
 

 

 

Norwegian Catalysis Symposium 2022 

Clarion Hotel Stavanger, 1-2 Dec 2022 

 

 

 

 

Abstract  

 

 

 

 

 

 

 

 

 

 

 

 



1. Petra Ágota Szilágyi, Metal-organic framework templates and hosts of nanocatalysts (Page 

1) 

2. Ingeborg-Helene Svenum, et al., In situ nap-XPS characterization of PdAg hydrogen 

membranes and catalytic model system (Page 2-3) 

3. Sebastian Prodinger, et al., On the correlation between charged ions during synthesis and the 

resulting propensity for partial methane oxidation in Cu-MOR zeolites (Page 4) 

4. Mouhammad Abu Rasheed, et al., Cyclohexane catalytic oxidation: towards better 

understanding of C-H activation mechanism over Cu-N copper complexes (Page 5-6) 

5. Francesca Lønstad Bleken, et al., Fundamental atom scale modelling to support industry 

understanding of the Rochow-Müller process (page 7) 

6. Izar Capel Berdiell, et al., Tracking structural deactivation of H-ferrierite zeolite catalyst 

during MTH with XRD (page 8-9) 

7. Ask Lysne, et al., Hydrotalcite-derived nickel-cobalt catalysts for steam reforming of bio-

syngas hydrocarbon impurities (Page 10) 

8. Evgeniy Redekop, et al., Developing in situ studies of catalytic reactions based on 

photoionization of gases and surfaces at MAX IV Laboratory (Page 11) 

9. Raquel Jimenez Rama, et al., Mechanistic study of palladium-catalyzed C-N couplings 

supported by terphenyl phosphane ligands (Page 12-13) 

10. Torstein Fjermestad, et al., Modelling the methanol to dimethyl ether reaction coupling 

kinetics with transport from Å to CM scale (Page 14-15) 

11. Karoline Kvande, et al., Structure and mechanistic investigations of CuXOY-sites in zeolites 

and their role in the direct activation of lower alkanes (Page 16-17) 

12. Song Lu, et al., Sulfur decorated Ni−N−C catalyst for electrocatalytic CO2 reduction to CO 

with near 100% selectivity (Page 18-19) 

13. HongFei Ma, et al., Catalytic hydrodeoxygenation of phenolic compounds over transition meta 

catalyst (Page 20) 

14. Tomás Cordero-Lanzac, et al., Kinetic model, process design and LCA of a CO2 valorization 

plant to produce light hydrocarbon using a PdZn/ZrO2 + SAPO-34 catalyst (Page 21-22) 

15. Björn Frederik Baumgarten, et al., Reducing coking by coupling CO2 hydrogenation and 

MTO (Page 23-24) 

16. Bjørn Gading Solemsli, et al., Methylation of alekenes and aromatics through stepwise 

reaction with methane in Cu-exchanged zeolites (Page25-26) 

17. Vladyslav Shostak, et al., Sensitivity analysis of the transient adsorption-diffusion models for 

hydrocarbon transport in microporous materials: case study of C2-C4 organic gases in ZSM-5 

(Page 27) 

18. Ljubiša Gavrilović, et al., Sorption-enhanced fischer-tropsch synthesis-effect of water 

removal (Page 28-29) 

19. Juan Mirena, et al., Mechanistic insight of zeolite-catalyzed methanol-to-hydrocarbons 

through transient kinetics and advanced ion mass-spectrometry (Page 30-31) 

20. Timo Keim, et al., 2-vinylfuran and its derivate 5-methyl-2-vinylfuran: promising biological 

derived monomers for sustainable polymers (Page 32) 

21. Tina Bergh, et al., The surface morphology of silver after oxidation in CO and H2 (Page 33) 

22. Ingeborg-Helene Svenum, et al., Are Pt nanoclusters stabilised by Sn on alumina or silica? 

(Page 34) 

23. Silje Fosse Håkonsen, et al., Investigation of phosphorous contaminated v/w-TiO2 monolith 

catalysts used for NH3-SCR of nox in bio-fuel combustion exhaust (Page 35-36) 

24. Sahra Ahmed, Chiral (n,c,c) gold(iii) complexes for asymmetric catalysis: synthesis, 

characterization, and mechanistic studies (Page 37-38) 

25. Shivani Sivasamy Asaithambi, et al., Ce-MOFs as photocatalysts in water splitting (Page 39-

40) 

26. Atiqa Ambrin Ansar, et al., Mimicking the active site of lytic polysaccharides 

monooxygenases (lpmo) enzymes for catalysis (Page 41-42) 

27. Rafael Cortez Sgroi Pupo, et al., Synthesis, photoproperties, and mof incorporation of 

dibenzo[d,f]-1,2-dihydro-[1,3]diazepines (Page 43-44 ) 



Metal-organic framework templates and hosts of nanocatalysts 

By Petra Ágota Szilágyi, University of Oslo 

Metal-organic frameworks (MOFs) are a unique class of materials in terms of the tuneability of their 

pore geometry, chemistry, and flexibility, which makes them desirable from fundamental and 

application viewpoints. Furthermore, the size regime of the typical MOF pores (ca. 0.5-3 nm) coincides 

with size ranges in which other interesting physical phenomena take place, which makes their pores 

desirable hosts for catalytically active particles with possibilities to tune their physical and, 

particularly, chemical properties. 

Using a number of MOF-metal host-guest composites, I will discuss strategies for their synthesis and 

characterisation [1,2]. I will review the effect of pore size and functionalities on the ability of the 

frameworks to incorporate, control the geometry of, and interact with the guest particles [1-5]. Finally, 

I will use some examples to showcase how all of the above effects contribute to the catalytic 

performance of these host-guest composite materials in selected reactions, including the direct 

conversion of CO2 with H2 [6] and other important reactions. 
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IN SITU NAP-XPS CHARACTERIZATION OF PdAg HYDROGEN 
MEMBRANES AND CATALYTIC MODEL SYSTEMS 

Ingeborg-Helene Svenum1,2, Marie Døvre Strømsheim2,3, Jan Knudsen4,5, Mehdi 
Mahmoodinia2, Andrey Shavorskiy5, Junbo Yu2, Virgínia Boix4, Thijs Peters1, 

Hilde J. Venvik2,6  

1. SINTEF Industry, Trondheim and Oslo, Norway  
2. Dept. of Chemical Engineering, Norwegian University of Science and 

Technology (NTNU), Trondheim, Norway 
3. Hydrogen Mem-tech AS, Trondheim, Norway 
4. Division of Synchrotron Radiation Research, Department of Physics, Lund 

University, Sweden 
5. MAX IV Laboratory, Lund University, Sweden 
6. Dept. of Chemical Engineering, Faculty of Engineering, Lund University, 

Sweden 
Hilde.j.Venvik@ntnu.no and Ingeborg-Helene.Svenum@sintef.no 

 
Palladium (Pd) – silver (Ag) membranes are being commercialized in technologies that 
may be used in, e.g., production of H2 from natural gas with CO2 capture and storage 
(CCS). We study segregation and adsorption phenomena in Pd75%Ag25% single crystals as 
well as polycrystalline thin films, and we link our results to the surface catalytic 
properties, the hydrogen transport properties and the stability of the films. A combination 
of in-house characterization and performance testing and near-ambient pressure X-ray 
photoelectron spectroscopy (NAP-XPS) at the MAXIV HIPPIE Beamline (Proposals 
20180307, 20190540, 20190949) has been used.  

