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Fig. S1: The variation of CO conversion and product selectivity with time on stream
over MoS,/Cepglag0¢5-250 (A), NiS,/Cepgolag;0¢s-250 (B), and Ni-
MoS,/Cegglag 10 05-250 (C). Reaction condition: T =380 °C, P = 3.5 MPa, CO/H, =
2 and WHSV = 5000 mL/(g-h). And the light alkanes selectivities in the CO
conversion reaction published in the previous studies'-.
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Fig. S2: N, adsorption-desorption isotherms (A) and pore size distributions (B) of the
Ceo_gLa0_100_05 support, MOSz/CeoigLao_100.05-250, NiSX/CeolgLao_100_05—250, Ni-
MOSz/CeolgLao_100_05-250, and the Ni-MOSz/Ceo_gLaQA100.05-450.

Fig. S3: HAADF TEM image of Ni-MoS,/Cey9La(10195-250 (A), and EDX mapping
of Ce (B), La (C), and O (D).
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Fig. S4: The DRIFT spectra of CO adsorption (I) and desorption (II) over
NiSX/Ceo,gLa0.101_95-250 (A), MoSz/Ceo_gLa0_101_95-250 (B), Ni-MOSz/Ce().gLao_loll%-
250 (C), and Ni-MOSz/CCO.gLaQ.101.95-450 (D)
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Fig. SS: The effect of sulfidation temperature (A: 250 °C, B: 300 °C, C: 350 °C, D:
400 °C, E: 450 °C) on the time on-stream conversion of CO and product selectivity
over Ni-MoS,/Cegol.ag 10 o5. Reaction condition: T = 380 °C, P = 3.5 MPa, CO/H, =
2 and WHSV = 5000 mL/(gh).
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Fig. S6: The hydrocarbon selectivities (yellow bar: CHy, red bar: C,~C, light alkanes,
blue bar: olefins, green bar: Cs* hydrocarbons) and CO conversions as a function of
reaction temperatures (340-420 °C) over Ni-MoS,/Ceyg9la;10;95-250 (A) and Ni-
MoS,/Cepglag10,95-450 (B). Reaction condition: P = 3.5 MPa, CO/H, = 2 and

WHSV = 5000 mL/(g-h).

(B)
909
(a)
(b)
M AAN A AN Y
(c)
924

380 400 420 800 900 1000
Raman shift (cm”)  Raman shift (cm™)
Fig. S7: Raman spectra ranging from 380 to 420 cm™! (A) and 800 to 1000 cm™! (B)

over the Ni-MOSz/CCo.gLaO.101.95-250 (a), the Ni-MOSz/CeolgLao.lol_95-450 (b)
catalysts, and the NiMo-oxide/Ceg9La, 10 95 precursor (c).
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Fig. S8: Histograms of the layer stacking (I) and length (II) over Ni-
MoS,/Cegglag101.95-250 (A) and Ni-MoS,/CejglLag10.95-450 catalysts (B).



Table S1: The support effect on the catalytic performance in the reaction over the
supported MoS,. Reaction condition: T = 380 °C, P = 3.5 MPa, CO/H, = 2 and

WHSV = 5000 mL/(g-h).

Hydrocarbon selectivity (%)

Catalysts() Xco €02 Reo
(%)  CHy Cp° Cy Cp Cp-Cp Ole. Cso (%) ()

MoS,/MgO 74 567 323 91 15 429 04 0 480 74
MoS,/MgO-AlLO5 144 641 290 57 06 353 04 03 482 145
MoS,/AlLLO; 143 625 300 6.7 07 374 01 0 472 144
MoS,/CeO, 103 594 349 38 03 390 16 0 485 103
MoS,/CegoLag Og0s 173  57.1 375 42 04 420 08 0 484 174
MoS,/La;05 85 641 294 31 05 330 25 05 482 86

(1) Sulfidation condition: 450 °C for 300 min.

Table S2: Catalytic performances over Ceglag 095 supported NiS;, MoS, and Ni-
MoS,. Reaction condition: T = 380 °C, P = 3.5 MPa, CO/H, = 2 and WHSV = 5000

mL/(g-h).
Xco Hydrocarbon selectivity (%) CO, Reo
Catalysts() . 0 1
(%) CH, € C CpP Cr-Cp Ole. G5+ (0) ()
NiS,/CegoLag 10;.95-250 3.7 213 394 163 4.0 60.0 138 52 498 -
Ni-MoS,/Ceg9Laj 01.95-250 25.1 214 420 276 62 759 12 1.6 477 454

(1) Sulfidation condition: 450 °C for 300 min.



