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Introduction 

The conversion of carbon dioxide into lower olefins (C2-C4) represents a highly 

desirable process for establishing a sustainable production pathway1. These lower olefins, 

including ethylene, propylene, and butenes, play pivotal roles in the chemical industry and the 
production of Liquefied Petroleum Gas (LPG). The reaction unfolds through two consecutive 

primary processes: Reverse Water Gas Shift (RWGS), generating CO, followed by the 

subsequent transformation of CO into hydrocarbons through the Fischer−Tropsch reaction2. 
Recent research has underscored the cost-effectiveness and satisfactory performance of  Fe-

based catalysts in both reaction steps, with an exploration of bimetallic catalysts, particularly 

combinations of Ru and Fe, aimed at enhancing olefin selectivity3. Precise synthesis of multi-
nanoparticle (MNP) becomes a critical factor for performance control in this context. 

The study introduces an innovative approach to synthesize iron-ruthenium bimetallic 

catalysts, utilizing ionic liquids as solvents4. This method ensures the precise and uniform 
distribution of active metal phases. Advanced characterizations and extensive tests reveal that 

this technique outperforms traditional colloid-based methods, resulting in superior selectivity for 
the desired hydrocarbons. 

. 

Materials and Methods 

In the traditional colloidal synthesis (COL) process3, Ru nanoparticles (Ru-NPs) were generated 

using a modified Schlenk technique, employing Ru3(CO)12 and oleylamine at 543 K. Likewise, 

Fe nanoparticles were created through the use of oleylamine and Fe(acac)3 at 573 K. Bimetallic 
Ru-Fe nanoparticles were formulated in hexane as a comparative benchmark. In the ionic liquid 

(IL) method, [BmIm][BF4] was employed with either Fe(acac)3 or Ru3(CO)12 at temperatures of 

523 K for a duration of 18 hours. Subsequently, nanoparticles were recovered, and for bimetallic 
Fe-Ru NPs, three distinct molar ratios (1:1, 3:1, and 9:1) were investigated using Fe(acac)3 and 

Ru3(CO)12 in [BmIm][PF6] at 523 K for 18 hours. The nanocatalysts were supported on γ-Al2O3 

with varying metal loadings (1 or 4 wt.%). Characterization involved XRF, XRD, SEM, and H2 
chemisorption. Kinetic experiments were conducted at 593 K and 6 or 20 bar pressures, adjusting 

the gas-hourly space velocity (GHSV) to maintain CO2 conversion below 5%. FT-IR gas analysis 

was employed to assess yield and selectivity. 
 

Results and Discussion 

In Figure 1, TPR profiles of catalysts 1wt% Fe-Ru 3:1/Al2O3 (COL) and 1 wt% Fe-Ru 3:1/Al2O3 

(IL) are presented. Both exhibit a low-temperature reduction peak, around 380°C, associated to 

the reduction of Fe2O3 to Fe3O4, and an high-temperature peak, starting at 620°C, indicates 

further reduction to FeO and Fe0. The reduction peak for Fe2O3 in RuO2-Fe2O3 catalysts shifts to 
lower temperatures compared to literature values for pure Fe2O3

5, that suggests easier reduction 

of RuO2 species, showcasing the acceleration of Fe species reduction and hydrogen spillover 

from Ru to Fe2O3. The cooperative effect between RuO2 and Fe2O3 enhances reduction 
properties, correlating with improved catalytic performance.  

Notably, at low temperatures (300°C < T 
< 470 °C), the colloidal catalyst shows a 

pronounced peak for the reduction of Ru4+ 

to Ru0, while this peak diminishes in the 
IL catalyst, attributed to a more isolated 

ruthenium metal phase in the COL 

catalyst and a closer proximity synergistic 
effect in the IL catalyst. The reduction at 

500 °C, linked to RuO2 reduction 

associated with Fe, is more prominent in 

the ionic liquid catalyst. Figure 2a COL 

and Figure 2b IL reveal distinct 

selectivity profiles using catalysts via 
COL and IL methods.  
Generally, the COL catalyst exhibits a 

preference for CO, whereas the IL catalyst 
tends to shift towards CH4 and C2-C5 hydrocarbons, whether considering monometallic or 

bimetallic catalysts. This selectivity shift intensifies with a higher metal loading (4 wt%).  

  
Figure 2. Hydrocarbon selectivity and CO2 conversion at 20 bar (3:1 H2:CO2, 523 K, 45 

mL/min) 
 
Significance 

In summary, this research highlights the superior performance of bimetallic Fe-Ru species 

synthesized via the IL method over conventional colloidal synthesis. This advancement holds 
promise for sustainable energy solutions, including CO2 conversion into net-zero e-fuels and its 

use as a carbon feedstock for renewable resources. 
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Figure 1. H2-TPR profiles of catalysts 1 wt% 

Fe-Ru 3:1/Al2O3 (COL and (IL)). 
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