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Figure S1. Evolution profiles of (a) CH, and (b) H,O during hydrogen temperature-programmed reduction (H,-TPR) of the
Co catalyst precursors with different Co loadings: (1) Co(10)/Mg-La, (2) Co(20)/Mg-La, (3) Co(30)/Mg-La, (4) Co(40)/Mg—
La, and (5) Co(50)/Mg—La.

The Hx-TPR profiles of the Co catalyst precursors indicated that the formation of CH; and H,O was completed at a
temperature of about 600 °C. The mass signal of m/z = 16 indicated the presence of methane, which was due to the
decomposition of lanthanum dioxide carbonate, accompanied by the formation of methane [1]. The mass signal of m/z = 18
indicated the presence of water, which was due to the reduction of Co oxide species to metallic Co and the methanation of
CO; [1].
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Figure S2. Nitrogen adsorption-desorption isotherm of the Mg—La support. The inset shows the corresponding BJH pore
size distribution curve. The nitrogen adsorption-desorption isotherm was obtained from the ASAP 2020 analyser, and the
surface area was calculated by Brunauer-Emmett—Teller (BET) method, pore size distribution and pore volume were

estimated by Barrett—Joyner—Halenda (BJH) method.
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Figure S3. Co particle size distributions obtained from STEM-EDX images of the Co catalysts with different Co loadings:
(a) Co(10)/Mg—La, (b) Co(20)/Mg-La, (c) Co(30)/Mg—La, (d) Co(40)/Mg-La, and (e) Co(50)/Mg-La.
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Figure S4. (a) HAADF-STEM image of Co(10)/Mg—La catalyst and corresponding EDX distribution maps of (b) Co-K, (c)

Mg-K, (d) La-L, (e) O-K, and (f) reconstructed overlay image of Co, Mg, and La.
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Figure S5. (a) HAADF-STEM image of Co(20)/Mg-La catalyst and corresponding EDX distribution maps of (b) Co-K, (c)
Mg-K, (d) La-L, (e) O-K, and (f) reconstructed overlay image of Co, Mg, and La.
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Figure S6. (a) HAADF-STEM image Co(30)/Mg—La catalyst and corresponding EDX distribution maps of (b) Co-K, (c) Mg-
K, (d) La-L, (e) O-K, and (f) reconstructed overlay image of Co, Mg, and La.
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Figure S7. (a) HAADF-STEM image of Co(40)/Mg—La catalyst and corresponding EDX distribution maps of (b) Co-K, (c)
Mg-K, (d) La-L, (e) O-K, and (f) reconstructed overlay image of Co, Mg, and La.
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Figure S8. (a) HAADF-STEM image of Co(50)/Mg—La catalyst and corresponding EDX distribution maps of (b) Co-K, (c)
Mg-K, (d) La-L, (e) O-K, and (f) reconstructed overlay image of Co, Mg, and La.
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Figure S9. TEM images of the Co catalysts with different Co loadings: (a) Co(10)/Mg-La, (b) Co(20)/Mg—La, (c) Co(30)/Mg—
La, (d) Co(40)/Mg-La, and (e) Co(50)/Mg—La.
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Figure S$10. XPS La 3d spectra of the Co catalysts with different Co loadings.
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Figure S11. XPS Co 2p spectra of the Co catalysts with different Co loadings.
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Figure S$12. Arrhenius plots for the rate of ammonia synthesis at 6.3 MPa over the Co catalysts with different Co loadings.

Table S1. Composition of the Co catalysts obtained by ICP-AES.

Chemical composition (wt%)

Entry Catalyst

Co Mg La
1 Co(10)/Mg—La 10.6 38.1 28.1
2 Co(20)/Mg—La 21.2 34.1 249
3 Co(30)/Mg—La 30.7 28.9 19.9
4 Co(40)/Mg—La 41.1 24 4 16.6
5 Co(50)/Mg—La 50.4 20.7 15.1
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Table S2. Comparison of the catalytic performance for NH; synthesis of different catalysts.

Entry Catalyst Metal @ Promoter 2 Ega;ction temperature z?l\;elggt)ion pressure S;ascgc:;ie:llgcii}y b z\ln?naw ;l);:tahgii;rﬁf)c Reference
(ML geat™" h7")

1 Ba-Ru-Li/AC Ru (5 wt%) Li (8 wt%) + Ba (5 wt%) 459 3 62400 106 [2]

2 Ru/MgO Ru (4 wt%) — 400 5 — 7 [3]

3 Ru/BaTiO; Ru (4 wt%) — 400 5 — 16 [3]

4 Ru/CeO, Ru (4 wt%) — 400 5 — 9 [3]

5 Ru/CeOq-r Ru (10 wt%) — 400 10 233300 115 [4]

6 Ru/La;Ce,07 Ru (4 wt%) — 425 10 — 53 [5]

7 FexO Fe (70 wt%) Al + Ca + K (<10 wt%) 430 3 7200 12 [6]

8 Fe304 Fe (70 wt%) Al + Ca+ K (<10 wt%) 430 3 7200 9 [6]

9 FeOOH-K/AI, O3 Fe (22wt%) K (5 wt%) 500 9 12000 29 [7]

10 2%Cs-FePc Fe (19 wt%)  Cs (2 wt%) 400 7 12000 20 [8]

11 10%Cs-FePc Fe (19 wt%)  Cs (10 wt%) 400 7 12000 26 [8]

12 Fe1xO (ZA-5) Fe Al+Ca+K+ ... 400 10 10000 19 [9,10]

13 Co/Ba Co (73 wt%) Ba (12 wt%) 400 6.3 170300 51 [11]

14 Col/La/Ba Co (59 wt%)  Ba (11 wt%) + La (7 wt%) 400 6.3 137700 76 [11]

15 Co/CeO,-H Co (7 wt%) — 400 10 240000 35 [12]

16 Co/Ce0O, Co (6 wt%) — 400 10 — 12 [13]

17 Ba-Co/CeO, Co (6 wt%) Ba (3 wt%) 400 10 — 15 [13]

18 K-Co/CeO, Co (6 wt%) K (9 wt%) 400 10 — 3 [13]

19 Co(10)/Mg-La Co (10 wt%) — 400 6.3 140000 16 This work

20 Co(20)/Mg-La Co (20 wt%) — 400 6.3 140000 24 This work

21 Co(30)/Mg—La Co (30 wt%) — 400 6.3 140000 32 This work

22 Co(40)/Mg-La Co (40 wt%) — 400 6.3 140000 40 This work

23 Co(50)/Mg—La Co (50 wt%) — 400 6.3 140000 38 This work

a Rounded to the nearest 1 wt%. b Rounded to the nearest 100 mL g h~'. ¢ Rounded to the nearest 1 MmOl Jeat ' h?
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