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Introduction 

The conversion of CO2 into lower olefins (C3-C5) is a highly desirable process as a sustainable production route. 

Thereby, the use of hydrogen from renewable energies and the conversion of CO2 into lower olefins via Fischer-

Tropsch synthesis (FTS) offers an attractive route for efficient utilisation of biogas as a renewable feedstock to replace 

petroleum for the synthesis of key building-block chemicals. Lower olefins, i.e., ethylene, propylene and butene (C2-

C4) are key building blocks in the current chemical industry. Iron-based catalysts are of interest due to their ability to 

catalyse both FTS and Reverse Water Gas Shift (RGS). These are also of interest as they are able to produce high 

olefin hydrocarbons [1]. The main reason for the iron catalyst effectiveness in such process is its formation of iron 

carbides (χ-Fe5C2) formed after reaction gas treatment. It has also been reported that the iron catalysts require alkali 

metal promotion in order to obtain desired activity and selectivity [2, 3]. The further upgrading to gasoline range 

hydrocarbons can be done by having zeolites in close proximity to the iron catalysts. It has been proposed that the 

zeolites crack lower chain olefins, and able to facilitate chain growth [4].However, for such catalysts, controlling the 

size and the particle distribution remains a major challenge. Thus, in order to obtain monodispersed catalysts, a novel 

approach is developed, utilising ionic liquids which can dissolve precursors while itself containing dense and tuneable 

network of hydrogen bonds. Such synthetic methods have been demonstrated by Wang et al. [5]. Nanoparticles 

produced through this method have been shown to produce higher surface areas. We report here on a novel 

methodology for the controlled synthesis of a Na–Fe3O4/HZSM-5 multifunctional catalyst for the direct hydrogenation 

of CO2 to gasoline. The catalytic testing under industrially relevant conditions resulted in improved selectivity to C5–

C11 as well as low CH4 and CO2 selectivity. Furthermore, the product composition can be tuned by the zeolite 

properties (i.e. Si/Al ratio, H form, alkaline exchange) and by the choice of ionic liquid in the synthetic method. This 

study provides a new pathway for the synthesis of nanocatalysts for the production of liquid fuels by utilising CO2 

and H2. 

Materials and Methods 

The ionic liquid-assisted synthesis involved heating the reaction medium consisting of a range of imidazolium based 

ionic liquids with different cations, oleic acid and oleylamine as the capping agents, and different iron precursors (iron 

pentacarbonyl, iron acetate, iron acetate, etc.) under reflux. In each instance, a black precipitate is formed. The 

produced magnetite nanoparticles are separated from the reaction medium through application of a neodymium 

magnet. The compounds were then characterised using PXRD (Fig. 1 A), SEM / EDX and TPR (Fig. 1 B).  

The Na–Fe3O4/Zeolite catalysts were typically prepared by both powder mixing and granule mixing. It is has been 

observed that the iron catalyst and the zeolite proximity to each other have an effect on the selectivity [4]. For powder 

mixing, the Na–Fe3O4 catalysts with H-ZSM-5 in a ball mill at a mass ratio of the two components of 1:1. For granule 

mixing, the Na–Fe3O4 and zeolites were pressed and sized in 20-40 mesh, followed by pouring into a vessel and shaken 

to give the mixing.A typical CO2 hydrogenation reactions were performed at 320 °C, 20 bar, and a 3 to 1 ratio of 

H2/CO2 in a stainless steel fixed-bed reactor with an inner diameter of 15 mm. 1 g of composite catalyst with Na–

Fe3O4/Zeolite 1/1 (mass ratio) was used. Prior to reaction, the catalyst was reduced in pure H2 flow at 350 °C and 

atmospheric pressure for 8 h. All products from the reaction is analysed with an online gas chromatograph (GC) with 

FID and TCD detection.  

