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WHAT’S NEW? 
This is the last issue of our newsletter for 2021. It’s been yet another challenging year and 
this holiday season has remained tainted by the coronavirus pandemic. Nonetheless, 
we would like to wish you a successful and peaceful 2022! Stay healthy and safe! 

 

Effect of Surface Oxidation on Oxidative Propane 
Dehydrogenation over Chromia: An Ab Initio Multiscale Kinetic 
Study. 
Authors: Matej Huš, Drejc Kopač, David Bajec and Blaž Likozar 
Department of Catalysis and Chemical Reaction Engineering, National Institute of 
Chemistry (Slovenia) 
 
Olefins are among 
the most important 
structural building 
blocks for a 
plethora of 
chemical reaction 
products, including 
petrochemicals, 
biomaterials, and 
pharmaceuticals. 
An ever-increasing 
economic demand 
has urged scientists, 
engineers, and 
industry to develop 
novel technical methods for the dehydrogenation of parent alkane molecules. In 
particular, the catalysis over precious metal or metal oxide catalysts has been put 
forward as an alternative way route to thermal-, steam- and fluid catalytic cracking 
(FCC). Multiscale system modelling as a tool to theoretically understand processes has in 
the past decade period evolved from a rudimentary measurement-complementing 
approach to a useful engineering environment. Not only can it predict various 
experimentally obtained parameters, such as conversion, activity, and selectivity, but it 
can help us to simulate trends, when changing applicative operating conditions, such as 
surface gas temperature or pressure, or even support us in the search for the type of 
materials, their geometrical properties, and phases for a better functional performance. 
An overview of the current set state of the art for saturated organic short chain 
hydrocarbons (ethane, propane, and butane) is presented. Studies that combine at least 
two different dimensional scales, ranging from atomistic-, bridging across mechanistic 
mesoscale kinetics, towards reactor- or macroscale, are focused on. Insights considering 
reactivity are compared. Open Access FULL manuscript: link 
Cite this: ACS Catal. 2021, 11, 17, 11233–11247, Publication Date: August 24, 2021 
https://doi.org/10.1021/acscatal.1c01814 



 
 

 

Metal-doped Cr2O3 as a catalyst for non-oxidative propane and 
butane dehydrogenation: A multiscale kinetic study. 
Authors: Drejc Kopač, Blaž Likozar and Matej Huš 
Department of Catalysis and Chemical Reaction Engineering, National Institute of 
Chemistry (Slovenia) 

 
Molecules that are 
difficult to convert 
catalytically often 
require a complex and 
specially tailored 
catalyst composition. 
Catalytic alkane 
dehydrogenation is an 
interesting example, 
where theoretical ab-
initio and kinetic meso-
scale simulations can 
provide the 
understanding of the 

performance 
improvement when the catalyst composition is altered. Herein, we study non-oxidative 
dehydrogenation of propane and butane over variously doped (Na, Li, K, Mg, Ca, or Cs) 
chromium oxide using first principles. The reaction pathway for the conversion of propane 
to propene/propyne and of butane to 1- and 2-butene is studied using density functional 
theory with the Hubbard U correction. Energies and kinetic parameters describing the 
adsorption, desorption, and surface reactions are used in mean-field microkinetic and 
kinetic Monte Carlo simulations. The process was modelled at industrially relevant 
temperatures, pressures, and feed gas flow velocities. Calculating the catalytic 
conversion, selectivity to products, and activity trends show that surface doping 
enhances the conversion and activity. The highest conversion for most dopants is 
achieved at temperatures below 850 K and atmospheric pressure, where the activity is 
significantly improved compared to the non-doped Cr2O3 catalyst. Manuscript: link 
Cite this D. Kopač, B. Likozar, and M. Huš, “Metal-doped Cr2O3 as a catalyst for non-oxidative propane 
and butane dehydrogenation: A multiscale kinetic study,” Applied Surface Science, vol. 575, p. 151653, 
Feb. 2022, doi: 10.1016/j.apsusc.2021.151653. 
 
Pd-based membranes performance under hydrocarbon exposure 
for propane dehydrogenation processes: Experimental and 
modeling 
Authors: C. Brencioa F.W.A. Fontein a, J.A. Medranoa, L. Di Felicea, A. Arratibelb, F. 
Galluccia,c 
 
a Inorganic Membranes and Membrane Reactors, Chemical Engineering and Chemistry, 
Eindhoven University of Technology, Eindhoven, the Netherlands 
b Membrane Technology and Process Intensification / Materials and Processes, 
TECNALIA, San Sebastian, Spain 



 
 

 

c Eindhoven Institute for Renewable Energy Systems (EIRES), Eindhoven University of 
Technology, PO Box 513, Eindhoven 5600 MB, the Netherlands 
 
