/LaAlOj; catalyst during (a) CO, exposition and (b) subsequent H, exposition. Full

range between 900 and 3800 cm™!.
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Figure S11. Simplified representation of the mechanistic pathways that might take for

the CO, methanation, which can follow either the associative or the dissociative pathway.
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Figure S12. Dependence of CO, conversion as a function of the weight hourly speed
velocity (WHSV). The corresponding time of contact (1) of the reactants with the active

phase is indicated. Reaction conditions: 320 °C, 1 atm, molar H,/CO, = 4.
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Figure S13. TEM images of the 15Ni/LaAlO3;<ST>, i.e., after the 12-hour stability tests
in which the catalyst was employed for CO, methanation with a sweetened biogas

sample.
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Figure S14. (a) XRD diffractogram of the 15Ni/LaAlOj; catalyst after the stability test

in comparison with the reduced catalyst and the bare support. (b) Zoom-in to highlight
the presence of the Ni® phase peaks.
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Table S1. Elemental weight percentage for lanthanum aluminate samples, as

determined by ICP-OES , and La/Al molar ratio.

La(%) Al (%) Ni (%) La/Al molar ratio
La,0; 84.0 - - -
5Ni/La203 78.5 - 54 -
AL O3 - 50.8 - -
SNi/ALO4 - 47.5 5.6 -

LaAlO, 64.7 12.7 n/a 0.987
5Ni/LaAlO; 59.4 11.7 54 0.983
10Ni/LaAlOs 571 11.0 10.8 1.007
15Ni/LaAlOs 53.5 10.5 15.5 0.988

5NiLaAlOs-ex 63.9 12.2 4.9 1.018




Table S2. CO,-TPD deconvolution for the concentration of weak (50 — 150 °C), moderate
(150-400 °C) and strong (400-900 °C) basic sites and total basicity for the different
supports and catalysts.

Sample Deconvolution (mmol CO, g) Total basicity

Weak Moderate (Bcoz) Strong (mmol CO, g™)
ALO; 0.08 1.31 0.24 1.63
La,0; 0.11 0.45 1.69 2.25
LaAlO; 0 2.32 0.95 3.27
SN/AL,O; R 0.04 0.91 1.35 2.30
5Ni/La,03_ R 0.05 0.62 1.40 2.07
5NiLaAlO;-ex R 0 2.64 1.12 3.76
5Ni/LaAlO; R 0 3.03 1.25 4.28
10Ni/LaAlO; R 0 3.30 1.29 4.59
15Ni/LaAlOs; R 0 3.36 1.26 4.62
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Table S3. Vibration modes for different species in the 15Ni/LaAlO; catalyst and

corresponding wavenumber.

Vibration mode Wavenumber (cm™) Reference
linear Ni’-CO 2026 Cardenas-Arenas et al.!
bridge Ni’-CO 1918 Cardenas-Arenas et al.!

multi-bonded Ni’-CO 1859 Cardenas-Arenas et al.!
CHy 3016/1302 Cerda Moreno et al.?
v(C=0) monodentate 1653/1609 Cerda Moreno et al.?
carbonate
v(C=0) bidentate carbonate 1495 Lorber et al. 3
v(C=0) formate 1378 Lietal?
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