Figure 1: Pd3d5/2 live spectra (left and right) and corresponding CO2 formation profiles (middle) for 
left; Pd(111) and right: Pd75%Ag25%(111) during initial surface oxidation followed by temperature 
cycling during CO oxidation 
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The presentation will cover how alloying and 
segregation affect the reactivity of Pd75%Ag25% 
surfaces as compared to their pure Pd counterparts 
as well as the surface termination, (100) [1] vs. 
(111)[2]. This is shown in the CO2 formation 
profiles and overall changes to the Pd 3d5/2 core 
level spectra for Pd(111) and Pd75%Ag25%(111), 
acquired in situ during first oxygen exposure and 
then CO oxidation (O2/CO=10) cycled down to 
150 °C and back up to 450 °C (Figure 1).  
Results from implementing a membrane module 
inside the electrochemical analysis chamber at 
HIPPIE, performing characterization of 10 µm 
thin PdAg membranes during hydrogen 
permeation (Figure 2), will also be discussed [3]. 
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07152), the Swedish Governmental Agency for 
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Formas (contract 2019-02496). Assistance by Dr. 
Suyun Zhu, HIPPIE Beamline. MAX IV 
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Figure 2:  Schematic drawing of the in 
situ membrane cell (top) and picture of 
the cell implemented into the MAX IV 
HIPPIE beamline (bottom). 
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On the correlation between charged ions during synthesis and the 

resulting propensity for partial methane oxidation in Cu-MOR zeolites  

Sebastian Prodinger1,*, Karoline Kvande1, Bjørnar Arstad2, Elisa Borfecchia3, Pablo 

Beato4 & Stian Svelle1 

1) Center for Materials Science and Nanotechnology (SMN), Department of Chemistry, University of Oslo, 1033 

Blindern, 0315 Oslo, Norway 

2) SINTEF Industry, Forskningsveien 1, 0373 Oslo, Norway 

3) Department of Chemistry, NIS Center and INSTM Reference Center, University of Turin, 10125 Turin, Italy  

4) Haldor Topsøe A/S, Haldor Topsøes Allé 1, 2800 Kongens Lyngby, Denmark  

e-mail: Sebastian.prodinger@smn.uio.no 

Mastery of the selective oxidation of CH4 requires the isolation of the reactive CH3OH 

intermediate, ideally using inexpensive oxygen. Among the various types of zeolite 

frameworks investigated the mordenite system (MOR) appears to achieve exceptionally 

high MeOH yields.[1]  

Recently it has been suggested that the location of the Cu-oxo system within the MOR 

zeolite can also influence the reaction outcome, [2,3]  implying that not all MOR zeolite 

supports are comparable and that control over the location of Cu-oxo species could enable 

the tuning of the resulting Cu-zeolites oxidation potential.  

Here we report the successful efforts of tuning the propensity towards C-H activation of 

Cu species in MOR by taking a closer look at intrinsic zeolite parameters. Via synthesis 

design we vary the relative proportion of Al situated near the 8- rings and 12- rings of 

MOR zeolite. This is accomplished using different Al-sources impacting local degree of 

silica dissolution and zeolite formation as evidenced by crystallization times and 

morphological differences. Interrogating the crystalline system with steric probe 

molecules in conjunction with spectroscopic techniques such as 1H MAS NMR, infrared 

spectroscopy as well as temperature programmed desorption confirms discrete changes 

of the Al within the unit cell. Subsequent copper exchange allows for the generation of 

Cu-MOR materials of different inclination for the activation of methane in the step-wise 

formation of MeOH. Here, an increasing degree of acid sites in more easily accessible 

locations (e.g. 12-ring) correlates with increasing maximum productivity towards MeOH 

at moderate exchange degrees. X-ray absorption spectroscopy supports this notion, 

finding a higher concentration of self-reduction resistant framework associated Cu2+ 

species, previously established as the active sites in the selective oxidation of CH4. 

[1] Newton, M. A.; Knorpp, A. J.; Sushkevich, V. L.; Palagin, D.; van Bokhoven, J. A., Chem. 

Soc. Rev., 49, 1449–1486, (2020). 

[2] Snyder, B.E.R., Vanelderen, P., Schoonheydt, R.A., Sels, B.F., and Solomon, E.I. J. Am. 

Chem. Soc., 140 (29), 9236–9243, (2018). 

[3] Brezicki, G., Zheng, J., Paolucci, C., Schlögl, R., and Davis, R.J. ACS Catal., 11, 4973–

4987, (2021) 
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CYCLOHEXANE CATALYTIC OXIDATION: TOWARDS BETTER 

UNDERSTANDING OF C–H ACTIVATION MECHANISM OVER CU-N 

COPPER COMPLEXES.  

Mouhammad Abu Rasheed1, Erlend Aunan1, Ning Cao2, Ainara Nova2, Isabelle 

Gerz1,3, Raquel J. Rama1, Matteo Signorile4, Silvia Bordiga4, Unni Olsbye1  

1Centre for Materials Science and Nanotechnology, Department of Chemistry, 

University of Oslo, Sem Sælands vei 26, 0315 Oslo, Norway. 

2Hylleraas Center for Quantum Molecular Sciences, Department of Chemistry, 

University of Oslo, Sem Sælands vei 26, 0315 Oslo, Norway. 

3Max Planck Institute for Chemical Energy Conversion, Stiftstr. 34–36, 45470 Mülheim 

an der Ruhr, Germany. 

4Department of Chemistry and NIS Interdepartmental Center and INSTM reference 

center, University of Turin, via Pietro Giuria 7, I-10125 Turin, Italy.  

                                                      m.a.rasheed@kjemi.uio.no 

The high dissociation energy of C-H bond in saturated hydrocarbons makes it essential 

to use harsh conditions to oxidize this bond. However, the economic importance of this 

conversion for both chemical industry and environmental aims has led to extensive 

research to address the activation of C-H bonds at mild conditions (room temperature and 

ambient pressure) using catalysis1,2. 

To this end, we are developing copper-based homogeneous and heterogeneous systems 

as catalysts for the oxidation of alkanes3. These systems were inspired by metallo-

enzymes belonging to the pMMO (particulate methane monooxygenase) and LPMO 

(lytic polysaccharide monooxygenase) families in bio-organism. They oxidize methane 

and polysaccharides, respectively, into corresponding oxygenated species with high 

turnover rate4–7. 

In this study, the peroxidative oxidation of cyclohexane to the corresponding alcohol and 

ketone was investigated over selected copper complexes and MOF systems, with a focus 

on a tetradentate-N-copper catalyst in Cu(I) and Cu(II) state3. Besides being a symmetric 

source of C–H bonds, cyclohexane oxidation is of paramount importance as precursor for 

adipic acid and nylon production8,9. 

The tests were performed in closed vials as well as in a high-pressure PARR reactor. GC-

MS was utilized to analyze samples at different time intervals after applying work-up 

steps. Parallel NMR in-situ analyses showed mass-balance of 98 ± 0.03 % during the first 

4 hrs, suggesting high selectivity to alcohol/ketone without over-oxidation products. UV-

Vis analysis of the reaction mixture at different time intervals revealed some interesting 
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features. First, the catalyst shifted between Cu(I) and Cu(II) resting state with time on 

stream. Second, a shift in the absorption frequency of the Cu(II) d-d transition band was 

observed upon oxidation from the Cu(I) state. Finally, this study suggests a double-role 

of water in these systems, i.e.; as an activator of the catalyst, yet simultaneously a source 

of catalyst degradation. Computational studies were performed to establish a reaction 

cycle corresponding to the experimental results. Both Experimental and computational 

studies suggest a redox Cu(I)/Cu(II) cycle during the first 4 hrs. 

 

 

Figure 1. An illustration of the catalytic cycle along with UV-Vis studies. 
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FUNDAMENTAL ATOM SCALE MODELLING TO SUPPORT INDUSTRY 

UNDERSTANDING OF THE ROCHOW-MÜLLER PROCESS 

Francesca L. Bleken*,1 , Ingeborg-Helene Svenum2, Sylvain Gouttebroze1  

1SINTEF Industry, P. O. Box 124 Blindern, 0314 Oslo, NORWAY  

2SINTEF Industry, P. O. Box 4760 Torgarden, 7465 Trondheim, NORWAY, 

*francesca.l.bleken@sintef.no 

Chloromethyl silanes are produced industrially in the Rochow-Müller process, with 

(CH3)2SiCl2 as most dominant product, according to the overall reaction Si(s) + 2CH3Cl 

(g) → (CH3)2SiCl2. For the reaction to proceed a Cu-based catalyst is utilized, which 

forms a Cu-Si alloy in the reactor. It is believed that η-Cu3Si is the predominant active 

phase for the desired reaction [1]. However, unwanted side-reactions also occur, notably 

coke may be formed via thermal and catalytic mechanisms [2]. Coke formation is often 

associated with the presence of elemental Cu [3]. Density functional theory investigations 

aimed at the first steps in the 

formation of coke have been 

carried out to support the 

industrial challenge of finding 

a cure to these unwanted 

reactions. Figure 1 shows the 

potential energy diagram for 

the first decomposition step of 

methyl chloride on Cu surfaces 

with varying degree of 

coordination of the atoms in 

the top-most layer. The full 

decomposition of CH3Cl on 

copper surfaces with and 

without silicon will be 

presented focusing on potential 

coke precursors. 