In this work, a novel Pd–Ag double-skinned (DS-) membrane is used for the first time in 
conditions typical of propane dehydrogenation (PDH). This membrane presents a 
protective layer on top of the H2-selective one, which acts as shield against chemical 
deactivation and mechanical erosion under reaction conditions. While the protective 
layer has already been proven as an efficient barrier against membrane erosion in 
fluidized beds, there is no validation yet under PDH reaction. The DS- membrane 
performance is compared with a conventional (C-) Pd–Ag membrane under 
alkane/alkene exposure, at 400–500 °C and 3 bar, to investigate whether the 
incorporation of the protective layer would be suited for H2 separation in PDH systems, 
and if coking rate would 
be affected. The novel 
membrane shows a H2 
permeance of 2.28 × 10−6 
mol·m−2 s−1·Pa−1 at 500 
ᵒC and 4 bar of pressure 
difference, overcoming 
the performance of the 
conventional PdAg one 
(1.56x·10−6 mol m−2 
s−1·Pa−1). Both 
membranes present a 
stable H2 flux under 
alkane exposure, while 
deactivation occurs 
under exposure to 
alkenes. A model able to 
describe the H2 flux 
through Pd-based 
membranes is presented to fit the experimental data and predict membrane 
performance. The model includes mass transfer limitations in the retentate and a 
corrective inhibition factor to account for the competitive adsorption of hydrocarbon 
species in the H2 selective layer. The experimental results obtained under alkene 
exposure deviates from model predictions; this can be attributed to carbon deposition 
on the surface of the selective layer, as further detected on the DS-membrane by 
Scanning Electron Microscopy (SEM)/Energy Dispersive X-Ray Analysis (EDX), which is the 
main factor for membrane deactivation. Open Access FULL manuscript: link 
Cite this: C. Brencio, F. W. A. Fontein, J. A. Medrano, L. D. Felice, A. Arratibel, and F. Gallucci, “Pd-based 
membranes performance under hydrocarbon exposure for propane dehydrogenation processes: 
Experimental and modeling,” International Journal of Hydrogen Energy, 2021, doi: 
https://doi.org/10.1016/j.ijhydene.2021.09.252. 
 
Website: BiZeolCat Informs!  
New in the website #BizeolcatInforms! is born to present the assumptions on which the 
project's scopes rely on to the general public. Bizeolcat, even facing high technological 
issues, aims to have huge impacts on the whole society, fostering circular economy and 
helping the economy’s decarbonization. Therefore, the public is one of the most 
important stakeholders of the project.  



 
 

 

Thanks to short notes reporting information about the main topics (chemistry, physic, 
Industrial processes) involved in the project development, BizeolcatInforms! aims to 
reduce the gap in communicating the project’s impacts on the wider audience possible. 

Look at our issues:  
 
What is gas flaring? 
 
From gas flaring to valuable chemicals: 
how? 
 
From gas flaring to valuable chemicals: 
the role of catalysts. 
 
 
 

 
 

BIZEOLCAT EVENTS 
 
Summer School on Advance materials and Modelling, Lubljana, 
September 2021 
Bizeolcat Partners actively participate at the Summer School, that aims to introduce 
students, postdocs, and other researchers to materials and molecular modelling with 
Quantum ESPRESSO.  
The school covered basic 
concepts as well as recent 
advances and 
developments, with 
emphasis on density-
functional-theory based 
methods and high-
performance computing. 
Our partner National 
Institute of Chemistry 
(Slovenia) represented by 
Matej HUŠ, Drejc KOPAČ, Blaž LIKOZAR - presented a poster related to the study of Non-
oxidative catalytic dehydrogenation of propane and butane over Cr2O3: a DFT study. 
Dehydrogenation of alkanes is becoming an increasingly important industrial process 
due to the rising demand for alkenes, such as propylene and butadiene. As the 
traditional methods of steam cracking and fluid-catalytic-cracking are insufficient to 
satisfy the growing demand, the use of catalytic dehydrogenation is increasing. 
Industrially, Cr2O3 is in addition to Pt/Sn the most used catalyst. The reaction is 
endothermic and only proceeds at elevated temperatures. Industrially, the process runs 
at 600 °C. We have studied the non-oxidative catalytic dehydrogenation of propane 
and butane Cr2O3, using plane-wave DFT formalism and the Grimme D3 correction for 
the van der Waals interaction. To account for strong correlation, the Perdew-Wang 91 
exchange correlation with the Hubbard U parameter for Cr was used. We found that on 
the (0001) surface of α-Cr2O3, propane and butane bind to the surface moderately 



 
 

 

strongly (0.3 eV) and non-specifically. Upon binding, they can undergo hydrogen 
stripping. The rate-determining step is the removal of the first hydrogen atom (barrier of 
1.5 eV), which is in both instances cleaved off from the terminal carbon atom. The 
hydrogen atoms bind to the oxygen atoms of the catalyst, where they eventually 
recombine into gaseous hydrogen and desorb. In the case of propane, the hydrogen 
atom from the secondary carbon atom is stripped in the second step, yielding propylene. 
Further dehydrogenation to propyne is not favourable. Butane is dehydrogenated first to 
1-butene and to a lesser extent further to butadiene. No dehydrogenation, which would 
yield triple bonds, is observed. 
 
