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Supplementary Figures
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Supplementary Fig. 1 | Detailed olefins distribution of Na-Ru/SiO2. Olefins

distribution in the carbon number range of Cz.4, Cs.11, Ci2-18 and Cig+.

The Na-Ru/SiO- catalyst exhibits a narrower carbon distribution compared with the
classical FT catalysts. The fraction of lower olefins (C2.47) accounts for 25.5%, which
is commonly used for bulk chemicals. While the fraction of Cs.11 olefins reaches 57.8%,
and can be widely used as raw materials and/or intermediates for production of
chemicals such as lubricant, plasticizer and surfactant. In addition, the Ci-1s Slate

olefins with fraction of 16.4% favors the production of detergent.
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Supplementary Fig. 2 | Stability test. Catalytic performance of Ru/SiO; (a) and Na-
Ru/SiOz (b) catalysts with time on stream. Reaction conditions: 533 K, 3000 mL gcat.”
1 11, 1 MPa, H2/CO ratio of 2.

The stability test of Ru/SiO2 and Na-Ru/SiO> was carried out at the same reaction
conditions. As can be seen, the catalytic performance for both Ru/SiO; and Na-Ru/SiO:

catalysts remained stable within 50 h.
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Supplementary Fig. 3 | Stability test of Na-2%Ru(P)/SiO: catalyst. Reaction
conditions: 533 K, 3000 mL gea. ™t ©%, 1 MPa, H2/CO ratio of 2.

The reaction effluent of Na-2%Ru(P)/SiO; catalyst was analyzed at different time-
on-stream and the intrinsic TOF was calculated to be as high as ~0.200 s™. Excellent
stability over Na-2%Ru(P)/SiO2 was obtained and olefins selectivity remained high in

the range of 75-80% along with the ultralow total selectivity to CH4 and CO> (< 5%).
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Supplementary Fig. 4 | Product distribution of Ru/SiO2 catalyst. Detailed product
selectivity and the ASF distribution of hydrocarbons over Ru/SiO; catalyst. Reaction

conditions: 533 K, 3000 mL gea. ! ©t, 1 MPa, H2/CO ratio of 2.

As can be seen from Supplementary Fig. 4, the paraffins were the dominated
products over Ru/SiO; catalyst. The as-obtained linearly carbon distribution followed
the Anderson-Schulz-Flory (ASF) rule, and the chain-growth probability (o) for
hydrocarbon products was as high as 0.87. This phenomenon suggests that the Ru/SiO-

catalyst is very suitable for the production of saturated hydrocarbons.
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Supplementary Fig. 5 | Comparison of catalytic performance at similar CO
conversion level over Ru/SiO2 and Na-Ru/SiO: catalysts. Reaction conditions: 533
K, 3000 mL gea ™t h (RU/SiOz), and 1500 mL gea ™ h (0.5Na-Ru/SiOz), 1 MPa,
H2/CO ratio of 2.

The product selectivity was compared at similar high CO conversion (~70%) level
for Ru/SiO2 and Na-Ru/SiO; catalysts. Obviously, the high olefins selectivity (~76%)
with limited C1 byproducts selectivity were still maintained even at high CO
conversion for Na-Ru/SiO2, while the Ru/SiO2 mainly produced saturated paraffins,
demonstrating that the Na-Ru/SiO- catalyst is suitable for the production of olefins

whatever the CO conversion level.
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Supplementary Fig. 6 | Chain growth mechanism. The carbon chain growth of

Fischer-Tropsch synthesis based on the widely accepted carbide mechanism?, and the

chain growth is terminated by -hydride elimination or hydrogenation.
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Supplementary Fig. 7 | Effect of reaction temperature. Catalytic performance of

Ru/SiO> (a) and Na-Ru/SiO> (b) at various reaction temperatures.