Results and Discussion 

The synthesis of a nanocrystalline magnetite using ionic liquids is shown to facilitate controlled precipitation due to 

their dual functionality as solvent and templating agent. Additional capping agent further induces shape selectivity 

resulting in smaller particle size. This level of control over the morphology of the produced iron nanoparticles allows 

for the selectivity of the hydrocarbon distribution to be directly tailored to light olefin production. Characterization of 

the prepared catalysts by PXRD (Fig. 1) shows phase purity for the magnetite obtained from the conventional 



precipitation method, and shows no alteration after granulation with the zeolite, showing the presence of high purity 

in Fe3O4, small particle size and good dispersion with the zeolite component. The compounds obtained by the ionic 

liquid methods result in much broader XRD patterns, pointing at less crystallinity and smaller particle size. This has 

also been confirmed by SEM and TEM. Hydrogen temperature-programmed reduction (H2-TPR) was used to 

determine the interaction between Fe species and the support. As shown in Figure 2 for the HZSM 80, all the catalysts 

present two peaks with increasing reduction temperature, which are assigned to the conversions Fe3O4—FeO and 

FeO—Fe, respectively. It is observed that Fe3O4/HZSM80 becomes reduced at a lower temperature compared to the 

catalyst with low (l) and high (H) Na content. This indicates the interaction between iron oxides and the support is 

weaker if Na is completely removed. 

Figure 1. Panel A: XRD patterns of Na–Fe3O4 sample with high Na content (H) and Na–Fe3O4 mixed with HZSM 

with SiO2/Al2O3 = 80 and 300. Panel B: TPR profile of 4000 ppm H2 in Ar from RT to 700ºC, 5ºC/min  
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Hiden Analytical have been at the forefront of design, 
development and manufacture of quadrupole mass spectrometers 
for over 35 years. Our products address a diverse range of 
applications including catalyst performance evaluation and 
characterisation, evolved gas analysis, electrochemistry and 
surface science. https://www.hidenanalytical.com/ 

 

Visit the Magritek ICEC landing page: 
https://go.magritek.com/landingpageicec2020manchester    

 

Founded in 2004, Magritek is the global leader in manufacturing cryogen-free benchtop Nuclear Magnetic 
Resonance (NMR) spectrometers for the analytical instrument market. Magritek’s revolutionary 80 MHz, 
60 MHz and 43 MHz Spinsolve family of benchtop NMR models offer the highest sensitivity and resolution 
available in the market.  These portable systems are robust and easy to use, allowing modern NMR 
methods to be performed on the chemistry lab bench or inside the fume hood next to a reactor. Spinsolve 
NMR spectrometers are used daily by scientists in research labs to quantify and identify sample 
compositions, confirm reaction completions and elucidate unknown molecular structures.  

Magritek customers include the top universities and chemistry research groups in the world, as well as 
leading companies in the pharmaceutical, fine chemical, petrochemical, forensics, food and polymer 
industries, amongst others.  Decades of world-class research by the teams of Ampere prize winner 
Professor Bernhard Bluemich at RWTH Aachen University, and Gunther Laukien prize winner Paul Callaghan 
at Massey University and Victoria University of Wellington led to the exceptional technology found at the 
core of Magritek’s products. Magritek has offices in Germany, USA and New Zealand, as well as a worldwide 
network of partners to help support its customers.    Learn more at www.magritek.com 

https://www.hidenanalytical.com/
https://go.magritek.com/landingpageicec2020manchester
http://www.magritek.com/


 

About the International Conference on Environmental Catalysis (ICEC)
  
 

The ICEC was first held in Pisa in 1995 and has had a major influence 
on the development of catalytic solutions to address global 
environment issues such as air and water pollution, green synthesis 
and more efficient use of energy. It was last held in the UK in Belfast 
in 2008 and we welcome colleagues from around the world back to 
the UK to participate in this conference and exchange research to 
further our knowledge and impact of environmental catalysis. As with 
previous conferences, it will consist of a number of plenary talks 
coupled with parallel oral and poster sessions.  
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Plenary Speakers 
 

Tim Bugg 

'Bacterial Enzymes for Lignin Degradation' 

Tim Bugg is Professor of Biological Chemistry at the University of Warwick. His 
academic career started at the University of Southampton in 1991, where his 
group studied enzymes involved in the bacterial degradation of aromatic 
compounds and enzymes involved in bacterial peptidoglycan assembly. Since 
moving to Warwick in 1999, his group has more recently studied enzymes 
involved in bacterial degradation of lignin, and the application of biocatalysis to 
convert lignin into renewable aromatic chemicals. He is the author of the 
undergraduate textbook “Introduction to Enzyme and Coenzye Chemistry”. 

