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Table S1. Carbon dioxide conversion and yields of methanol and carbon monoxide

Temperature (°C) 180 200 220 240 260 280 300
P (bar) 30
Feed CO,/H, 1/2
Xeon (%) 0.91 2.00 3.37 8.89 15.76 20.52 23.44
Yeson (%) 0.51 1.12 1.61 2.50 2.59 2.25 1.57
Y, (%) 0.37 0.82 1.66 6.17 12.90 18.01 21.68
P (bar) 30
Feed CO,/H, 1/3
Xeon (%) 2.28 3.82 8.23 14.61 21.94 24.68 26.91
Y epson (%) 1.90 3.00 4.45 5.17 5.70 4.67 3.12
Y, (%) 0.38 0.83 3.78 9.44 16.24 20.01 23.79
Pressure (bar) 30
Feed CO,/H, 1/4
Xeon (%) 1.12 2.26 3.69 10.31 19.87 26.65 30.30
Yeison (%) 0.81 1.49 2.06 3.50 4.08 3.77 2.78
Y, (%) 0.28 0.71 1.52 6.51 15.38 22.47 27.19
Pressure (bar) 50
Feed CO,/H, 1/3
Xeos (%) 1.31 3.04 4.83 12.35 19.64 23.40 26.12
Y pson (%) 1.08 2.26 2.90 5.26 5.34 4.96 4.19
Y, (%) 0.21 0.71 1.79 6.72 13.81 17.94 21.48

Note: Carbon dioxide conversion and methanol and carbon oxide yields measured in the fixed-bed micro-reactor at various temperatures and pressures
using 0.1 g of catalyst and 30 mL/min feed flow of different compositions.
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Table S2. Comparisons of thermodynamic parameters with the widely cited values

Reaction Equation AH? (kJ-mol™) Equilibrium expressions Reaction no.

Carbon dioxide to methanol synthesis ~ CO,+3 H,&CH,OH+H,0 -49.4 logK =3,176.3/T-10.672° 1
logKl:3,066/T—10.592b

Reversed water—gas shift CO,+H,»CO+H,0 41.1 logK, = -2,082.2/T+1.9316" 2
logK, = —2,073/T+2.029"

Syngas to methanol CO+2 H,»CH,0H -90.5 logK,=2,610.9T-8.5583° 3

Notes: *Calculated using AH® with pressures in bar, and used in the present work. *Literature values that are widely cited (Graaf?).

Table S3. Comparison of the methanol space-time yield with the literature

Scenario®®! P T Carbon dioxide Hydrogen Flow rate S, o (%) Normalized
(bar) (K) (vol.%) (vol.%) (NmL-g_ ~'/min) WTY, .°

Reference test 30 523 25 75 500 40 0.85
Temperature variation® 30 523 25 75 500 37 0.87

30 483 25 75 500 54 0.49
Flow rate variation 30 523 25 75 500 42 0.86

30 523 25 75 1,000 44 1.32
Pressure variation 30 523 25 75 500 43 0.78

50 523 25 75 500 50 1.14
H, concentration variation 30 523 25 75 500 44 0.78

30 523 62.5 37.5 500 28 0.32

Notes: Original Table 3 of the benchmark tests of a commercial copper/zinc oxide/aluminum oxide catalyst by Schloegl et al.? *Methanol (MeOH) and
carbon oxide are the only two products. Therefore, S_ =100-S, . *Values at around 900 h TOS. cAfter 600 h TOS.
Abbreviations: TOS: Time on stream; WTY: Weight time yield.

Table S4. The single-tube simulation result in the present work for copper/zinc oxide/self-pillared pentasil-zeolite catalyst

Parameter P (bar) T (K) Carbon dioxide (vol.%) Hydrogen (vol.%) Gas hourly space velocity (hr") S %) Normalized WTY

MeOH ( MeOH

Value 50 523 25 75 3,000 87.9 1.75
Notes: “Methanol (MeOH) and carbon oxide are the only two products. Therefore, S_ =100-S

eone Single-path simulation converged at steady state.
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Figure S1. The mechanism diagram of carbon dioxide (CO,) hydrogenation to methanol,’ with notations of the reaction intermediates recognized for
1-2 nm copper (Cu)/silicalite-1 (red circles)* and 2-8 nm Cu/zinc oxide/self-pillared pentasil-zeolite (blue circles)® catalysts
Abbreviation: RWGS: Reversed water—gas shift.
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Figure S2. The experimental and Vanden Bussche and Froment model fitted reaction rates for carbon dioxide (CO,) to methanol (CH,OH) and reversed

water—gas shift reactions
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