This study was performed as part of the HECSI project supported by the Norwegian Research Council 

(project No. 295861) and Elkem ASA. The calculations were performed on resources provided by 

UNINETT Sigma2 through account no. NN9462K. 

References: 
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Figure 1 Energy diagram for the first decomposition 

step for CH3Cl on different Cu(Si) surfaces. 
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TRACKING STRUCTURAL DEACTIVATION OF H-FERRIERITE ZEOLITE 

CATALYST DURING MTH WITH XRD. 

Izar Capel Berdiell1*, Giorgio Bruno Braghin1,2, Tomás Cordero-Lanzac1, Pablo 

Beato3, Lars F. Lundegaard3, David Wragg1,4, Silvia Bordiga2 and Stian Svelle1 

1Center for Materials Science and Nanotechnology (SMN), Department of Chemistry, 

University of Oslo, P.O. Box 1033, Blindern, N-0315 Oslo, Norway 

2Department of Chemistry, INSTM Reference Center and NIS Interdepartmental Center, 

University of Turin, Via Giuria 7, I-10135 Turin, Italy 

3Topsoe A/S, Haldor Topsøes Allé 1, 2800 Kgs. Lyngby, Denmark 

4Institute for Energy Technology, Instituttveien 18, 2007 Kjeller, Norway 

                                                      izarc@uio.no 

Porous aluminosilicate catalysts find use in pollution abatement, biomass conversion, and 

in areas such as refining and petrochemistry. Recent work has demonstrated that X-ray 

diffraction (XRD) can be a very powerful tool to probe and monitor the state of a zeolite 

catalyst during reaction [1,2]. We have validated strong correlation between the degree 

of coking and distortion in the unit cell dimensions for important catalysts such as ZSM-

5 [3], SAPO-34 [2], and lately H-Beta [still unpublished] during the conversion of 

methanol-to-hydrocarbons (MTH). Embarking on slightly more advanced analyses, it is 

possible to use Difference Fourier maps to assign the positions of dummy carbon atoms 

representing the coke species. Refining the occupancies of these dummy atoms makes it 

possible to determine coke content [1,2]. 

 

Ferrierite is among “the big five” zeolite materials, and has been studied as a high-olefin 

cracking catalyst, in the dehydration of methanol for dimethyl ether (DME) synthesis and 

skeletal isomerization of n-butenes to isobutene, where the improvement of mass 

transport limitation dramatically enhanced the catalyst lifetime and process efficiency. In 

this contribution, the evolution of MTH active and deactivating species trapped within 

the zeolite pores has been monitored by ex-situ and operando XRD. Our study suggest 

two easily extracted descriptors for H-Ferrierite; Non Framework Species Mass %, and 

the unit cell volume. Those descriptors were correlated with the experimental evidence 

of coking; observed through TGA and N2 adsorption-desorption characterization. A direct 

linear trend was observed between both descriptors and the measured coke content and 

BET surface area (See Figure 1).  
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Figure 1. Relationships between XRD descriptors; NFSM% (a) with coke content in dry 

basis where the parity line is plotted as solid gray line and (b) with BET surface area. U. 

cell vol. with (c) coke % and (d) BET area respectively where predicted linear trends are 

shown for clarity as dotted lines. (e) Operando deactivation of H-Ferrierite at 400 oC, 130 

mbar of MeOH, 4.4 gMeOH/gcat h. MS signals of Methanol (31), Propene (41) & DME (45) 

are plotted in the top. Time-resolved evolution of XRD descriptors shown in the bottom 

where a smooth line is also plotted for clarity. 

 

In-house operando PXRD allowed a better understanding of lattice parameters behavior 

during the induction and deactivation periods. A short initial period with a maximum 

yield of DME and very little distortion of the zeolite lattice suggested that the species 

produced early in the reaction are not big enough to distort the pore network significantly. 

Then, the growth of aromatic intermediates results in an increase of the U. cell vol. similar 

to what was observed in ex situ experiments. 
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HYDROTALCITE-DERIVED NICKEL-COBALT CATALYSTS FOR STEAM 

REFORMING OF BIO-SYNGAS HYDROCARBON IMPURITIES 

Ask Lysne, Kristin Ø. Madsen, Jibin Antony, Kumar R. Rout, Edd A. Blekkan 

Department of Chemical Engineering, NTNU, 7491 Trondheim 

                                                      ask.lysne@ntnu.no 

The coupling of biomass gasification and Fischer-Tropsch hydrocarbon synthesis in a 

biomass-to-liquid (BTL) process is a promising approach, producing renewable carbon-

based aviation fuels [1]. The biomass gasification product gas (mainly H2, CO, CO2, CH4 

and H2O) contains condensable aromatic hydrocarbon impurities (tars) causing issues 

with downstream coking and condensation, and tar elimination has been put forth as the 

greatest challenge in BTL commercialization [2]. Catalytic hydrocarbon steam reforming 

is an attractive approach avoiding physical separation and high-temperature tar cracking 

strategies. Hydrotalcite-derived Ni-Co/Mg(Al)O catalysts have been reported to provide 

highly active, low coking catalysts in other steam reforming systems [3]. In a recent paper 

we have presented the first report on Ni-Co/Mg(Al)O catalyst performance in steam 

reforming of bio-syngas hydrocarbon impurities at relevant operating conditions [4]. 

The effect of a tar model compound (10.0 g/Nm3 toluene) on catalyst deactivation and 

coke formation was investigated (temperature: 700 °C, steam-to-carbon: 3.0, 

H2/CO/CO2/CH4 ratio: 35/25/25/10) for a series of Ni-Co/Mg(Al)O samples with 

different Ni-Co ratios (40-0, 30-10, 20-20, 10-30, 0-40 wt%). The spent catalyst was 

characterized by TGA-TPO, Raman spectroscopy and SEM/EDS, with the goal of 

understanding the role of the coking in the deactivation. The 30-10 wt% Ni-Co/Mg(Al)O 

sample was shown to reduce the formation of strongly deactivating encapsulating coke 

compared to the 40 wt% Ni/Mg(Al)O catalyst. The effect was proposed to result from 

efficient removal of surface carbon at the expense of enhanced carbon filament formation. 

Lower Ni-Co ratios were shown to suppress the overall coke formation at the expense of 

the higher initial reforming activity of the high Ni-Co ratio samples. The coke 

morphology will be presented, and was found to relate to the metal particle size and Ni-

Co alloy interactions affecting surface carbon polymerization, carbon filament formation, 

filament diameter selectivity and coke gasification rates. 
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Heterogeneously-catalyzed reactions and other gas-solid interactions lie at the heart of 

innumerable technological processes for matter and energy conversion as well as many 

phenomena occurring in nature. Methods utilizing synchrotron radiation, e.g. X-Ray 

diffraction and various spectroscopies, have become essential for characterizing catalytic 

materials including their composition and structure under realistic reaction environments (in 

situ). However, the synchrotron-based methodological toolkit is still under active 

development when it comes to probing the kinetics of catalytic reactions and/or materials’ 

transformations at relevant (operando) time scales. Transient experiments with well-defined 

perturbations of the gas-phase composition are particularly valuable for unraveling the 

intrinsic kinetics of different reactions steps, as exemplified by Temporal Analysis of Products 

(TAP). TAP is a unique laboratory-based method for precise kinetic studies of complex 

materials, such as microporous zeolites and multi-component catalysts, which employs pulse-

response experiments under well-defined transport conditions (Knudsen diffusion) to provide 

gaseous transformation rates with millisecond time resolution. In this talk, we will highlight 

recent progress achieved in implementing TAP-inspired experiments at the SPECIES and 

FINESTBEAMS beamlines of MAX IV Laboratory. At SPECIES, periodic switching between the 

reducing and oxidizing gas compositions within a low dead-volume reaction cell was 

synchronized with time-resolved Ambient Pressure X-Ray Photoelectron Spectroscopy (AP-

XPS) to reveal the kinetics of bimetallic catalyst restructuring. At FINESTBEAMS, the 

conversions of hydrocarbons on acidic zeolites were monitored with isomer selectivity in 

steady-state and step-response regimes by advanced photo-ionization mass-spectrometry. 

