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Fig. S1. SEM images of (a) SiO,, (b) SiO,@NC, and (c) SiO,@void@NC.
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Fig. S2. The mechanism of Ru loaded onto the SiO,@void@NC under vacuum assisted impregnation
method.
In the process of vacuum impregnation, air overflows from the cavity, forming a pressure difference
inside and outside the carbon layer, and metal ions enter the cavity with solvent through the
mesoporous pore channels under the effect of capillary action. Further, with the evaporation of the
solvent, a siphon effect is produced, in which the solvent brings all the metal ions into the cavity and
deposits them in the cavity as the solvent evaporates from the pore. During this process, most metal
ions adhere to the inner wall of carbon layer due to the centripetal force and strong interaction with
nitrogen-doped carbon, and a small amount of metal ions are deposited on the surface of silica. Because
the core silica is mobile in the cavity after etching, the core of silica constantly collides with the inner
wall of the carbon layer during the process of rotary evaporation. The metal ions deposited on the
surface of silica are trapped by the carbon layer due to their stronger bonding force with nitrogen-

doped carbon. Eventually, almost all of the metal ions attach to the inner wall of the carbon layer.
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Fig. S3. HADDF-STEM image and Ru particle size distribution of SiO,@Ru@NC.
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Fig. S4. CO-DRIFTS of SiO,@Ru@NC: without helium blowing (Without He) and helium blowing for 3

minutes (He-3 min).
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Fig. S5. (a) Effect of H, pressure, 40 mg catalysts, 200 mg DMT, 90 °C, 10 mL methanol, 2 h; (b) Effect

of reaction time, 40 mg catalysts, 200 mg DMT, 2 MPa H,, 90 °C, 10 mL methanol.
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Fig. S6. (a) XRD before and after 5 cycles, (b) TEM after 5 cycles of SiO,@Ru@NC.
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Fig. S7. (a) Performance of 10 cycles. Reaction conditions: 40 mg catalysts, 200 mg DMT, 2 MPa H,, 90
°C, 10 mL methanol, 0.5 h per cycle; (b) XRD of the as-synthesized SiO,@Ru@NC and SiO,@Ru@NC
after 10 cycles; (c) TEM, (d) HADDF-STEM image and Ru particle size distribution of SiO,@Ru@NC

after 10 cycles.
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Fig. $8. TEM of (a) Ru/Si0O,@NC and (b) Ru@HCS.



Fig. S9. The plane size of (a) DMT, (b) DMCD.
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Fig. S10. Nitrogen adsorption-desorption isotherm and DFT pore size distributions of (a) SiO,@NC and
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(b) HCS.
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Fig. S11. (a) TEM, (b) HADDF-STEM image and Ru particle size distribution of as-synthesized
Ru/Si0,@NC; (c) TEM, (d) HADDF-STEM image and Ru particle size distribution of Ru/SiO,@NC after 3

cycles.
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Fig. S12. Reaction rate of Ru/CAC catalyst.
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Fig. S13. (a)(b) TEM and (c)XRD patterns of SiO,@Ru@NC with different sizes.
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Fig. S14. Effect of the size on the catalytic activity. Reaction conditions: 40 mg catalysts, 200 mg DMT,

2 MPa H,, 90 °C, 10 mL methanol, 0.5 h.
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Fig. S15. (a)(b)(c) TEM and (d) XRD patterns of SiO,@Ru@NC with different thickness of the carbon

layer.
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Fig. S16. Effect of the thickness of the carbon layer on the catalytic activity. Reaction conditions: 40

mg catalysts, 200 mg DMT, 2 MPa H,, 90 °C, 10 mL methanol, 0.5 h.
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Fig. S17. Cycle stability test in aqueous phase. Reaction conditions: 40 mg catalysts, 200 mg DMT, 2

MPa H,, 90 °C, 10 mL H,0, 4 h.
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Fig. $18. XRD of SiO,@Ru@NC at different reduction temperatures.
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Fig. S19. Effect of Ru loading on the catalytic activity. Reaction conditions: 40 mg catalysts, 200 mg

DMT, 2 MPa H,, 90 °C, 10 mL methanol, 0.5 h.
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Fig. S20. DFT ca
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Table S1. The XPS testing of element content in different catalysts.

XPS Atomic %

Name
SiO,@Ru@NC Ru/AC Ru/Al,04 Ru/SiO,
C 87.51 87.71 16.23 7.75
Si 1.57 0.6 0 29.73
N 2.13 0.95 0.71 0.96
Ru 0.5 0.32 0.65 0.52
0} 8.3 10.42 82.41 61.03




Table S2. The ICP-AES of samples with different Ru loadings.

Simple

ICP-AES result (wt %)

SiO,@0.5%Ru@NC
Si0,@1.0%Ru@NC
SiO,@2.0%Ru@NC
Si0,@2.5%Ru@NC
SiO,@3.0%Ru@NC
SiO,@2.5%Ru@NC-after 5 cycles
SiO,@2.5%Ru@NC-after 3 cycles
2.5%Ru/Si0,@NC
2.5%Ru/Si0,@NC-after 3 cycles
2.5%Ru@HCS
2.5%Ru@HCS-after 3 cycles
2.5%Ru/CAC
2.5%Ru/CAC-after 3 cycles

Si0,@2.5%Ru@NC-after 10 cycles

0.46

0.97

1.89

2.30

2.63

2.14

2.23

2.39

1.54

2.20

2.06

2.36

1.92

2.08




Table S3. Comparison of reaction conditions for aromatic ring hydrogenation.

Reaction conditions Yield of
Conversion
selective
of reactants
H, hydrogenation
Entry Catalyst Temperature Time containing
Pressure products of
(°C) (h) aromatic
(MPa) aromatic rings
rings (%)
(%)
1 Ru/Ce0,-S! 200-250 1 6-12 99.9 99.9
2 Ru-B alloy? 60 7 2.5 / 99.3
3 1.5Rul.5Pd3 180 8 6 88.5 85.1
RUS/AlzosBA'
4 100 4,14 1 93.4 93.4
154
5 Ru/h-BN® 130 5 5 100 99.9
6 Ru/g-C5Ng4-H,° 130 5 1 100 >99
7 Ru-Ni/CNT” 150 5 1 80 76
8 CoO,@CN8 150 3 16 98 98
Co-PMA-
9 135 5 24 / 95
PZ@SiO,®
10 Ni/SiO,-AEH0 140 3 5 >99 95.5

Thiswork  SiO,@Ru@NC 90 2 4 100 97.2
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