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Significance and Relevance 
An iron carbide catalyst having χ-Fe5C2 structure allows both RWGS and FTS reactions to proceed on a 
single crystal surface, whereas an iron carbide catalyst having θ-Fe3C structure only allows RWGS. Since 
the CO production rates and the apparent activation energies of the two catalysts are different, it was 
inferred that the reaction mechanisms are different with each other due to the differences in the 
microstructure of the crystal surface. 
 
Introduction and Motivations 

Conversion of carbon dioxide (CO2) to liquid fuels by catalytic reactions is an important technology 
for realizing a carbon-neutral society. An alkali-containing iron carbide is known as a catalyst that can 
obtain liquid fuels from CO2 via reverse water gas shift (RWGS) and Fisher-Tropsch Synthesis (FTS). It 
has been reported that Fe3O4 is the active site for the RWGS reaction and χ-Fe5C2 is the active site for 
the FTS reaction in this catalyst.1  

We have previously reported that the catalyst with the highest liquid component yield can be 
obtained by adding 0.8 wt% alkali to χ-Fe5C2.2 This result not only shows that a catalyst with a high 
liquid component yield has been found, but also that the RWGS reaction also proceeds on χ-Fe5C2, and 
that the Fe3O4 phase is not necessary. In this study, we focused on the RWGS reaction occurring on 
iron carbide and aimed to experimentally prove the difference in activity of iron carbides (χ-Fe5C2, θ-
Fe3C) for the RWGS reaction proposed in computational study.3  
 
Materials and Methods 

Catalyst preparation and reaction tests were carried out using a fixed-bed flow reactor. 
Commercially available iron oxalate dihydrate powder was mixed with quartz sand as a diluent and 
packed into a reactor, then heat-treated at 350 °C or 500 °C for 4 h under a 30% CO/N2 gas flow to 
prepare iron carbide catalysts, FeCx-350 or FeCx-500, respectively. Catalytic activity tests were carried 
out with a catalyst amount of 0.3 g-Fe, reaction gas composition CO2/H2/N2 = 1/3/1, reaction gas flow 
rate 120-600 mL min-1, pressure 0.1-1.0 MPa(a), reaction temperature 200-320 °C. The outlet gas 
composition was analyzed using a gas chromatograph equipped with a TCD detector (Agilent 
990MCGC). 
 
Results and Discussion 

It was confirmed that the FeCx-350 and FeCx-500 were iron carbides with crystal structures mainly 
composed of the χ-Fe5C2 phase and the θ-Fe3C phase, respectively by the XRD analysis. When the 
RWGS reactivity of each catalyst was evaluated at different reaction temperatures, the selectivity of 
CO2 to CO was almost 100%. Since no significant changes were observed in the crystal structure of the 
catalyst before and after the reaction, it was confirmed that the RWGS reaction proceeds on the 
surface of iron carbides.  

The catalytic activity of each catalyst was compared. FeCx-500 had a higher CO production rate 
per catalyst surface area than FeCx-350. In addition, the apparent activation energy (Ea) was calculated 
using the Arrhenius plots (Figure 1). The Ea values of FeCx-350 and FeCx-500 were calculated to be 
92.9 kJ mol-1 and 70.4 kJ mol-1, respectively. It was considered that these differences were due to the 
difference in the reaction mechanism of the RWGS reaction on the θ-Fe3C and χ-Fe5C2 crystal surfaces. 
Effect of reaction pressure for the CO2 hydrogenation reaction were evaluated. It was found that, the 
generation of C2-C4 hydrocarbons became prominent as the pressure increased in FeCx-350. On the 



 

other hand, this tendency was not observed in FeCx-500. It was confirmed that the crystal structure of 
iron carbide has a significant effect not only on RWGS reactivity but also on FTS reactivity. 
 

 
Figure 1 Arrhenius plots of the RWGS reaction over iron carbide catalysts. 
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