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1. ICP results of catalyst

Table S1. ICP results of catalyst

Catalyst Mass fraction of Fe

Fe@S1 16.73%

Fe/S1 18.13%

Fe@S2 17.86%

Fe/S2 18.54%

Compared to the anticipated 20% iron content at the time of preparation, an 

actual loss is observed.

2. Acid alkalinity of iron carbide

Due to the presence of iron carbides after the catalyst reaction, the acidity and 

basicity of iron carbide were also characterized.We synthesized a small quantity of 

iron carbide for ammonia temperature-programmed desorption (NH3-TPD) by 

treating activated carbon with ferric nitrate at high temperature, aiming to investigate 

its acidic and basic properties. As shown in the XRD results in Figure S1 (a), we 

successfully prepared iron carbide.

NH3-TPD experiments were conducted on activated iron carbide and iron oxide, 

yielding the results depicted in the accompanying Figure S1 (b). Between 100 and 

200℃, a weak NH3 desorption peak was observed, suggesting that both iron oxide and 

iron carbide possess some degree of acidity, with iron carbide exhibiting stronger 

acidity than iron oxide. Owing to the poor stability of iron carbide and the potential 

presence of activated carbon residue in the sample, a significant decomposition peak 

emerges beyond 500℃, which holds no referential value.



Figure S1 (a) The XRD of the prepared iron carbide;(b) NH3-TPD of iron 

carbide and iron oxide

3. Calculation of experimental results

Syngas consists of Ar, CO and H2. The CO conversion rate is calculated using the peak 

area of the chromatography, where in and out represent the inlet and outlet gases:
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The molar quantity of the outlet gas is calculated by using the exit flow rate of the 

reaction and the ideal gas state equation:

𝑛𝑜𝑢𝑡 =
𝑃𝑉
𝑅𝑇

The amount of methane produced is calculated using a standard gas of known 

concentration:

𝑛𝐶𝐻4
= 𝑛𝑜𝑢𝑡 × 𝑇ℎ𝑒 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐶𝐻4 𝑖𝑛 𝑎 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑔𝑎𝑠 ×

𝐴𝑒𝑟𝑎𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝐶𝐻4

𝐴𝑒𝑟𝑎𝐶𝐻4 𝑖𝑛 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑔𝑎𝑠

The CO2 conversion rate can be calculated by comparing the amount of CO2 before 

and after the reaction. The methane peak area detected by the FID and the calculated 

methane content are used as the internal standard to calculate the amount of other 

hydrocarbons, where n is the molar amount, S is the selectivity, and i represents 

various hydrocarbon products.
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The liquid phase products were collected for off-line analysis in FID, and n-dodecane 

was added as internal standard to calculate various hydrocarbon contents:
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