The crucial role of international collaborations between researchers in academia (users) and 

beamline scientists for making new experiments possible is emphasized, including data 

reconciliation between synchrotron- and laboratory-based measurements.  
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The use of Pd precatalysts in cross-coupling reactions provides a better control of the 

influence of the ligand during the catalytic cycle. 2-Aminobiphenyl-derived palladacycles 

stabilized by dialkylbiaryl phosphane ligands are one of the most successful precatalysts 

for aryl amination reactions, providing fast activation to catalytically active LPd(0) 

species under mild reaction conditions.[1] However, their activation to generate the Pd(0) 

active species as well as the role of the NH-carbazole by-product originated during the 

activation step have not been examined in detail.  

Recently, we have reported that palladacycles derived from 2-aminobiphenyl scaffold 

supported by dialkylterphenyl phosphanes are highly efficient precatalysts for Pd-

catalyzed aryl amination reactions.[2]  

Herein, we combine computational and experimental studies for describing the overall 

catalytic cycle of the coupling of N-nucleophiles with aryl chlorides mediated by a 2-

aminobiphenyl palladacycle, palladacycle 1, bearing a terphenyl phosphane ligand, 

PCyp2ArXyl2 (Cyp = cyclopentyl; ArXyl2 = 2,6-bis(2,6-dimethylphenyl)phenyl) (Scheme 

1). Isolation and structural characterization of major intermediates and off-cycle species, 

as well as energy barriers for the different steps of the catalytic cycles are provided. The 

proposed catalytic cycles are validated using microkinetic modelling. 
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Scheme 1. Proposed catalytic cycle for the BHA of aryl chlorides catalyzed by 

palladacycle 1. 
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Understanding how the chemical kinetics is coupled to the transport processes in a 

catalytic reactor is an essential prerequisite for optimizing the performance of a catalytic 

reaction. In our project, we apply this idea to the methanol-to-hydrocarbon (MTH) 

reaction with the purpose of understanding the mechanism of coke formation during 

operation. To achieve this insight, we use a multiscale methodology[1] that couples the 

kinetics to the diffusion in the catalyst pellets and further to the gas flow in the reactor 

outside the catalyst bed. The rate constants of the reaction network are calculated from 

density functional theory; the effective diffusivities are obtained from the micropore 

diffusivity, the macropore diffusivity, and a detailed description of the pore network 

measured by X-ray adsorption tomography. Finally, the gas flow in the reactor is 

modelled by computational fluid dynamics.  In the modelling, we consider a three-

dimensional model of the reactor and the catalyst bed, resembling closely the capillary 

reactor used by Rojo-Gama et al.[2]  

As a first step towards the goal of describing the MTH reaction, we present here the results 

of the multiscale modelling of the methanol to dimethyl ether reaction. Figure 1 shows 

the distribution of the reactant, methanol, and the product, water and dimethyl ether 

(DME), in the reactor. 
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Figure 1. The distribution of methanol, water, and dimethyl ether on a slice through the 

3D model of the capillary reactor used in the work by Rojo-Gama et al.[2] 

The result of the modelling gives a methanol conversion of 82 %. Furthermore, Figure 1 

shows that there are small gradients of water and DME in the catalyst pellets.  

The detailed description of the distribution of reactants and products inside and outside 

of the catalyst pellets is very promising for the future modelling of the MTH reaction. 

The presented multiscale modelling results are furthermore an important proof-of-

principle showing a great potential to be used as a tool in catalysis research.  

 

References 

[1] T. Maffei, G. Gentile, S. Rebughini, M. Bracconi, F. Manelli, S. Lipp, A. Cuoci and 

M. Maestri, Chem. Eng. J. 2016, 283, 1392-1404. 

[2] D. Rojo-Gama, L. Mentel, G. N. Kalantzopoulos, D. K. Pappas, I. Dovgaliuk, U. 

Olsbye, K. P. Lillerud, P. Beato, L. F. Lundegaard, D. S. Wragg and S. Svelle, J. Phys. 

Chem. Lett. 2018, 9, 1324-1328. 

 

15



 

          Norwegian Catalysis Symposium 2022         

                                                   

 

STRUCTURAL AND MECHANISTIC INVESTIGATIONS 

OF CuXOY-SITES IN ZEOLITES AND THEIR ROLE IN 

THE DIRECT ACTIVATION OF LOWER ALKANES  

Karoline Kvande,1 Sebastian Prodinger,1 Elisa Borfecchia,2 Beatrice Garetto,2 

Bjørn G. Solemsli,1 Matteo Signorile,2 Gabriele Deplano,2 Pablo Beato,3 Silvia 

Bordiga,2 Stian Svelle1 

1Center for materials science and nanotechnology, Department of Chemistry, University 

of Oslo, Sem Sælands vei 26, 0371 Oslo, Norway  
2Department of Chemistry and INSTM Reference Center and Department of Physics, 

University of Turin, 10125 Turin, Italy  
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Figure 1. Illustration representing three focus areas in the study of CuxOy-sites in the 

direct activation of lower alkanes. The areas include the study of unexplored zeolite 

frameworks for the reaction, in situ characterization of the C-H activation step of the 

reaction and alterations of the reaction protocol.  

 

Direct activation routes for lower alkanes have been explored over the last decades as 

more sustainable solutions for the formation of raw materials to use in the chemical 

industry. Production of methanol from methane (MTM) is one such reaction route that 

has received a lot of attention. One interesting protocol for MTM is a stepwise, 

stoichiometric reaction protocol. With such a reaction route, the products are hindered 

from over-oxidization due to complete separation of gas-phase oxygen and 

reactants/products [1-3]. In spite of the high product selectivity seen with this reaction, 

the process still suffers from extensive reaction times and a low methanol productivity. 
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These drawbacks can be addressed by seeking to understand more about the nature of 

activated CuxOy-species within the zeolite framework and the mechanism of the reaction 

[4, 5]. To that end, combined with various characterization and spectroscopy techniques, 

we have investigated hitherto unexplored zeolite frameworks, different Cu exchange 

methods and structure-directed synthesis in attempts to understand more about the 

structure – activity relationships in the MTM reaction [6, 7]. The results indicate that the 

Cu speciation and environment within the framework has a significant impact on the 

methanol productivity. To shed more light on the behavior of the CuxOy-sites during the 

C-H activation step, X-ray absorption spectroscopy (XAS) coupled with temperature 

programmed reaction experiments in different reducing atmosphere (methane, ethane, 

CO) was performed. The findings indicate that the consumption of reactant can be directly 

linked to the reduction of Cu. Further, the reactivity of other alkanes in this established 

reaction route for MTM were studied. This fundamental study demonstrated that ethane 

can be selectively converted to ethylene already at 150 °C over Cu-mordenites using the 

same cyclic protocol. Our systematic study of the reaction protocol has led to a broader 

understanding of the nature of the Cu-species and their role in C-H activation protocols. 
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Text of abstract (Times New Roman, size 12 pt, alignment justified, line spacing single, 

MS Word style ABS_Body) 

Excessive CO₂ emissions have aroused environmental issues such as global warming and 

erratic weather. It has been reported that electrochemical CO₂ reduction (ECR) can be a 

promising strategy to mitigate CO₂ emissions. Specially, Nitrogen (N) doped carbon-

based materials supported transition metal atom (M−N−C) have demonstrated great 

potential for CO₂-to-CO conversion in ECR [1-3]. Recently, it has been disclosed that the 

intrinsic activity of M−N−C catalysts could be further enhanced by introducing other 

heteroatoms [4]. Despite many studies having reported that nickel and nitrogen co-doped 

carbon (Ni−N−C) catalysts show good activity of ECR to CO, further enhancement of 

ECR performance of Ni-based electrocatalysts via nonmetal atoms doping and the related 

electrocatalytic mechanism have rarely been reported.  