As shown in Supplementary Fig. 7, the Ru/SiO2 and Na-Ru/SiO: catalysts showed

a quite different product selectivity at any reaction temperature, whereas saturated

hydrocarbons dominated the products for the former, while olefins were always the

primary products over Na-Ru/SiO. Increasing reaction temperature can increase CO

conversion for both samples. Compared with Ru/SiO>, olefins yield was substantially

enhanced for Na-Ru/SiO- at high reaction temperature. These results suggested that the

Na promoter can greatly accelerate olefins production for Ru-based Fischer-Tropsch

synthesis.
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Supplementary Fig. 8 | XRD characterization. (a) In situ XRD patterns of Na-
Ru/SiO; catalyst during stepwise reduction and reaction process at temperature ranging

from room temperature to 573 K. (b) XRD patterns of Ru/SiO; at different stages.

For Na-Ru/SiO; catalyst, the phase was gradually transformed from RuO2 (JCPDS
43-1027) to metallic Ru (JCPDS 06-0663) with the increase of reduction temperature
or reduction time. As shown in Supplementary Fig. 8b, the XRD pattern of the reduced
sample indicated ruthenium oxide (RuO2) was completely reduced to metallic Ru (Ru°).
After prolonged exposure to reaction conditions, obvious peaks for Ru® phase could be

detected for both the unpromoted Ru/SiO2 and Na-Ru/SiO2 samples.
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Supplementary Fig. 9 | (HR)TEM characterization. (HR)TEM images and size
distribution of Ru nanoparticles for Ru/SiO> at different stages. (a) Ru/SiO- catalyst
after reduction at 723 K for 4 h in pure H flow. (b) Ru/SiO; catalyst after reaction in
syngas at 533 K. [Insets: Lattice fringes with distance of 2.05 A corresponding to the
Ru (101) crystal plane.]

Representative TEM images obtained from the reduced and spent Ru/SiO> samples
are presented in Supplementary Fig. 9. The inset HRTEM images revealed an ordered
crystal structure with interplanar distance of 2.05 A, which was constant with that of
the hcp (101) plane of metallic Ru. The average particle size of Ru NPs in unpromoted
Ru/SiO, sample after reduction was close to 8 nm and a distribution of Ru NPs with
size of 8.4 nm was observed for the spent Ru/SiO> catalyst. Comparing with Na-
Ru/SiO» (Fig. 2b), the sodium promoter is beneficial to improve the dispersion of Ru

NPs.
11
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Supplementary Fig. 10 | EXAFS characterization. Fourier transforms of the k-
weighted EXAFS of Ru K-edge for Ru foil, RuOz2, reduced Ru/SiO. and reduced Na-
Ru/SiO; catalysts.

The Ru K-edge Fourier transformed EXAFS spectra of the reduced Ru/SiO> and Na-
Ru/SiO; catalysts were substantially different from that of RuO2 and very close to that
of Ru foil. The strongest shell peak of the EXAFS spectra attributed to Ru-Ru pair ~2.4
A appeared in both Na-Ru/SiO, and Ru/SiO, samples, indicating the existence of Ru

metal phase for these two cases.

12
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Supplementary Fig. 11 | In situ XANES characterization. Ru K-edge X-ray

absorption near-edge structure (XANES) spectra of Na-Ru/SiO, sample during

stepwise reduction (H2-298 K — H»-423 K— H»-573 K) and FTO reaction process

(H2/CO-533 K).
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Supplementary Fig. 12 | HAADF-STEM characterization and EDX elemental
mapping. (a) reduced Na-Ru/SiO2, (b) spent Na-Ru/SiO-, (c) spent Ru/SiO2 and (d)
spent 2Na-Ru/SiO> catalyst. Ru (green), Na (red), Si (orange).

14
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Supplementary Fig. 13 | XPS spectra. XPS profiles in the Ru 3d for Ru/SiO; (a) and

Na-Ru/SiO> (b) after calcination in air atmosphere.
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Nay(le]) 6.17 6.26
Na,(|e]) 6.19 6.26
O(le|) 7.00 7.48
Total(|e|) 19.36 20.00
nElect Loss 0.64

Supplementary Fig. 14 | Charge density difference calculation. (Left) The side
views of NaO charge density difference for Na,O/Ru (0001). Atoms outside the
calculation unit cell are depicted as smaller spheres; purple is Na, red is O and loden is
Ru. (Right) Calculated number of valence electrons from Bader charge analysis, where

each Na atom has 4 core electrons (1s?2s?) and each O atom has 2 core electrons (1s?).

