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ABSTRACT 
Iron-based nanoparticles with uniform and high particle dispersion, which are supported on carbon structures, have been used for various 
applications. However, their preparation still suffers from complicated synthesis involving multiple steps and from the high price of precursors 
and solvents. In the present work, a new carbon encapsulated iron-carbide nanoparticle supported on nitrogen-doped porous carbon 
(Fe5C2@C/NPC) structure was introduced. It was made using a simple solid-state reaction with sequential thermal treatments. Fe5C2@C/NPC 
is a highly active and stable catalyst for the high-temperature Fischer-Tropsch synthesis reaction. It showed very high hydrocarbon productivity 
(4.71 gHC∙gcat

−1∙h−1) with high CO conversions (up to 96%). 
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1 Introduction 
Carbon-supported iron-based nanoparticles (Fe/C, FeNx/C, FeCx/C, 
Fe2O3/C) have been applied to various research fields for such as 
Fischer-Tropsch synthesis (FTS), ammonia synthesis, oxygen reduction 
reaction (ORR), dehydrogenation reaction, hyperthermia, waste water 
cleaning, supercapacitors and so on. Their wide use is based on their 
high activity and low price [1–8]. In particular, iron-based catalysts 
have been used to improve high-temperature Fischer-Tropsch synthesis 
(HT-FTS), which is normally operated at 300−350 °C and 1.0−2.0 MPa, 
for producing gasoline-range hydrocarbons and C2–C4 lower olefins 
from syngas [9–11]. For HT-FTS, various carbon materials have been 
used thus far to stabilize nanoparticles. This is based on their high 
specific surface area, chemical inertness, and controllable surface and 
pore structures [12–15].  

Recently, Wang’s group has reported nitrogen (N)-doped carbons 
as a promising catalyst support that can enhance the interaction 
between carbon surfaces and reaction molecules. They also create 
an increased number of defects with more active sites [16, 17]. The 
nitrogen incorporated into the carbon matrix has been proven as an 
efficient electron donor for active sites in the FTS reaction. This 
resulted in improved selectivity for lower olefins as well as suppressed 
methane selectivity [18, 19]. For instance, Liu et al. obtained high 
hydrocarbon productivity (3.26 gHC·gcat

−1∙h−1) at 340 °C, 1.0 MPa, and 
H2/CO ratio of 1, using the N-rich mesoporous carbon supported 
iron (Fe/NMC) catalyst [20]. 

In recent years, improved new catalysts for more efficient production 
of high value-added hydrocarbons have been developed for the HT-FTS. 
For example, highly Fe-loaded catalysts (above 30 wt.%) were introduced, 
using Fe-incorporated metal–organic framework (MOF) precursors  

[21–23]. The structures showed high and uniform particle dispersion 
by carbon supports as well as high pore volume and porosity. When 
the active Fe sites are greatly exposed in the FTS reaction, if the 
particle dispersion can be maintained, the catalyst can demonstrate 
increased productivity for valuable hydrocarbons. In this respect, 
MOFs are porous inorganic–organic hybrid materials that have 
great potential for the preparation of highly metal-loaded catalysts 
with uniform particle dispersion via simple pyrolysis. Unfortunately, 
the preparation of MOF compounds is still complicated and not 
currently economical. 

Herein, we report a new facile one-pot method for making 
phase-controlled iron-based nanoparticles encapsulated in N-doped 
graphitic carbon layers. This is done using a sequential thermal 
treatments with a solid mixture of iron salt and urea under flows of 
nitrogen, hydrogen, and carbon monoxide gases. The resulting 
nanoparticles (Fe3C: 17.0 nm, Fe: 15.0 nm, Fe5C2: 17.2 nm) well- 
stabilized by carbon matrices show excellent catalytic performance 
at time-on-stream (TOS) = 138 h (CO conversion: ~ 96%, hydrocarbon 
productivity: ~ 4.71 gHC∙gcat

−1∙h−1, Fischer-Tropsch (FT) activity:   
~ 4.26 molCO·gFe

−1·s−1) as well as good thermal stability for the HT-FTS 
reaction conducted at 340 °C and 1.5 MPa for 138 h. 

2 Experimental 

2.1 Synthesis of the carbon encapsulated Fe3C nanoparticles 

supported on nitrogen-doped porous carbon (Fe3C@C/NPC) 

nanostructure 

For the preparation of the Fe3C@C/NPC nanostructure, 0.5 g of 
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