In this work, N doped C (N−C), sulfur (S) doped N−C (NS−C), S-doped Ni−N−C 

(Ni−NS−C) and S free Ni−N−C catalysts were successfully fabricated through facile ion-

adsorption and pyrolysis treatment. XRD results indicate that there is no Ni metallic 

cluster or its compounds in Ni−N−C and Ni−NS−C. HAADF-STEM shows the well-

dispersed single Ni atoms on carbon black. EDX elemental mapping revealed that Ni, N, 

S and C species distribute uniformly over the Ni−NS−C catalyst. XPS results demonstrate 

that Ni atoms in Ni−NS−C and Ni−N−C catalysts are likely to be in an oxidation state 

between Ni⁰ and Ni²+. In electrochemical activity test, the Ni−NS−C catalyst exhibits the 

highest ECR activity, yielding a current density of 20.5 mA cm−² under −0.80 V versus 

a reversible hydrogen electrode (vs. RHE) and maximum FE(CO) of 99.7% (Fig. 1a, b). 

It also exhibits excellent durability with negligible activity decay after electrocatalysis for 

19 h. It is revealed that Ni atoms serve as active sites for ECR into CO, while S atoms 

can promote its activity further. Moreover, density functional theory (DFT) calculation 

disclosed that employing S atoms can decrease and increase the free energy barrier for 

the formation *COOH and *H, respectively, contributing to higher ECR selectivity (Fig. 

1c, d). Therefore, the synergistic effects of S and Ni−N centre contribute to high 

selectivity and activity of ECR into CO. Significance Ni−NS−C achieved a current 

density of 20.5 mA cm−² under −0.80 V (vs. RHE) and a maximum FE(CO) of around 

18



 

          Norwegian Catalysis Symposium 2022         

                                                   

 

100%. The synergistic effect of S and Ni−N centre contribute to high selectivity and 

activity of ECR to CO.  

 

 

Fig. 1 (a) LSV curves of four catalysts under CO2-saturated 0.5M KHCO3 solution at a 

scan rate of 10 mV s−1s; (b) The Faradic efficiencies of CO generation (FE (CO)). 

 

 

Fig. 2 (a) Free energy diagrams of ECR to CO; (b) Free energy diagrams of HER. 
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The increasing energy demand and environmental pollution issues are the biggest 

challenges that humankind is facing [1,2]. Decreasing and/or replacing fossil resources 

by using more green and sustainable alternative energy sources is a useful strategy to 

temper the rising environmental crises and meet the increasing fuel demand. Biomass, the 

fourth largest source of energy (oil, coal, and natural gas), is mainly used to generate heat 

and power. 

Catalytic converting the lignin-derived bio-oil to liquid fuel is one promising 

methodology to reduce the dependence on petroleum-based fuel while easing the 

atmospheric carbon dioxide burden [3]. Hydrodeoxygenation (HDO) is one commonly 

used method to convert and upgrade bio-oil from biomass. In the present work, a Ru-

promoted MoFeP/Al2O3 catalyst was prepared, and evaluated the HDO performance by 

converting two model compounds, guaiacol and anisole with a batch reactor at 250 °C. 

This catalyst shows a quite good HDO performance over the two model compounds, in 

which, oxygen was removed from the phenolic and hydrocarbons were produced as the 

product. Kinetic studies were also performed to build the reaction network and elucidate 

the reaction pathway of guaiacol and anisole HDO reactions. The primary, secondary, 

and tertiary products can be identified for the HDO reactions. A better understanding of 

HDO chemistry from the fundamental study can lead to more efficient catalysts for the 

target products. 
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Carbon-capture and utilization (CCU) is critical to reduce our CO2 emissions and mitigate 

global warming in a future energy scenario. The development of chemical processes for 

the valorization of this captured CO2 is a more efficient and sustainable strategy than its 

storage, although both are required for the energy transition. Methanol is an attractive 

platform chemical to produce fuels and chemicals and can be produce from CO2, for 

which ZrO2-based catalysts have been widely studied [1]. Nonetheless, this reaction is 

not thermodynamically favored, and methanol yield is clearly limited by the 

CO2/methanol equilibrium. This equilibrium can be shifted towards the product by the in-

situ conversion of methanol to final products. In this work, we have studied the catalytic 

activity and kinetics of the tandem CO2 conversion to hydrocarbons using a 

PdZn/ZnO:ZrO2, mixed with SAPO-34 aiming at maximizing the productivity of C3 

hydrocarbons. Model results were applied to simulate a potential CO2 valorization plant, 

and the Global Warming impact was estimated by means of Life Cycle Assessment. 

A PdZn/ZnO:ZrO2 catalyst mixed with commercial SAPO-34 (1/1 weight ratio) 

was used in the tandem reaction of CO2 hydrogenation towards hydrocarbons [2]. 

Reaction runs were carried out in a 16 channel Flowrence (Avantium). Between 50-200 

mg of the catalysts were typically loaded in the reactor for each run. Prior to the reaction, 

the catalyst was pretreated in H2 for 4 h at 400 ºC. The experiments were performed using 

the following conditions: temperature, 325-400 ºC; pressure 30-50 bar; GHSV, 1500-

24000 mL·g-1·h-1; H2/CO2 ratio, 3. Experimental runs collected at different space time 

values with both the stand-alone catalyst and tandem catalytic system were also carried 

out to study the kinetics of the reaction by means of a macro kinetic model. For the steady-

state simulation of the plant, the reactor model and reaction kinetics were incorporated in 

UniSim® environment, and stream values were used for the Life Cycle Assessment 
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(LCA). For the LCA study, a model was created to represent the CO2 valorization plant 

using the software GaBi, and results were compared, using a functional unit of 1 kg 

propane (main product), to its production from fossil sources. 

Optimal conditions for the tandem CO2 hydrogenation to hydrocarbons were found 

at 350 ºC, 30-40 bar (Figure 1a). As expected by the stoichiometry of the reaction, CO2 

conversion (dashed line) increases with total pressure. COx conversion (solid line) 

increases following the same tendency to that of CO2 conversion, with CO selectivity 

being maximum at 30 bar (ca. 60%). Methane selectivity is roughly constant in the studied 

pressure range and C2 selectivity significantly decreases upon increasing pressure, 

leading to a promotion of C3 selectivity. From our kinetic model estimations (Figure 1b), 

CO2 hydrogenation to methanol, rWGS reaction and CO hydrogenation to methanol are 

in equilibrium, indicating the hard thermodynamic limitations of the process. These 

reactions are significantly faster than MTH chemistry at 350 ºC, but the presence of CO 

in the feed slightly modifies rate distributions. The LCA of the simulated plant, using this 

kinetics, suggests that a substantial decrease in the global warming impact of propane 

production will be highly driven by using green hydrogen from either solar or wind 

sources, although the comparison with fossil-derived propane indicated already a 

reasonable improvement even when using grey hydrogen from natural gas (Figure 1c). 

 

Figure 1. (a) CO2 conversion and product distribution at 350 ºC, (b) estimated rate of 

each reaction considered in the model and (c) comparison of the Global Warming 

Potential estimated for CO2-based and fossil-based propane. 

