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Fig. S1 Optical photo of NCM sample after reduction under 4 vol% H2/N; at 600 °C for 30 min
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Fig. S2 (a) CO; conversion and (b) CO selectivity of the RWGS reaction over the 10NCM/ALOs catalyst at

450-600 °C under GHSV withing 180,000-540,000 mL-g"'-h-!.
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Fig. S3 (a) SEM image and (b) EDS element mappings of the freshly prepared 10NCM/Al>O3 catalyst.
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Fig. S4 XRD patterns for the freshly prepared I0NCM/Al>O3 catalyst, and NCM sample.
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Fig. S5 HR-TEM image of the reduced 10NCM/AL,O3 catalysts (inset: selected area electron diffraction

image).



Intensity (a.u.)

¢ Ni-Co Alloy
. & MnO
¢
@
%
‘-i‘JJ )
A L i 1 A L A " L i L "
20 30 40 50 60 70 80

26 (%)

Fig. S6 XRD pattern for the fully reduced NCM sample.
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Fig. S7 Valence band spectra of the reduced Ni/Al,O3, Ni-Co/Al,O3; and 10NCM/A1,Os3 catalysts.
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Fig. S8 Arrhenius plots of the CO; conversion rate during the RWGS reaction over the 10NCM/ALLO; and

10NCM(-Li)/Al>O3 catalysts at 450-600 °C.



Table S1 Elemental compositions of the NCM and NCM(-Li) samples (wz.%).

Sample Li Ni Co Mn

NCM 9.2 41.7 14.0 12.8

NCM(-Li) 0.6 46.3 13.7 13.1




Table S2 Elemental compositions of the oxidised M/ALO; catalysts (wt%).

Catalyst Al Ni Co Mn

Ni/ALLO; 58.3 9.4 - -

Co/ALLO3 59.5 - 6.7 -
Ni-Co/AL,O3 60.1 6.6 24 -

Ni-Co-Mn/AL,O3 60.5 6.0 2.1 2.0




Table S3 Summary of the optimal results of present work and relevant recent reports.

Catalyst GHSV Temperature CO: conversion Rvalue*  CO selectivity Reference
(mL-g"-h") (§®) (%) (%)
Ho/CO2 =1
NCM/ALOs 180 000 450 20 0.833 88 This work
500 27 0.931 95
550 32 0.941 99
600 36 0.960 100
Fes304 10 667 450 14 0.583 98 1
500 17 0.586 97
550 22 0.647 97
CuFe/ALOs 200 000 450 8 0.333 99 2
500 11 0.379 99
550 14 0.412 99
600 18 0.474 99
Ni/SBA-16 36 000 500 21 0.724 91 3
MoOs3/FAU 7 500 500 14 0.483 99 4
CuO/FAU 7 500 500 7 0.241 98
Fe304/FAU 7 500 500 6 0.207 98
NiO/FAU 7 500 500 17 0.586 45
Cu-MoO3/FAU 7 500 450 15 0.625 99
500 19 0.655 99
550 23 0.676 99
Pd-In/SiOz 60 000 450 0.2 0.008 100 5
500 0.6 0.021 100
550 3 0.088 100
600 9 0.237 100
Pd/SiO2 60 000 450 8 0.333 46
500 16 0.552 39
550 23 0.676 55
600 29 0.806 82
Lao.75Sr0.25FeO3 37500 550 16 0.471 95 6
Pt/ZSM-5 30 000 450 0.8 0.033 96 7
500 2 0.069 95
Pt/KLTL 30 000 450 7 0.292 99
500 13 0.448 97
K-Pt/KLTL 30 000 450 21 0.875 100
500 27 0.931 100
Pt/mullite 30 000 450 10 0.417 92 8
500 16 0.551 88
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550 23 0.676 84
K-Pt/mullite 30 000 450 21 0.875 100
500 26 0.897 99
550 31 0912 98
Pt-K/mullite 30 000 450 22 0.917 100
500 27 0.931 99
550 31 0912 98
H2/CO2=3
CuALO4 9960 450 28 0.560 99 9
500 33 0.647 99
Pt/Fe3Oa 432000 500 35 0.680 99 10
H2/CO2=4
Mo-P-Si02 12 000 450 5.8 0.092 100 11
500 13 0.224 97
550 21 0.350 100
600 34 0.523 92
Mo-P-ALO3 12 000 450 8.4 0.133 77
500 16 0.276 86
550 26 0.433 83
600 39 0.600 83
Mo-P-CeAl 12 000 450 6.8 0.108 100
500 14 0.241 89
550 25 0.417 88
600 35 0.538 86
Fe-Cu/CeO:- 60 000 450 51 0.810 100 12
ALO3 500 56 0.966 100
Co@SiO2 15 000 450 48 0.762 19 13
500 51 0.879 27
550 53 0.883 43
600 57 0.877 61
NiCo@SiO2 15 000 450 46 0.730 49
500 50 0.862 50
550 54 0.900 55
600 60 0.923 70

* R value is defined as the ratio of experimental CO> conversion to equilibrium CO; conversion.!
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Table S4 CO, conversion and CO selectivity of RWGS reaction over IONCM523/A1,03; and 10NCM811/A1,03

catalysts at 450-600 °C.

Catalyst Temperature (°C) CO; conversion (%) CO selectivity (%)
10NCM523/A1,03 450 18 89
500 25 95
550 31 100
600 35 100
10NCMS811/A1,03 450 20 88
500 28 94
550 32 99
600 37 100
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