Charge density difference calculations showed electron transfer from the Na,O
cluster to the Ru (0001) surface. Bader charge analysis showed that for the isolated
Na20 cluster, the oxygen atom obtained electron from the coordinated Na atoms with
the calculated Bader charge value of -1.48 |e|. When Na.O was located on the Ru (0001)
surface, electrons were predicted to be transferred from Na>O to Ru substrate, and the
Bader charge value of the oxygen atom was calculated to be -1.00 |e|. The above results
suggested that the Na atoms lose electrons to O in Na>O, and when NaO was anchored
on the Ru (0001) surface, electrons accumulated at the O atom decreased due to electron

transfer to Ru surface.

16
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Supplementary Fig. 15 | H2-TPR characterization. H>-TPR profiles of the calcined
Ru/SiO» catalysts with different Na/Ru molar ratio.

As shown in Supplementary Fig. 15, an obvious H2 consumption peak was observed
in Ho-temperature-programmed reduction (H2-TPR) profiles, which is originated from
the reduction of RuO, to metallic Ru. With the increase of doping amount of Na
promoter, the reduction peak progressively shifted to higher temperature, suggesting

that the sodium promoter greatly retarded the reduction of RuO..

17
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Supplementary Fig. 16 | In situ DRIFT spectra. Evolution of COaq species during Hz flow at
533 K as determined using in situ DRIFT spectra over Ru/SiOz (a, c) and Na-Ru/SiO2 (b, d)
catalysts.

As shown in Supplementary Fig. 16, after the saturated-absorption of CO, the flow was switched
to 25%Hz/Ar (10 mL min Hz, 30 mL/min Ar) at 533 K. The evolution of CO-DRIFTS spectra at
initial 20 min over Ru/SiO2 (Supplementary Fig. 16 a) and Na-Ru/SiO> (Supplementary Fig. 16 b)
was recorded. For these two cases, the consumption of COa on metallic Ru NPs was clearly
observed. Simultaneously, the characteristic peak of CH4 at 3015 cm™ gradually appeared and then
finally disappeared (Supplementary Fig. 16 c~d), which derived from the hydrogenation of surface
carbon species obtained via CO dissociation. However, the peak intensity of remaining COad
species over Na-Ru/SiO2 was stronger than that of Ru/SiO2, suggesting that the COaq Species were
strongly bonded on Ru surface of Na-Ru/SiO.. Inversely, a much stronger peak intensity of CHs
for Ru/SiO> than that of Na-Ru/SiO2 confirmed that the surface carbon species tended to be
hydrogenated over Ru/SiO2. These results indicated that the Na doping can strengthen the CO

adsorption capacity while suppressing the hydrogenation ability of Ru-based catalyst.

18
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Supplementary Fig. 17 | CO-TPSR characterization. MS signals of methane during CO-TPSR
test over Ru/SiO2 and Na-Ru/SiO; catalysts.

As shown in Supplementary Fig. 17, the surface carbon species obtained via dissociation of
COad species can be hydrogenated to form CHa during temperature-programmed process under the
flow of Hz. The preferential appearance of CHs signal suggested the hydrogenation ability of H>
over Ru/SiOz was much stronger than that of Na-Ru/SiO». Simultaneously, the higher peak area
and intensity of CH4 signal for Na-Ru/SiO2 confirmed more CO can be adsorbed and activated

over the Na-doped samples?, in line with the result obtained in Supplementary Fig. 16.

19
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Supplementary Fig. 18 | Pulse experiment. Transient response curves obtained during pulses of
CsHs into a flow of diluted Hz (10% H2,90% Ar, 20 mL min™) at 533 K for Na-Ru/SiO; (a) and
Ru/SiO; (b) catalysts. Before the pulse of CsHe, the samples were reduced by hydrogen at 723 K
and then reacted in syngas at 533 K for 1 h. R denotes the integrated peak area ratio of CzHs/C3Hs
detected by mass spectrometer.
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Supplementary Fig. 19 | Ethene co-feeding experiments. Comparison of ethene/ethane ratio
before and after the addition of ethene to the feed gas over Ru/SiO2 and Na-Ru/SiO; catalysts at
533 K, 1.0 MPa, H,/CO ratio of 2.

