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temperature reduction peaks, indicating accelerated Fe species reduction and hydrogen
spillover from Ru to Fe20s. The lonic liquid method exhibited differences, with the absence of
a pronounced peak related to the reduction of Ru4+ to Ru® (380 K). Varying Fe:Ru ratios in the
lonic liquid catalysts showed that the reduction peak diminishes when ruthenium's reduction
takes precedence, indicating improved reducibility through increased cooperativity between
Fe and Ru species due to their closer proximity.

The variations in reducibility observed in the TPR experiment are consistent with the
differences in catalytic activity. Notably, when comparing catalysts of the same composition
prepared using both COL and IL methods, there was a notable five-fold increase in CO:
conversion under 20 bar pressure. Furthermore, increasing the total metal loading from 1wt%
to 4wt% significantly improved selectivity for CHs and C,-Cs hydrocarbons (Figurel.B).
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Introduction (@

The direct conversion of carbon dioxide into lower olefins (C2-Ca) is a highly desirable process
as a sustainable production route'?. These lower olefins, such as ethylene, propylene, and
butenes, are crucial components in the chemical industry and for Liquefied Petroleum Gas
(LPG). The reaction proceeds via two main consecutive reactions: Reverse Water Gas Shift
(RWGS) to produce CO followed by the further conversion of CO to hydrocarbons via the
Fischer-Tropsch reaction3. Recent studies “*highlight the cost-effectiveness and satisfactory
performance of Fe-based catalysts in both reaction steps, while exploring bimetallic catalysts,
particularly Ru and Fe combinations, to enhance olefin selectivity®., with precise MNP
synthesis as a crucial factor for performance control.The study introduces a novel approach
for synthesizing iron-ruthenium bimetallic catalysts that utilizes ionic liquids as solvents’,
ensuring precise and uniform distribution of active metal phases. Advanced characterizations
and extensive tests reveal that this method surpasses traditional colloid-based techniques,
resulting in superior selectivity for target hydrocarbons.

Materials and Methods

In the conventional colloidal synthesis (COL) process®, Ru nanoparticles (Ru-NPs) were
produced by a modified Schlenk technique using Rus(CO)12 and oleylamine at 543 K. Similarly,
Fe nanoparticles were synthesized from oleylamine and Fe(acac)s at 573 K. Bimetallic Ru-Fe
nanoparticles were prepared in hexane, serving as a reference. In the ionic liquid (IL) assisted
method, [BmIm][BF4] was used with either Fe(acac)s or Rus(CO)12, at temperatures of 523 K
for 18 hours. Nanoparticles were recovered, and for bimetallic Fe-Ru NPs, three different
molar ratios were examined (1:1, 3:1, and 9:1) using Fe(acac)s and Ru3(CO)12 in [BmIm][PFe] at
523 K for 18 hours. The nanocatalysts were supported on y-Al.O3 with varying metal loadings
(1 or 4 wt.%). Characterization included XRF, XRD, SEM, and H. chemisorption. Kinetic
experiments were performed at 593 K and 6 or 20 bar pressures, adjusting the gas-hourly
space velocity (GHSV) to maintain CO2 conversion below 5%, and FT-IR gas analysis was used
to analyze yield and selectivity.

Results and Discussion

In Figure 1, H>-TPR profiles of Fe,03-RuO; catalysts prepared via different methods (COL) and
IL) were analyzed to investigate their redox performance. Both sets of catalysts displayed two
reduction peaks corresponding to the reduction of Fe;03 to Fes04 (620K), of FesO4 to FeO(800
K) and further to FeO and Fe®900 K) (Figure 1.A). The addition of RuO; resulted in lower
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Figure 1.A H2-TPR profiles of catalysts 1 wt%
Fe-Ru 3:1/A1203 (COL and (IL)
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Significance

In summary, this research effectively illustrates the improved synergy between bimetallic Fe-
Ru species synthesized using the IL method, leading to superior performance and selectivity
for short-chain hydrocarbons when compared to the conventional colloidal synthesis
approach. This work marks a significant advancement in the field, with the potential to
contribute to sustainable energy solutions such as converting CO; into net-zero e-fuels for
transportation and using CO2 as a carbon feedstock for renewable resource development.
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Figure 1.B hydrocarbon selectivity at 20 bar (3:1



15/05/24, 13:09 DETAILED PROGRAM | 18th ICC - International Congress on Catalysis - July 14-19, 2024 - Lyon, France

T3

T3

T4

T4

T4

T4

T4

T4

T4

[

To be confirmed Carmine COLUCCINI - China Medical University, Taiwan

Improvement of the activity of a highly regioselective nitrile hydratase by subunit
modification

o]

To be confirmed  Li WANG - No.2, Dagong Road, Liaodongwan New District, China

Regulating H202 Activation Pathway Allows Unprecedented On/Off Switch among
Enzymatic Activities on Pristine Ce02

o]

To be confirmed B0 YUAN - City University of Hong Kong, Hong Kong

The use of fly ashes from energy sector as promising starting components for
synthesis of catalytic materials

o]

Andrzej ADAMSKI - Jagiellonian University, Poland

Catalytic Advancement Through Sustainable Synthesis of 2D Materials

Shamma ALHASHMI - The University of Manchester, United Kingdom - Technology
innovation institute , United Arab Emirates

Solid Catalyst with lonic Liquid Layer (SCILL) for the direct hydrogenation of CO2 to

methanol

Nancy ARTIOLI - University of Brescia, Italy

lonic Liquid Synthesis of Catalysts for Direct CO2 Hydrogenation to short-chain

hydrocarbons

Nancy ARTIOLI - Univervsity of Brescia, Italy

Surface modified silica as a unique support for 5-HMF valorization

Jaroslav AUBRECHT - University of Chemistry and Technology Prague, Department of
Sustainable Fuels and Green Chemistry, Czechia

Tailoring y-alumina catalysts supports via boehmite paste kneading conditions

Mathilde AUXOIS - /FP Energies nouvelles, France - ENSL, CNRS, Laboratoire de
physique, France

Immobilization of polyoxometalates — multifunctional catalysts for sustainable

conversion

Anna Katharina BEINE - Universitat Siegen, Germany

https://www.icc-lyon2024.fr/index.php?langue=en&onglet=47&idUser=&emailUser=&printable=1 711247



BN F AN
th "
18t [|CC , International )
JuLy14-19,2024  Congress on Catalysis

LYON ® FRANCE

PRESENTATION CERTIFICATE

Friday 19" July 2024, Lyon, France

On behalf of the organizing committee of the 18" International Congress on Catalysis, we confirm

that the following abstract was presented as part of the scientific program of ICC 2024 in Lyon,
France, on July 14-19, 2024 :

e Presenting author
ARTIOLI Nancy

e Title of the abstract

lonic Liquid Synthesis of Catalysts for Direct CO2 Hydrogenation to short-chain hydrocarbons

Sincerely yours,

David Farrusseng
General Chair of ICC 2024

Registration Information Desk
INSIGHT OUTSIDE - 26, avenue Jean Kuntzmann - 38330 Montbonnot, France
registration@icc-lyon2024.fr - Tel: +33 825 595 525


http://www.tcpdf.org