 

Alessandra Quadrelli 

'Surface Organometallic Chemistry on MOFs, POPs and Inorganic Oxides for CO2 and N2 Reduction: En route to 
Renewable Energies Storage' 

Alessandra is director of research of the French National Centre for Scientific Research, 
CNRS, at the nanochemistry platform of the C2P2 labs. She also chairs the CPE Lyon 
Engineering School Sustainable Development Chair and is Associate Editor of the RSC 
journal “Green chemistry”. 

Her research focuses on developing molecular understanding of the interaction 
between organometallic precursors and solid surfaces of SiO2, MOFs and 2D wafers 
(among other solids). She applies this understanding to the synthesis of 
heterogeneous catalysts and thin films aimed at renewable energy utilization. She 
considers her Top-3 professional achievements: A new mechanism for N2 cleavage 
(SCIENCE, 2007), the creation of the “CO2 forum” conferences 
(http://co2forum.cpe.fr) and the synthesis of a MoS2 monolayer by Atomic Layer 
Deposition, ALD (NANOSCALE, 2017). 

 

Enrico Tronconi 

'The NH3-SCR Redox Cycle over Cu-CHA: Insights from Transient Response 
Methods' 

Enrico Tronconi is a Professor of Chemical Engineering at the Department 
of Energy of Politecnico di Milano, Italy. His research interests concern the 
applications of Catalytic Reaction Engineering to environmental protection 
and energy conversion. Enrico has investigated DeNOx aftertreatment 
technologies during the last twenty years. He is also active in the study of 
novel structured catalysts and reactors for process intensification. 
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CNTs-based biocatalysts dedicated for sustainable chemical processes  Return to programme 

https://zoom.us/j/93332493133
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https://www.dropbox.com/s/v2fsid7x9lixx7r/Zhipeng%20Qie%20ICEC2020-Poster.pdf?dl=0
https://zoom.us/j/92504964904
https://www.dropbox.com/s/tyb132on3pva5mq/Sebastian%20Gamez%20Rivera%20ICEC%20poster.pdf?dl=0
https://www.dropbox.com/s/tyb132on3pva5mq/Sebastian%20Gamez%20Rivera%20ICEC%20poster.pdf?dl=0
https://zoom.us/j/91947639213
https://www.dropbox.com/s/taugsv8k314x10c/Olivia%20Salome%20Goncalves%20Pinto%20Soares%20ICEC%20Poster.pdf?dl=0
https://www.dropbox.com/s/taugsv8k314x10c/Olivia%20Salome%20Goncalves%20Pinto%20Soares%20ICEC%20Poster.pdf?dl=0
https://zoom.us/j/93011738289
https://www.dropbox.com/s/d8ikkynbf75a03u/Alex%20Goguet%20ICEC2020%20poster.pdf?dl=0
https://www.dropbox.com/s/d8ikkynbf75a03u/Alex%20Goguet%20ICEC2020%20poster.pdf?dl=0
https://zoom.us/j/94845971866
https://www.dropbox.com/s/rcigiet80j7e9i6/EDIDIONG%20ASUQUO%20ICEC%20Poster.pdf?dl=0
https://www.dropbox.com/s/rcigiet80j7e9i6/EDIDIONG%20ASUQUO%20ICEC%20Poster.pdf?dl=0
https://zoom.us/j/95673586731
https://www.dropbox.com/s/bfkq5yotd6r3zr4/Madan%20Mohan%20Behera%20ICEC2020_Poster.pdf?dl=0
https://zoom.us/j/99638543980
https://www.dropbox.com/s/ov6ghfrad1b2r0b/Alain%20Li%20Poster%20ICEC.pdf?dl=0
https://zoom.us/j/93843924326
https://www.dropbox.com/s/w99iq7yxmiqoj7g/Luke%20Roebuck%20ICEC%20poster.pdf?dl=0
https://zoom.us/j/95216791843
https://www.dropbox.com/s/wfixyyl2nxqhre1/Theodora%20Ramantani%20ICEC%20Poster.pdf?dl=0
https://zoom.us/j/94588987681
https://www.dropbox.com/s/8lg42gb3rw43ej6/Aidan%20Doyle%20ICEC%20Poster%202020.pdf?dl=0
https://zoom.us/j/93672747929
https://www.dropbox.com/s/deaolf8hrth04ld/Daniela%20Pietrogiacomi%20ICEC%20Poster.pdf?dl=0
https://zoom.us/j/95479118807
https://www.dropbox.com/s/yc2yaubf7hx9r3r/Lioudmila%20Nossova%20ICEC%20poster.pdf?dl=0
https://zoom.us/j/91450421871
https://www.dropbox.com/s/bo1v7zyv3ecgqxo/Lan%20Lan%20Poster_ICEC2020.pdf?dl=0
https://www.dropbox.com/s/bo1v7zyv3ecgqxo/Lan%20Lan%20Poster_ICEC2020.pdf?dl=0
https://zoom.us/j/92209247222
https://www.dropbox.com/s/0bh6d0fx7sbxuei/Anna%20Szelwicka%20ICEC2020.pdf?dl=0