As shown in Supplementary Fig. 19, the added ethene was totally hydrogenated to ethane over
aworking Ru/SiO; catalyst, resulting in a very low ratio of ethene/ethane (0.8). As for Na-Ru/SiO2,
however, the added ethene was almost remained, leading to a high ethene/ethane ratio up to 113.9.
It was demonstrated that ethene readily desorbed on the Na-Ru/SiO2, and the hydrogenation of
ethene to ethane was also significantly hindered. Obviously, the reactivity of chemisorbed H> was

greatly reduced with the addition of Na promoter into the Ru/SiO; catalyst.
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Supplementary Fig. 20 | IR spectra of C2H4 adsorption. Infrared study of C>Hs adsorbed on
Ru/SiO2 and Na-Ru/SiO; catalysts using DRIFTS at 533 K.

Supplementary Fig. 20 presents the DRIFT spectra of C2H4 adsorption. The peak at 2969 cm™

was assigned to the m-bounded ethylene on Ru sites, and the peaks at 2933 and 2879 cm™ were

attributed to di-c-bounded ethylene on Ru sites®. Obviously, the peaks intensity for di-c-bounded

ethylene over Ru/SiO2 was stronger than that over Na-Ru/SiOz, indicating that the introduction of

Na promoter inhibited the adsorption of C2Ha.
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Supplementary Fig. 21 | Optimized geometries of adsorbed ethylene. (a) Ru (0001) surface,

and (b) Na2O/Ru (0001) surface.

The adsorption energies of ethylene chemisorption on the top Ru were calculated to be -1.09

eV and -0.75 eV before and after introducing Na2O, respectively.
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Supplementary Fig. 22 | Water-gas-shift probe reaction. The evolution of TOF and CO:
selectivity over Na-Ru/SiO> catalyst before and after the introduction of H>O into the reaction
system at 533 K and 1 MPa.
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Supplementary Fig. 24 | Thermogravimetric (TG) curves. TG analysis of pure PVP, Na-

2%Ru(P)/SiO2 sample dried at 353 K (Na-2%Ru(P)/SiO2-353dry) and Na-2%Ru(P)/SiO, sample

calcined at 673 K (Na-2%Ru(P)/SiO2-673cal).

Na-2%Ru(P)/SiO2-353dry showed an obvious weight loss due to the consumption of PVP with
the increase of temperature. However, for Na-2%Ru(P)/SiO2-673cal, no weight loss can be

observed, suggesting that PVVP was completely removed during the calcination process.
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Supplementary Fig. 25 | Comparison of detailed catalytic results evaluated in a pilot-scale
reactor and microreactor. (a) CO conversion and product selectivity. (b) ASF distribution and
chain-growth probability (a) and (c, d) hydrocarbons distribution of the Na-2%Ru(P)/SiO> catalyst
in the pilot-scale reactor (c) and microreactor (d). Reaction conditions: 538 K, 1.0 MPa, 3000
mL gear ™ 't and H2/CO ratio of 2.

The Na-2%Ru(P)/SiO. catalyst was evaluated in a pilot-scale reactor (12 — 20 mesh) and
microreactor (40 — 60 mesh), respectively, under reaction conditions of 538 K, 1.0 MPa, 3000
mL gear ™t L, H2/CO ratio of 2. As shown in Supplementary Fig. 25, the olefins selectivity in total
products reached up to 72.5% while the sum selectivity of undesired CH4 and CO2 was suppressed
within 5% at CO conversion of 40.5% and TOF of 0.312 st in the pilot-scale reactor, which is
very similar to that in microreactor. The CHjs selectivity for both reactors were much lower than
the value predicated by the classic ASF model. Moreover, a chain-growth probability at around
0.76 was obtained in both pilot-scale reactor and microreactor, demonstrating the as-obtained
catalyst is very suitable to produce long-chain olefins. In addition, a similar hydrocarbon
distribution was also obtained, confirming that the pellet Na-2%Ru(P)/SiO> catalyst shows a