Acknowledgements 

This work has received funding from the EU’s H2020 programme (grant no. 837733) 

References: 

[1] J. Wang, G. Li, Z. Li, C. Tang, Z. Feng, H. An, H. Liu, T. Liu, C. Li, Sci. Adv. 2017, 

3, e1701290 

[2] A. Ramirez, P. Ticali, D. Salusso, T. Cordero-Lanzac, S. Ould-Chikh, C. Ahoba-

Sam, A.L. Bugaev, E. Borfecchia, S. Morandi, M. Signorile, S. Bordiga, J. Gascon, U. 

Olsbye, JACS Au, 2021, 1, 1719-1732 

22



 

          Norwegian Catalysis Symposium 2022         

                                                   

 

REDUCING COKING BY COUPLING CO₂ HYDROGENATION AND MTO  

Björn Baumgarten1, Rune Lødeng2, Edd A Blekkan1, Jia Yang1  

1NTNU, Institutt for kjemisk prosessteknologi, Sem Sælandsvei 4, 7491 Trondheim, 
2SINTEF Industry, Rickard Birkelandsvei 3, 7465 Trondheim 

                                                      jia.yang@ntnu.no 

To combat global warming, liberation of fossil CO2 should be avoided. However, some 

processes require carbon as a raw material, which could instead be taken from the 

atmosphere or CO2 emissions from industry. 

Light olefins are important building block for chemical industry, and can be produced by 

CO2 hydrogenation to methanol followed by methanol to olefins (MTO). Both processes 

have their limitations, namely low conversion due to thermodynamic equilibrium 

constraints for CO2 hydrogenation and coking leading to catalyst deactivation for the 

MTO reaction. 

According to Müller et al. [1] coking is depending on methanol concentration, thus, 

combining the reactions should benefit both reactions. Since the methanol is consumed 

during the MTO, the equilibrium limitation plays a smaller role, and also the local 

concentration of methanol is lower leading to lower coke generation. 

At NTNU, an In Situ Mass Analyzer will soon be available, which will enable the real 

time measurement of coking during the reaction while measuring the conversion in a close 

to ideal plug-flow reactor [2]. Also, it enables the measurement of outer and inner acid 

sites in the framework of the MTO catalyst [3] in order to further characterize the coking 

process and gain valuable insights.  

To date, CO2 hydrogenation catalysts were prepared and evaluated, with the next step 

being the characterization and comparison of the coking processes of the uncoupled and 

coupled methanol to olefins reaction. 

For the CO2 hydrogenation, indium-based catalysts were prepared using alginate, 

following a procedure similar to our previous work [4]. Using this method, well dispersed 

nanoparticles can be created while maintaining a high loading. Supported In2O3 is known 

to be a good system for CO2 hydrogenation with good selectivity to methanol [5]. 

However, carbon is an inferior support compared to zirconia as also shown in [5]. Thus, 

zirconia particles were added to the alginate matrix and subsequently the carbon matrix 

was removed by oxidation, leaving In2O3 particles on zirconia. These catalysts were more 

active as shown in Table 1, with the activity strongly depending on the zirconia used. For 

the first catalysts, a powder of zirconia spheres (5 µm, monoclinic) was used, but the 

surface area was low and only low conversion was obtained. Therefore, a powder from 

crushed zirconia pellets (monoclinic) was used, resulting in a higher BET area and higher 
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conversion. The selectivity of the obtained catalyst was superior to a benchmark catalyst 

produced by conventional incipient wetness impregnation of the same zirconia powder. 

 

Table 1: Summary of the preliminary experimental results for CO2 hydrogenation. 

Benchmark catalysts were created by incipient wetness impregnation with Indium nitrate. 
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Copper exchanged zeolites have been shown to be active in the direct methane-to-

methanol (DMTM) reaction, using a chemical looping protocol [1–3], and zeolites have 

long been utilized as catalysts for methanol-to-hydrocarbons (MTH) and methanol-to-

olefin (MTO) reactions [4–7]. By skipping the methanol formation step, a direct route 

from natural gas to high value products would mitigate expensive, large-scale facilities, 

limiting the CO2 emissions and cost compared to means used today by industry. 

The conventional DMTM reaction consists of three steps; oxidation of copper from Cu(I) 

to Cu(II), activation of methane, reducing the Cu(II) back into Cu(I), followed by 

extraction of the adsorbed species with water, before repeating the cycle. The downsides 

to the reaction is the low activity, needing approximately 2 copper atoms per methanol 

formed, causing it to be an expensive protocol. To further improve the system, a better 

understanding of both the Cu active sites and the methoxy-adsorbed species formed is 

needed. By changing the molecules used to extract the adsorbed species, new insight of 

the system can be gained.  

In this study, Cu-exchanged mordenite (MOR) and ZSM-5 micro porous zeolites were 

screened for the stepwise methylation of propylene, ethylene and benzene, in a reaction 

based on the DMTM protocol, where the alkenes were dosed onto already adsorbed 

mehoxy species. An extensive study of the reaction conditions were performed to give  

insight into the influence of copper and the zeolite framework. Results suggests that two 

separate reactions occur for the ethylene and propylene methylation: methylation of 

alkenes and oligomerization, resulting in a mix of C1-C7+ alkenes. Benzene, on the other 

hand, forms solely toluene and does not auto-react, requiring both methoxy adsorbed 

species and Brønsted acid sites in the zeolite for methylation. The amount of toluene 

formed from benzene is less than the theoretically achievable amount based on methanol 

formation via water extraction. This indicates that not all the methoxy adsorbed species 

formed in the methane activation step are accessible for benzene due to the size of the 

aromatic molecule. Looking at the relative toluene to methanol activity may therefore be 

a good indicator as to where the different adsorbed methoxy species are located in the 
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zeolite framework. Although the oxidation of methane into methoxy adsorbed species 

remains the rate-liming step in the reaction, this new approach might give further insight 

into the workings of the zeolite framework in the presence of the methoxy-adsorbed 

species. 

This research are being conducted as a part of the iCSI (industrial Catalysis Science and 

Innovation) Centre for Research-based Innovation, with financial support from the 

Research Council of Norway under contract no. 237922. 

 

Figure 1. An illustration of water, ethylene, propylene and benzene assisted extraction of 

activated methane in Cu-exchanged MOR-type zeolite. 
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The complex nature of hydrocarbon transport in microporous materials offers unique 

challenges for the description of kinetic data in reactions catalyzed by acidic zeolites and 

zeotypes. Currently, very few models in the literature capture such phenomena as surface 

barriers or hindered microporous diffusion - processes that are known to impact gas 

transport during the kinetic studies of zeolite-catalyzed reactions [1], [2]. These 

challenges are especially relevant for transient kinetic studies that are impacted by 

diffusion. In this work we provide extended models that reflect the aforementioned 

phenomena during pulse-response experiments in Temporal Analysis of Products (TAP) 

reactors [3] – a technique for precise kinetic characterization of catalytic reactions. The 

characteristic low-pressure operating regime in a TAP reactor enables diffusion and 

reactions studies of gaseous species without inter-molecular interactions. Systematic 

investigations of models' parametric sensitivity are presented to assist the design of future 

experiments and selection of appropriate models for data analysis within specific 

windows of experimental conditions. Also, numerical simulations were used to 

investigate how thermodynamic adsorption properties of realistic zeolites can affect the 

pulse-response shapes. For certain combinations of adsorption/diffusion parameters, 

microporous diffusion is shown to result in a characteristic bend in the mean residence 

time vs. temperature dependency, which can be used as a fingerprint in model 

discrimination. Presented models were applied for data analysis in a benchmarking study 

of C2-C4 alkanes/alkenes transport through H-ZSM-5 zeolite in a TAP reactor. Indeed, 

presence or impact of surface barriers were not observed for the studied system, while 

accounting microporous diffusivity in models  significantly improved the description of 

gas transport.  
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Fischer-Tropsch synthesis (FTS) converts bio-synthesis gas (H2 + CO) into a wide range 

of hydrocarbons that can be further refined into drop-in fuels like diesel and jet fuel[1]. 