 

 
Tuesday 8 September Click on the title to view the poster and the Zoom link to join the session 
 
Maria Ruggeri   https://zoom.us/j/94645535603  
Mechanistic insight in NO trapping on Pd/Chabazite systems for the low-temperature NOx removal from Diesel 
exhausts 
 
Aleksandra Borcuch https://zoom.us/j/91333867881  
Fe-exchanged MWW derivatives as catalysts of NH3-SCR process 
 
Aneta Święs   https://zoom.us/j/99716227131   
Catalytic performance of modified ferrierites as effective catalysts for catalytic reduction of NO with ammonia 
 
Nicolaas van Strien   https://zoom.us/j/91282813973    
Unique pathway to platform chemicals - 2,5-furandicarboxylic acid and muconic acid from sugar acids 
 
Guangtao Chai https://zoom.us/j/97965913153   
Effect of zironium on catalytic combustion of vinyl chloride over Co3O4-based catalysts 
 
Tamara Kharlamova  https://zoom.us/j/93846412069     
Ceria-supported Pt–Ag bimetallic catalysts for CO oxidation and hydrogenation of nitrophenol 
 
Małgorzata Sieradzka   https://zoom.us/j/92460388107  
Investigation of solid catalysts based on alkaline earth metals and transition metals within gasification process of 
biomass wastes. 
 
Bomin Fu  https://zoom.us/j/91536046859       
Effects of ions and humic acid on the removal of pemetrexed in water by activated carbons 
 
Yulia Belik  https://zoom.us/j/92297661611   
Effect of preparation method on photocatalytic activity of Bi-based composites in RhB and phenol 
photodegradation 
 
Marina Cortés-Reyes   https://zoom.us/j/95851147134  
Transient Response Method to delve into NOx removal process using a hybrid NSR-SCR system 
 
Maria Smyrnioti   https://zoom.us/j/96208398254    
CO oxidation in the presence of water and methanol vapor over FexCo1-x mixed oxides 
 
Sofia Santos  https://zoom.us/j/97480302366   
Catalytic reduction of inorganic species formed during ozonation of organic contaminants 
 

