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bulk Fe,C crystal
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Figure 1 (Color online) Top and side view of simulated (a) Fe,C bulk structures and (b) 2 layers of Fe,C on Cu(100). (c) Charge distribution at the
Cu-Fe interface where red indicates increased and green reduced electron density, along with calculated charges for Cu and Fe. (d) Layer-dependent
relative formation energies (AE) for p4g-reconstructed (black) and unreconstructed Fe,C on Cu(100) in red [45].
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Figure 2 (Color online) (a) LEED pattern and (b) atomically-resolved
STM images of p4g(2 x 2) Fe,C surface [22,28].
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Figure 3 (Color online) STM images of (a) Fe/Fe,C, island on
Au(111) after carburization at room temperature and (b) the ordered
Fe/Fe,C, after annealing [26].
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Figure 4 (Color online) (a) TPD curves recorded during heating of presaturated CO on FCC(100) and BCC(110) Fe at RT. (b) Schematic diagram of
surface atomic O and C diffusion and recombination of FCC-Fe(100). (c) Schematic diagram of surface atomic O and C diffusion and recombination of

BCC-Fe(100) [24].
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mbar. (b, ¢) C 1s and O Is core level spectra after heating a CO-precovered surface in steps from 160 to 300 K [27].
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Figure 9 (Color online) LT-STM images of the carburized Fe(110) after exposure to ethylene at RT. (a, b) At 0.12 and 0.6 L C,H, molecules
preferentially adsorb on the surface, respectively. (¢c) Zoom-in STM image of the white dashed box in (b). (d) Boundary geometric model (left) and its
corresponding simulated STM image (right). Enlarged STM images of an individual C,H, molecule (¢) and CHCHj (f), along with their calculated
structure models (middle) and simulated STM images (right). (g) LT-STM image of grown short PE chains. (h) Schematic illustrations of the polymer
chain growth at the boundary from C2 to C10 and the experimental STM images of C8 and C10. (i) Geometric models and calculated adsorption
energy differences (AE) of upright and horizontal C8 and C10 chains on the iron carbide overlayer [23].
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Abstract: Fe-based catalysts have the advantage that they are cheap and have favorable selectivity, with a low H,/CO
ratio in Fischer-Tropsch synthesis. The active phase in iron-based Fischer-Tropsch synthesis catalysts has long been
under debate, increasing evidences suggest that iron carbide is the key structure in the catalytic reaction. Since the
structural evolution of iron carbide involves atomic-scale reconstruction, carbon diffusion, and changes in surface
electronic states, traditional characterization methods for powdered catalysts struggle to provide in-sifu and detailed
structural information. In recent years, model catalytic systems constructed and characterized through surface science
research methods have offered new avenues for exploring the structural characteristics, formation mechanisms, and
reaction pathways of iron carbide. This review systematically discusses the work of Fe carbide films grown on carriers
such as Au, Cu, Si, SiO,, and on Fe single crystal surfaces in recent years, the main progress and key conclusions of
fundamental research on iron-based catalysts for Fischer-Tropsch synthesis using surface science technologies.
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