To reduce the operational costs of the potential BTL-FT plant and to efficiently use the 

syngas in a once-through concept, it is beneficial to operate at high CO conversion levels. 

However, at high conversion, the gas phase in an FT reactor contains more than 50% of 

water, acting as a significant diluent. In addition, it has been reported that water 

deactivates Co-based FT catalyst[2]. The present paper presents the application of a 

tailored dynamically operated FT reactor where the produced water is systematically 

removed by solid water adsorbents. The H2O-sorption active site is then regenerated in a 

separate step, allowing for cyclic operation, Figure 1. This will lead to increased 

selectivity to higher hydrocarbons (wax) while protecting the catalyst from an excessive 

oxidation rate. 

 

Figure 1. Tailored dynamically operated FT reactor where the water produced, as a by-product of the FT 

synthesis reaction, is systematically removed by solid water adsorbents (Step 1). The H2O-sorption active 

site is then regenerated in a separate step (Step 2), allowing for cyclic operatio 
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Results and discussion 

A Re promoted Co alumina-based FT catalyst is synthesized using one-step incipient 

wetness impregnation and characterized using following techniques such as X-ray 

diffraction (XRD), Brunauer- Emmett Teller (BET), temperature-programmed reduction 

(TPR), H2 chemisorption. The commercial type zeolites (13X, 4A) were selected due to 

the selective water sorption and characterized using Thermogravimetric analyzer (TGA) 

to determine water sorption capacity at relevant temperatures (100-250°C) as well as 

multicycle stability after 100 cycles at relevant Fischer-Tropsch temperature (210°C). 

Water adsorption capacity on both sorbents decreases with temperature. However, a faster 

adsorption kinetic at higher T has been observed for both sorbents. The TGA has showed 

that 4A has slightly lower water sorption capacity, but much better stability (after 100 

cycles) compared to 13X, Figure 2. Post characterization of the 13X sample showed 

distorted crystallinity after 100 cycles which explains drop in stability.  

 
Figure 2. Adsorption capacity under 100 cycles for 13X and 4A at 210 °C 
 

Fischer-Tropsch kinetic tests were performed in a stainless-steel fixed bed reactor using 

a mixture of catalyst (1-2 g) and sorbent (10-20 g) at 210 °C and 5-20 bar. The 

experiments were performed successfully, meaning that cyclic operation was established, 

first FT reaction and then water sorbent regeneration. Slightly higher C5+ selectivity and 

lower CH4 selectivity was observed when sorbent is present in the reactor at higher 

conversion levels (higher water partial pressure). The system with the sorbent showed 

much higher activity after regeneration step compared to the reference case without the 

sorbent. Further experiments are needed to understand the water removal effect on FTS 

with cobalt catalyst. 

This work was supported by Research Council of Norway with the project number 

319752. 
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The methanol-to-hydrocarbons (MTH) process over acid zeolite catalysts constitutes a 

pathway towards a wide variety of chemicals from alternative carbon-based feedstocks, 

such as biomass or natural gas [1] [2]. MTH is generally regarded to follow a highly 

complex and multistep reaction mechanism involving the formation of a hydrocarbon 

pool (HCP) of alkene and aromatic species within the zeolite pore network [3] [4]. 

Nevertheless, despite extensive experimental and theoretical efforts, an integral 

understanding of this mechanism is yet to be achieved. A time resolved detection of 

highly reactive key intermediates, such as formaldehyde or ketenes [5] [6], is crucial for 

distinguishing their role in the reaction pathway and further unravel the intricate nature 

of the HCP mechanism. Conventional gas-phase analysis methods are not sufficient for 

the systematic detection of such intermediate species with a sub-second time resolution 

due to their limited lifetime under reaction conditions. An advanced experimental 

methodology is thus required in order to systematically detect key elusive intermediates 

and obtain kinetic data that elucidates their role in zeolite-catalyzed MTH. Transient 

kinetic experiments with a Temporal Analysis of Products (TAP) reactor [7] coupled with 

photoelectron-photoion coincidence (PEPICO)  spectroscopy employing synchrotron 

radiation [8] [9] can provide the necessary insight on the role of key reactive intermediates 

in the MTH process over zeolite catalysts. 

 

Figure 1. Experimental identification of key reactive intermediates and isomer products 

of MTH on zeolite catalysts with advanced electron-impact and photoionization mass 

spectrometry. 
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Due to an ever-increasing usage of polymers, it is important to develop new sustainable 

ones to decrease greenhouse gas emissions in the next years.[1] Since bioderived 

monomers become more easily available, new polymers are synthesized, but they face 

high demands in terms of recycling, biodegradation and material properties.[2] Vinyl 

furans are promising substrates for polymers that can be derived from (hemi-) cellulose 

by an acid catalyzed hydrolysis to furfural.[3] The advantage in the use of vinyl furans is 

the reversible functionalization of their aromatic backbone with Diels-Alder reactions, 

that give the possibility of self-healing properties.[4] This work focuses on the 

improvement of the elimination of 1-(2-Furyl)ethanol to Vinylfuran. A major problem in 

this reaction is the low stability of furyl alcohols because they tend to polymerize during 

the reaction to form humins. Therefore, different parameters were investigated to improve 

the conversion, yield and lifetime of the catalyst. We looked at the effect of solvents and 

their purity, substrate concentrations, and the temperature on product selectivity. Analysis 

and quantification of reaction products was performed by NMR spectroscopy and gas-

chromatography. The reaction was performed over a nanoporous zeolite catalyst, ZSM-

5. As a means of improving the selectivity increased active site accessibility was also 

investigated. This was achieved by the preparation of ZSM-5 with extended mesopore 

structures via various means. Characterization of the catalyst was performed by PXRD, 

N2 physisorption and TPD measurements with base molecules to determine the number 

of accessible acid sites.   
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Abstract for poster presentation  

Formaldehyde is industrially produced by partial oxidation of methanol over metallic silver particles. The 

silver catalyst undergoes large morphological changes as it interacts with oxygen at high temperatures. 

Oxygen dissolves into the silver, pores form and the silver grains restructure. The thermal history and 

reaction atmospheres seen by the catalyst largely affect both the catalyst morphology and activity with time 

on stream. Characterising the morphological changes of the silver is therefore of great interest, and this 

work focuses on the changes after the two sub-reactions of CO and H2 oxidation. Four samples are studied, 

including as-received silver (A), silver after heating in inert atmosphere (B), silver after CO oxidation (C), 

and silver after H2 oxidation (D). An annular rector is used with a hollow cylindrical silver catalyst with 

inner and outer diameters of 4 and 10 mm, respectively. The samples are all subjected to the same 

temperature program where they are heated in steps from 200 to 700 oC and subsequently cooled. The 

reaction atmosphere is kept constant throughout the heating and cooling cycles. Scanning and transmission 

electron microscopy techniques are used to characterise the samples together with focused ion beam. The 

results show that the fresh silver is nanocrystalline and non-porous near the surface, while all the heated 

samples (B-D) show grain recrystallisation. After being exposed to oxygen (C and D), the silver surface is 

facetted and contain pores with lengths ranging from ∽10 nm to ∽10 μm. Initial results indicate that the 

faceting after CO oxidation is different from that after H2 oxidation, and that a larger number of pores are 

formed after H2 oxidation (D). Understanding the morphological changes in silver may contribute to further 

insight into the changes seen in catalytic activity and selectivity over the lifetime of a silver catalyst.  

 

Keywords: silver, annular catalyst, oxidation, methanol to formaldehyde, surface morphology, focused ion 

beam, electron microscopy 
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Oxide-supported metal catalysts are ubiquitous in industrial chemistry. A challenge in 

their use is deactivation, a mode of which sintering of the metal particles leads to 

diminished surface area. Zankarimi et al. investigated sintering of Pt/PtSn nanoclusters 

on silica and found that the presence of Sn lead to a stronger interaction between cluster 

and support [2]. Moreover, Li et al. showed that the inclusion of Sn in the PtSn 

nanoclusters on alumina reduced coking in interaction with ethene [1]. The present work 

aims at investigating the stability of Pt-nanoclusters with and without Sn on idealized 

alumina and silica surfaces by first principles atom-scale methods to elucidate the impact 

of different supports upon sintering. 