Return to programme 
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https://www.dropbox.com/s/fg9vfx0ma12yqud/Guangtao%20CHAI%20ICEC%20Poster.pdf?dl=0
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https://www.dropbox.com/s/pv6ii4xfuvwgwvd/Tamara%20Kharlamova%20ICEC%20Poster.pdf?dl=0
https://zoom.us/j/92460388107
https://www.dropbox.com/s/4f43m103y3d97pd/Malgorzata%20Sierdzka%20ICEC%20Poster.pdf?dl=0
https://www.dropbox.com/s/4f43m103y3d97pd/Malgorzata%20Sierdzka%20ICEC%20Poster.pdf?dl=0
https://zoom.us/j/91536046859
https://www.dropbox.com/s/81b76rm6prza61x/Bomin%20FU%20ICEC%20Poster.pdf?dl=0
https://zoom.us/j/92297661611
https://www.dropbox.com/s/wrcreobhfmh94zr/Yulia%20Belik%20ICEC%20Poster.pdf?dl=0
https://www.dropbox.com/s/wrcreobhfmh94zr/Yulia%20Belik%20ICEC%20Poster.pdf?dl=0
https://zoom.us/j/95851147134
https://www.dropbox.com/s/l8ml4wgx3pyx1jc/Marina%20Cort%C3%A9s-Reyes%20ICEC%20Poster.pdf?dl=0
https://zoom.us/j/96208398254
https://www.dropbox.com/s/22yam1zxyvktq3n/Maria%20Smyrnioti_Ioannides.pdf?dl=0
https://zoom.us/j/97480302366
https://www.dropbox.com/s/cbjws9gdrqbt30j/Sofia%20Santo%20ICEC%20Poster.pdf?dl=0


 

Wednesday 9 September  Click on the title to view the poster and the Zoom link to join the session 
 
Juan Carlos Martínez-Munuera https://zoom.us/j/97134478636   
Unraveling the nature of active sites onto copper/ceria-zirconia catalysts for low temperature CO oxidation 
 
Cyril Thomas    https://zoom.us/j/98488294172   
Exceeding the 2 wt% Ag Loading Frontier on Al2O3 for C3H6-SCR: Insights into the identification of the Al2O3 
sites of importance 
 
Alessandra Beretta  https://zoom.us/j/94602322471  
Enhanced kinetics of NH3-SCR in the presence of HCl in the flue gas over V-based catalysts: investigation by 
activity and characterization experiments (link to poster not available) 
 
Adrian Mizera https://zoom.us/j/97269257932   
Catalysts based on Ni/Co/Cu system doped with strontium titanate for dry reforming of methane 
 
Maria Cristina Campa  https://zoom.us/j/93599370865    
Fe-MOR catalysts for the abatement of N2O and NOx: effect of the preparation method 
 
Lucy Costley-Wood  https://zoom.us/j/94324016471  
Long Term Aging of Ceria Zirconia for Exhaust Catalyst Applications (link to poster not available) 
 
Jose Castanheiro  https://zoom.us/j/95339827460    
Acetalization of glycerol with hexanal in the presence of SBA-15 with sulfonic acid groups. 
 
Francesca Varsano  https://zoom.us/j/96847770536   
Innovative materials to drive chemical reactions by induction heating 
 
Shangchao Xiong  https://zoom.us/j/99329030071   
The poisoning mechanism of gaseous HCl on low-temperature SCR catalysts: MnOx−CeO2 as an example 
 
Wenhao Yang https://zoom.us/j/96190986164   
Controllable Redox-induced In-situ Growth of MnO2 over Mn2O3 for Toluene Oxidation: Active Heterostructure 
Interfaces 
 
Luke Forster  https://zoom.us/j/98353944418  
Tailoring textural properties for tuning diffusion behaviour of alumina catalytic materials: A rational guideline 
exploiting bench-top Pulsed-Field Gradient (PFG) Nuclear Magnetic Resonance (NMR) 
  
Carmine D'Agostino   https://zoom.us/j/92613773212  
Supported organocatalysis as a greener alternative in the production of fine chemicals 
 
Melissa Greta Galloni  https://zoom.us/j/99461520533  
Activity and stability of copper and iron exchanged hydroxyapatite catalysts in NH3-SCR 
 
Zhipeng Qie  https://zoom.us/j/98788729667  
Trace potassium assisted catalytic activation: A scalable production method regulating pore configuration of 
activated coke for synergistic removal of VOCs, SO 2 and NO 
 
Suk Bong Hong  https://zoom.us/j/99774541256  
Effect of preparation method on the NH3-SCR activity of Cu-LTA catalysts  Return to programme 
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