27



promising industrial application with high olefins yield and low fraction of undesired C1 by-

products.
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Supplementary Tables

Supplementary Table 1. Comparison of catalytic performance with previous works.

ey GRS T P HICO WHS.\ll § C(c:mo - Reaction iati Product Selectivity (%) S
category (K) (MPa) ratio (ML gg ' h™h) %) (Moleo G ™ H7™) CO, CH, CLCO#CH,) Olfins Others yield (%)
1 ZnCr0,/IMSAPO 673 25 25 5143 17.0 0.0112 70 12 22 @2 106 80 ®)
2 _ ZnZr0,/SAPO 673 1 2 3600 95 0.0051 450 60 51.0 u7r 143 3% @
3 g:(')?:e ZnCro,/MOR 673 25 25 1857 120 0.0028 450 28 478 ue 82 5.3 ®)
4 ZNALO,[SAPO-34 663 4 1 12000 6.9 0.0185 3B1 37 36.8 515 117 36 ©)
5 MnO,/SAPO 673 25 25 4800 85 0.0052 20 20 430 467 103 40 (10)
6 Fe-Zn-0.81Na 613 2 27 60000 77.2 0.5589 280 97 327 602 71 465 an)
7 FeMn@Sic 508 3 2 4000 56.1 0.0334 130 100 230 653 117 366 12
8 Fe/a-ALO; 613 2 1 1500° 80.0 - 00 66 466 318 216 254 @3)
9 Fe-KINCNTSs 573 01 1 4200 165 0.0155 286 173 209 ar 114 a9 (14)
Fobaseq | FEMNCNC 623 01 1 12000 35 0.0094 394 250 64.4 28 28 110 (15)
Mn/Fe;0, 503 1 1 4480 a5 0.0415 378 97 415 374 151 155 @6)
12 Fel0IVALO, 673 05 2 7800 11.0 0.0128 160 ~220 ~38.0 450 ~170 50 an
13 Fe,0,@MnO, 553 2 1 3000 67.9 0.0455 71 36 50.7 a9 74 285 (@8)
14 CoMn 53 01 2 2000 318 0.0095 73 26 2.9 20 181 102 9
Cobaseg COMnNaS 513 01 2 - 08 - <30 170 <200 540° 260 04 (0)
0.5Na/CoMNAI@6.6Si 58 1 05 4000 135 0.0161 167 43 21.0 611 17.9 8.2 @1)
17 1.0Pr-CoRWAOMM w3 2 2 - 2043 - 09 84 93 19.9° - - @2
18 Na-5%RU/SiO, 58 1 2 3000 458 0.0204 27 22 49 801 150 367
19 Ru-based  Na-5%Ru/SiO, 58 1 2 1500 67.9 0.0152 27 40 6.7 766 167 519  Thiswork
20 Na-5%Ru(P)/Si0, 58 1 2 3000 65.3 0.0292 27 19 46 7 27 481

88 C% of COz is included in the syngas feedstock (CO:H2:CO2:Ar=24:64:8:4).
b GHSV of 1500 h! is used.
¢ The values denote the selectivity and yield of lower olefins (C2-47).

4 C5-C11 olefins.
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Supplementary Table 2. Effect of H2/CO ratio on catalytic performance of Na-Ru/SiO2.2

Selectivity (C %)

H./CO CO Conv. Yield
ratio (%) Olefins  Co+ paraffins® CO2 CHas ()
0.5 6.8 77.0 16.6 4.4 2.0 5.2

1 15.2 76.4 17.0 4.2 1.6 11.6
2 45.8 80.1 15.0 2.7 2.2 36.7
4 61.0 72.6 19.7 2.6 5.1 44.3
5 72.4 69.7 22.5 2.1 5.7 50.5

2 Reaction condition: 1 MPa, 533 K, 3000 mL.gcat >-h2.

b Paraffins with two or more carbon atoms.
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Supplementary Table 3. Effect of space velocity on catalytic performance of Na-Ru/SiO2.2

