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Abstract : This study investigates the impact of reduction temperature on the structure and performance of cobalt-manganese (CM)
based catalysts in the direct hydrogenation reaction of carbon dioxide (CO,). It was observed that at a reduction temperature of
350 °C, these catalysts could successfully facilitate the conversion of CO, into long-chain hydrocarbons. This efficiency is attributed
to the optimal conditions provided by the core-shell structure of the catalysts, which effectively catalyzes both the reverse water-gas
shift (RWGS) and Fischer-Tropsch (FT) reactions. However, as the reduction temperature increased to 600 °C, the effectiveness of
the reaction process was hindered, and there was a shift in selectivity towards methane. This shift is due to the excessive reduction
of the catalyst’s outer shell, which reduces the number of RWGS sites and subsequently suppresses the production of CO. These
findings highlight the importance of carefully controlling the reduction temperature in the design and optimization of cobalt-based
catalysts. Maintaining a balance between the RWGS and FT reactions is crucial. This emphasizes that the reduction temperature is a
key factor in efficiently generating long-chain hydrocarbons from CO..
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Figure 1. (a) CO, conversion and CO & hydrocarbon selectivity of CM (varying reduction temperature), (b) CO, conversion and CO &
hydrocarbon selectivity of 350 °C reduced CM, (c¢) CO, conversion and CO & hydrocarbon selectivity of 450 °C reduced CM and (d)
CO, conversion and CO & hydrocarbon selectivity of 600 °C reduced CM. Pretreatment conditions: 350, 450 and 600 °C, 4.0 MPa,
H, flow rate of 50 mL min™' for 6 hours. Reaction conditions: 270 °C, 4.0 MPa, H,/CO, = 3:1, and 4,000 mL g' h™" (CO, = 1,000
mLg ' h™';H,=3,000mL g h™") for 125 h-on stream.
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Figure 2. (a) Hydrocarbon distribution with respect to carbon number (n) of CM, detailed hydrocarbon distribution of (a) 350 °C reduced CM,

(b) 450 °C reduced CM and (c) 600 °C reduced CM.
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Figure 3. (a) XRD profiles with reduced and spent CM catalyst at 350 °C. (b, ¢ and d) Synchrotron XRD profiles of spent CM with varying
reduction temperature (350, 450 and 600 °C reduced CM). Calibrated wavelength = 1.5298 A.
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Figure 4. (a and b) HR-TEM image of spent CM with 350 °C reduction, (c) core part HR-TEM with FFT, and (d) shell part HR-TEM with
FFT. (¢) HAADF-STEM profiles of spent CM with 350 °C reduction. EDS mapping images of (f) Co and O, (g) Mn, and (h) Na.
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Figure 5. (a and b) HR-TEM image of spent CM with 450 °C reduction, (c) core part HR-TEM with FFT, and (d) shell part HR-TEM with
FFT. (¢) HAADF-STEM profiles of spent CM with 450 °C reduction. EDS mapping images of (f) Co and O, (g) Mn, and (h) Na.
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Figure 6. (a and b) HR-TEM image of spent CM with 600 °C reduction, (c) core part HR-TEM with FFT, and (d) shell part HR-TEM with
FFT. (¢) HAADF-STEM profiles of spent CM with 600 °C reduction. EDS mapping images of (f) Co and O, (g) Mn, and (h) Na.
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