In real life experiment these supports will most likely be at least partly amorphous with 

several different sites exposed to the surface. In the current study one surface is chosen 

for each support, α-Al2O3 (0001) and -cristobalite (100), see Fig.1. The surfaces were 

terminated so that both O and Al/Si are exposed to the possible adsorbed nanocluster. Pt4 

and Pt4Sn3 clusters are adsorbed on the surface, and the effect of removing one Pt or Sn 

atom is investigated. We find that doping platinum nanoparticles with tin may inhibit 

sintering to a lower extent when alumina is the support compared to silica.  

 

 

This work was carried out as part of the BIZEOLCAT project funded by the European Union’s Horizon 

2020 research and innovation program (grant no. 814671) and supported by computing resources 

UNINETT Sigma2 (account no. NN9462k). 
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Fig. 1. Models of β-crystobalite (100) 

(left), α-alumina (0001) (middle) and  

Pt3Sn3 nano-cluster adsorbed on the 

alumina (right). 
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Emission of nitrogen oxides (NOx) are regarded as a major source of atmospheric 

pollution and must be kept at a minimum. Monolith catalysts are commonly used for NOx 

emission reduction but must be rejuvenated or regenerated after prolonged use. With the 

increase in bio-based fuels for engines and in incineration processes, phosphorus 

contamination is more common compared to processes utilizing fossil-based fuels. In this 

work we have studied commercial V2O5-WO3/TiO2 monolith catalysts that have been 

exposed to bio-based fuel during incineration for two different periods of time in a 

commercial system. These catalysts deactivated rather fast and subsequent elemental 

analysis showed phosphorous contamination that increased with time on stream. The 

other elements did not change significantly with use. With this background we aimed for 

a better understanding of these phosphorous contaminated catalyst that had been exposed 

to a real incineration process. The deactivated catalysts have been characterized with 

XRD, SEM, XPS, TPD and solid-state NMR. In addition, catalytic tests have been 

performed in a standard test-rig used for de-NOx experiments. The used catalysts have 

been compared to a fresh similar catalyst in unused state. A major finding is that acidity 

is not reduced, phosphate species are on the surface and V has been locked into a lower 

oxidation state reducing its activity for red-ox reactions. 
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Figure 1. Conversion data for a fresh monolith compared to two monoliths exposed to 

phosphorous containing exhaust for different times on stream. 
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Previous studies on chiral Au(III) pincer complexes as catalysts in asymmetric 

transformations have shown promising results.[1] In this work, novel cyclometalated 

(N,C,C) Au(III) complexes with ligand-based chirality have been synthesized. 

Functionalized chelating ligands were prepared using a combination of the palladium-

catalyzed Suzuki-Miyaura cross-coupling reaction and the iron-catalyzed Kumada 

reaction.[2][3] Coordination with gold was achieved using a well-established microwave-

assisted protocol.[4] All synthesized ligands and complexes were characterized using an 

array of techniques including NMR spectroscopy, ESI-MS, UV-Vis spectroscopy, and 

SC-XRD.  

Recent studies from the Tilset group showed that gold complexation proceeds via an 

initial coordination of gold to the nitrogen atom, before cyclometalation occurs through 

an electrophilic aromatic substitution.[5] Further mechanistic studies were also 

undertaken in order to investigate the influence of sterics and electronics on the bond 

formation of the tridentate ligands to the Au(III) metal center. NMR studies revealed the 

formation of several Au(III) species following initial complexation attempts, amongst 

them the desired cyclometalated pincer complex. The thermodynamic stabilities of the 

various complexes were explored using DFT calculations. The insertion of a chiral 
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center adjacent to the gold atom results in the formation of a racemic mixture that may 

be separated using a resolving agent. The catalytic activity of the enantiopure chiral 

Au(III) complexes will be investigated on cyclopropanation reactions of propargyl 

esters.  

 

 

Figure 1. Synthesis of (N,C,C) Au(III) complexes bearing functionalized tridentate 

ligands.    
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Abstract  

Water splitting has garnered much attention in the production of renewable energy without any 

dependency on fuel energy and carbon dioxide. The water-splitting process involves two half-

reactions which are the hydrogen evolution reaction (HER) and the oxygen evolution reaction 

(OER). Prodigious research is being done for hydrogen evolution by electrocatalysis, 

photocatalysis, and chemo-catalysis. During the last decade, metal-organic frameworks (MOFs) 

have been studied for physical hydrogen storage, gaseous fuel storage, photochemical and 

electrochemical energy storage, conversion, and overall water splitting for HER and OER, because 

of their excellent properties of regular channels, high specific area, and abundant active sites. The 

desired functional groups can be anchored at the surface of MOFs owing to their adjustable and 

designable channel size, channel structure, and channel environment. Although MOFs show low 

conductivity and stability in alkaline and acidic media as pristine composites, their derivatives are 

fairly stable. Cerium grabs more attention among rare earth metals because of its two stable 

oxidation states. Ce-MOFs are of special interest due to the combination of microporosity, the Ce 

(III)/(IV) redox properties, and the presence of low energy 4f orbitals which encourages visible 

photocatalytic water splitting. For instance, functionalized CeUiO-66-BDC can be a potential 

catalyst for photocatalytic application.1-3 

 

 

 

 

 

 

 

                                     Fig.1. Role of Cerium MOFS in Water Splitting 
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Lytic Polysaccharides Monooxygenases (LPMO) are copper dependent enzymes that 

cleave polysaccharides through an oxidative mechanism.1 This was the inspiration behind 

mimicking the active site of LPMO enzymes in synthetic metal complex catalyst. The 

direct, selective oxidation of methane to methanol, C-H activation, has long been a dream 

reaction. These complexes are aimed for catalytic testing for selective oxidation by C-H 

activation of light alkanes to alcohols.  

 

 

Figure 1. As depicted above, synthesis of a 4-N,N,N,N-ligated Cu-complex have been 

attempted.  

 

Design elements for the complexes are inspired from the histidine copper brace in LPMO, 

where the single metal is coordinated by three nitrogens (two imidazole and one backbone 

nitrogen). Further, the strategy includes a carboxylate precursor for their incorporation 

into metal organic frameworks (MOF). The ligands are synthesized using a palladium-

catalyzed Suzuki-Miyaura cross-coupling reaction, and then metalated with both Cu(I)- 

and Cu(II)-triflate. The complexes are investigated by Nuclear Magnetic Resonance 

(NMR) spectroscopy, ESI-MS and UV/Vis spectroscopy.2  
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Although 1,4-benzodiazepines are widely used as antidepressants in the pharmaceutical 

industry, 1,3-benzodiazepines have been less investigated.1 Recently, a growth in the 

literature on the topic of 1,3-benzodiapines has been observed.2–4 Using 

2,2’-diaminobiphenyl and different aldehydes, different 2-substituted dibenzo[d,f]-1,2-

dihydro-[1,3]diazepines were synthesized. The aldehyde proved to have a high 

dependency on product formation and selectivity. The addition of a Lewis acid (Zn2+, 

Cu+) as a catalyst showed an influence on the conversion of starting material and product 

selectivity for the diazepine. Furthermore, the photophysical properties and 

conformations of those compounds in solution were explored by UV-Vis spectroscopy 

and Density Functional Theory (DFT) calculations. The addition of the diazepine motif 

extended the absorption into the visible light range for most substituents. The fluorescent 

emission for the compounds were found to be solvatochromatic, a property not previously 

described for dibenzo[d,f]-1,2-dihydro-[1,3]diazepines. After a thorough investigation on 

how different percentages of BPDC-(NH2)2 linker can affect the internal defects and 

stability in a series of mixed-linker BPDC-(NH2)2 UiO-67 MOFs, the diazepine 

incorporation  post-synthetically was successful. 
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