WH?,V_ anOV. Selectivity (C %) vield
(ML gear™ 417) (%) Olefins  Ca+ paraffins® CO, CHg (%)
1500 67.9 76.6 16.7 2.7 4.0 51.9
3000 45.8 80.1 15.0 2.7 2.2 36.7
6000 13.1 78.3 14.3 3.0 4.4 10.2
9000 7.5 78.6 13.4 3.3 4.7 5.9

4 Reaction condition: 1 MPa, 533 K, H2/CO=2.
b Paraffins with two or more carbon atoms.
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Supplementary Table 4. Effect of reaction pressure and space velocity on catalytic

performance of Na-Ru /SiO2 catalyst. 2

Pressure WHSV anov. Selectivity (C %) Yield
(MPa) (ML geat ™ 417) (%) Oxy.!  Olefins  Coiparaffins® CO, CHs (%)
0.5 3000 12.7 0.1 81.0 9.1 5.0 4.9 10.3

1 3000 45.8 0.5 79.7 14.9 2.7 2.2 36.5

2 3000 68.5 1.9 55.5 38.1 1.3 3.2 39.3

2 6000 35.5 1.6 62.4 324 0.9 2.7 22.9

3 6000 49.5 13.9 52.2 30.3 0.9 2.7 30.0

3 9000 31.2 115 53.5 32.0 0.7 2.3 18.9

8 Reaction conditions: 533 K, and a H,/CO ratio of 2.
b Oxygenates including alcohols and aldehydes.
¢ Paraffins with two or more carbon atoms.
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Supplementary Table 5. Effect of reaction temperature on catalytic performance of Na-
Ru/SiO2.2

Temperature CO Conv. Selectivity (C %) Yield
(K) (%) Olefins  Co. paraffins® CO2 CHa (%)
493 13.8 69.3 27.6 0.4 2.7 9.6
513 26.2 69.9 28.9 0.8 3.0 18.3
533 45.8 80.1 15.0 2.7 2.2 36.7
553 60.9 73.9 18.2 5.0 2.9 45.0

2 Reaction condition: 1 MPa, H2/CO=2, 3000 mL.-gcat >-h™.

b paraffins with two or more carbon atoms.
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Supplementary Table 6. Catalytic performance of the Ru/SiO2 catalysts with different alkali
promoters. @

Olefin distribution

Catalyst anov. e % Y(i)eld

(%) Olefins  Cp.paraffins® CO, CHq Cos™ Cse™ °0
ONa-Ru/SiO; 73.3 16.9 76.5 0.3 6.4 31.7 68.3 12.4
0.5Li-Ru/SiO; 51.3 75.6 19.2 1.5 3.8 27.3 72.7 38.8
0.5Na-Ru/SiO; 45.8 80.1 15.0 2.7 2.2 25.5 745 36.7
0.5K-Ru/SiO; 42.2 74.4 22.0 1.8 1.8 19.6 80.4 314
0.5Rb-Ru/SiO; 40.1 72.7 22.9 2.2 2.2 17.4 82.6 29.2
0.5Cs-Ru/SiO; 32.0 60.5 34.0 2.6 2.9 17.0 83.0 194

3 Reaction conditions: 533 K, 1.0 MPa, 3000 mL gcat™* ™, and H2/CO ratio of 2.

b Paraffins with two or more carbon atoms.
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Supplementary Table 7. CO chemisorption and ICP results for different Ru-based catalysts

after reduction.

Ru Na Na/R b c ¢ CO uptake Metallic .
Sample loading”  loading® | ut o Crew DEE’V‘ P . Surface Area DOCO
molar ratio . )

(Wt.%) (Wt%) (nm) (nm) (%)  (umoleg ) (mz'gRu 1) (%)

Ru/SiO, 4,57 0.06 0.06 7.8 7.9 14.2 24.0 23.8 5.3
Na-Ru/SiO, 4.18 0.57 0.60 5.3 4.7 23.8 45.5 49.3 11.0
Na-5%Ru(P)/SiO, 411 0.55 0.58 6.2 4.4 255 51.4 56.7 12.7
Na-2Ru(P)/SiO, 1.79 0.21 0.52 6.2 5.4 20.7 16.1 40.8 9.1

2 Ru loading and Na loading measured by ICP.

b Ru® crystallites size calculated by Scherer Formula from XRD.