Table S3: H, consumption in the H,-TPR analysis of the oxide precursors

Samples Support®)  MoO;/Support) NiO/Support) NiMo oxide/Support()
H; consumption (mol/g)  111.7 144.9 509.7 363.9

(1) Support: CegoLag 0195

Table S4: The effect of support composition (Ce and La content) on the catalytic
performance over the supported Ni-MoS,. Reaction condition: T = 380 °C, P = 3.5
MPa, CO/H; =2 and WHSV = 5000 mL/(g-h).

Xco Hydrocarbon selectivity (%) CO, Reo

Catalysts) . . »
(%)  CH, Cy C3¢ Cp°0 Cr-Cp Ole. Cs+ (%) (b

Ni-MoS,/Ceq95La0 0501975 10.7 20.5 31.0 29.5 10.1 704 5.6 35 49.1 11.0
Ni-MoS,/CeLag 101 95 10.6 18.1 30.0 31.0 11.2 722 6.1 3.7 493 109
Ni-MoS,/CeysLag20; 9 8.7 22.1 313 276 89 679 69 3.1 491 89

(1) Sulfidation condition: 450 °C for 300 min.

Table S5: An optimization of the loading of Mo and Ni for the reaction over Ni-
MoS,/Cegolag 101 95-450. Reaction condition: T = 380 °C, P = 3.5 MPa, CO/H, = 2
and WHSV = 5000 mL/(g-h).

Xco Hydrocarbon selectivity (%) CO, Reo

(%) CH, GC° Ci¢ Cp°0 Co-Cp Ole. Cst (%) (hh)

NiO®  MoO;(

10 % 5% 10.9 18.6 314 277 94 684 89 41 482 39.0
10 % 10 % 12.6 199 313 315 11.1 739 50 12 493 236
10 % 15 % 11.3 18.0 294 30.1 105 700 84 3.7 493 148
10 % 20 % 9.1 20.8 312 288 100 700 7.7 1.6 495 93
1.0 % 10 % 17.2 305 434 213 28 675 20 O 483 30.7
2.5% 10 % 17.8 224 345 309 95 748 28 0 49.8 322
5.0% 10 % 14.8 209 341 286 88 715 56 21 489 27.1
7.5% 10 % 14.3 194 324 324 11.1 759 47 12 497 265

(1) Sulfidation condition: 450 °C for 300 min.



Table S6: The effect of sulfidation time on the catalytic performance for the reaction
over Ni-MoS,/Cegolag 01 95-450. Reaction condition: T = 380 °C, P = 3.5 MPa,
CO/H; =2 and WHSV = 5000 mL/(g"h).

Xco Hydrocarbon selectivity (%) CO, Reo

Sulfidation time . . |
(A)) CH4 Czo C30 C4° CQO-C4O Ole. C5+ (A)) (h- )

200 min 17.0 214 347 284 89 720 43 2.8 483 306
300 min 17.9 22.1 345 321 86 751 28 0 495 325
400 min 17.8 224 345 309 95 748 28 0 497 322

(1) Sulfidation temperature: 450 °C.

Table S7: The effect of sulfidation temperature on the catalytic performance for the
reaction over Ni-MoS,/Cej9Lag 101 95. Reaction condition: T = 380 °C, P = 3.5 MPa,
CO/H; =2 and WHSV = 5000 mL/(g-h).

Xco Hydrocarbon selectivity (%) CO, Reo

Catalysts() . . |
(%) CHy Cp C¢ Cgo Cp-Ceo Ole. C5+ (%0) ()

Ni-MoS,/Cepglag 095-250  25.1 214 420 27.6 62 759 12 1.6 477 454
Ni-MoS,/CepoLag 0;95-300  24.8 22.6 413 27.6 6.7 757 0.7 1.0 479 45.0
Ni-MoS,/CegoLlag0195-350  24.0 23.0 394 28,6 7.1 751 0.5 13 484 433
Ni-MoS,/CegoLag ;0 95-400 19.6 22.1 358 29.6 94 748 1.0 2.2 485 357
Ni-MoS,/Cegg9Lag 10;.95-450 17.9 22.1 345 321 86 751 08 2.0 495 325

(1) Sulfidation time: 300 min.



Table S8: The effect of CO/H, and pressure on the catalytic performance for the
reaction over Ni-MoS,/Cegolag0;95-250. Reaction condition: T = 380 °C and
WHSV = 3125-5000 mL/(g-h).

Pressure Xco Hydrocarbon selectivity (%) CO, Reo
wpay SO0 CH, C° G Cp Co-Cp Ole. Cs+ (%) (b
3.5 0.5 28.9 333 412 199 39 650 092 0.7 473 524
3.5 1 32.6 337 419 201 34 653 09 0.1 474 59.1
3.5 2 25.1 214 420 276 62 759 12 1.6 477 454
25 2 21.5 237 442 276 31 748 15 0 490 389
3.5 2 25.1 214 420 276 62 759 12 1.6 477 454
45 2 24.8 21,5 416 288 58 762 1.0 135 489 448
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