¢ Ru® mean particle size counted by TEM profiles.

4 Drem=1.12/d7ewm.

¢ Dispersion of Ru® nanoparticles calculated by CO chemisorption experiment.

35



Supplementary Table 8. Structural parameters of the reduced catalysts, Ru foil and RuO:
standard sample from the EXAFS fitting (S,°=0.75). 2

Sample Shell 5CN R(A) 952x10%(R%)  °AEq(eV) R factor
Ru foil Ru-Ru 12 2.6740.01 0.3540.03 1.36+1.16 0.013
RuO; Ru-O 6 1.9740.01 0.2440.08 3.7941.67 0.010
Ru/SiO, Ru-Ru 10.5 2.6740.01 0.3740.07 1.1341.07 0.011
Na-Ru/SiO, Ru-Ru 9.2 2.660.01 0.5940.06 2.0020.61 0.007

2 So% was fixed at 0.75 during EXAFS fitting, based on the known structure of the Ru foil.

b CN is the coordination number for the absorber-backscatter pair.
°R is the average interatomic distance.

452 is the Debye-Waller factor.

¢ AEo is the inner potential correction.
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Supplementary Table 9. Catalytic results of different Na-promoted Ru-based catalysts with
and without the addition of PVP for syngas conversion. @

Selectivity (C %
CO Conv. y (C%) Reaction Rate

catelt (%) Olefins Co.paraffins®  CO, CH, (molco g™ )
Na-5%Ru/SiO; 45.8 80.1 15.0 2.7 2.2 0.472
Na-5%Ru(P)/SiO; 65.3 73.7 21.7 2.7 1.9 0.702
Na-2%Ru/SiO; 16.3 80.9 13.9 2.8 25 0.503
Na-2%Ru(P)/SiO, 27.6 77.7 18.2 2.1 2.0 0.688
Na-1%Ru/SiO; 55 76.7 16.7 4.4 2.2 0.234
Na-1%Ru(P)/SiO; 7.0 75.9 18.2 3.3 2.6 0.302

2 Reaction conditions: 533 K, 1.0 MPa, 3000 mL g™ h%, and a Ha/CO ratio of 2.
b Paraffins with two or more carbon atoms.
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Supplementary Table 10. Comparison of the catalytic performance of various supported Ru-

based catalysts during FTS reaction process.

. Cs+ Olefins

Entry Catalyst (;2) (MFI)Da) (Ei?z:;:ﬁi[i) -I(_Soll): Sel Ee(c:%ity Sel(eé:g/io\)/ity Ref.
1 Na-Ru/SiO; 533 1 0.472 0.126 77.0 80.1

2 Na-5%Ru(P)/SiO; 533 1 0.702 0.156 81.1 05 oo
3 Na-2%Ru(P)/Si0z - 535 4 1.190 0.367 75.1 732 Work

-Microreactor

4 Na-ZURUPISIO2  5gg 1 1.010 0.312 83.8 725

5 RU/TiO,-450R 33 2 0.473 0.039 80.0 : 23)
6 RU/TIOA(R) 523 01 0.547 : 46.8 : (24)
7 RU/ALO:-PHR 423 3 0.129 0.006 i : (25)
8 RU/AI;05-10C] 523 4.04 0.333 0.030 75.0 : 26)
9 RU/C 503 2 0.077 : 63.2 : @7
10 RU@SI/AI-50 543 2 0.404 : 68.0 : 28)
11 Ru/meso-ZSM-5 533 2 0.507 0.067 69.8 : (29)
12 Ru/meso-beta 533 2 0.531 0.071 54.0 : (30)
13 RU/HB-S 533 1 : 0.129 72.0 : @31)
14 RU/CNT 533 2 0.583 0.193 82.9 : 32)
15 RU@MHCS 53 1 0.342 0.023 56.3 : (33)
16 RU/Ti0,-500-H 493 2 : 0.047 72.6 : (34)
17 Ru-in/TNT 513 2 0.216 : 64.7 : (35)
18 10RU/G100 513 15 0.689 : 65.0 : (36)
19 3%RU/CNT 503 1 0.320 : 76.5 : 37)
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