Annual Meeting of the Slovenian Chemical Society – Slovenia, 
September 2021 

Slovenian Chemical Society Annual 
Meeting is an international 
conference, held annually in 
Portorož, Slovenia. At the event, 
scholars, researchers, and industrial 
partners from Slovenia and abroad 
come together to share ideas, 
achievements, challenges, and 
results. The conference will also 
include the exhibitions from major 

Slovenian manufacturers and providers of laboratory equipment. 
Our partner National Institute of Chemistry (Slovenia) presented a study related to 
Bizeolcat research, titled Coupling CFD with detailed microkinetic modelling: propane 
dehydrogenation over chromia. 
Authors: Andraž Pavlišič, Matej Huš, Blaž Likozar. 
 
International Symposium on Chemical Reaction Engineering 
(ISCRE26) 
 
Department of Chemical Engineering, 
Indian Institute of Technology Delhi (India) 
organises 26th International Symposium on 
Chemical Reaction Engineering to be held 
from 5-8 December 2021. It covers various 
areas of Chemistry including Fundamentals 
of Novel reactors & process intensification, 
Catalysis & catalytic reactors, Clean & 
sustainable energy, Advanced materials, Clean & sustainable environment (air, water, 
soil), Nutraceuticals, pharmaceuticals and health care, Product engineering & industrial 
frontiers. 
Our partner National Institute of Chemistry (Slovenia) represented by Matej HUŠ, Drejc 
KOPAČ, Blaž LIKOZAR, presented a poster titled: Propane dehydrogenation on Cr2O3: 
kinetics and mechanism of the reaction and catalyst deactivation. Industrially, propane 
dehydrogenation proceeds on chromium oxide supported on alumina (the Catofin® 
process), avoiding the use of critical or expensive raw materials (noble metals, rare-earth 



 
 

 

elements etc.). Although understood empirically, the reaction mechanism, kinetics and 
especially the nature of catalyst deactivation lack a clear theoretical explanation. 
In this work, we devise a full reaction network of non-oxidative propane dehydrogenation 
on Cr2O3(0001) using first-principles methods. The complete abstract is available at 
Bizeolcat website - Presentation. 
 
 

UPCOMING EVENTS 
 
7th GENERAL ASSEMBLY 
20-21 January 2022 
The main objectives of the meeting will be the assessment of the project’s achievements 

(milestones and 
deliverables) and a plan 
for the last year of the 
project. The partners 
hope the pandemic 
emergency will be finally 
over to meet in persons 
again. 
All the details of the 
event will be reported 
on the project website 
just after the meeting 
close.  
STAY TUNED! 
 
 

2022 PLANNED DISSEMINATION ACTIVITIES 
Several dissemination events are planned for the year 2022: 
 
5th International Caparica Symposium on 
Nanoparticles/Nanomaterials and Applications 2022 
Caparica, Portugal  
24-27th January 2022 
 
At the Event, our partner from Eurecat 
will present a poster titled:  
“Sustainable propene production 
approach by non-oxidative 
dehydrogenation catalyzed by 
innovative nanocatalysts”. 
 
 
 



 
 

 

23rd World Hydrogen Energy Conference (WHEC-2022) 
Istanbul, Turkey  
June 26-30 2022. 
 
At the event, our Partner from TU/e 
will present research on “BUTADIENE 
PRODUCTION VIA THE DIRECT 
DEHYDROGENATION OF N-BUTANE IN 
MEMBRANE REACTORS: A TECHNO-
ECONOMIC ANALYSIS” 
 
 
15th International Conference on Catalysis in Membrane Reactors 
Tokio, Japan 
July 31 to August 4, 2022. 

At the event, our Partner from TU/e will present 2 research about “Membrane Reactors” 
and “Chemical processes”. 
 
 
19th International Symposium on the Relation between 
homogeneous and heterogeneous Catalysis (ISHHC19) 
Oslo Norway,  
June 26-29, 2022.  

The event is arranged by Bizeolcat Partner University of Oslo and occurs in Oslo, Norway. 
ISHHC19 aims to link the three fields of catalysis, with the goal to understand catalytic 
phenomena at the molecular level, and by doing so uncover new aspects as well as 
similar concepts overarching the three catalysis fields. The conference sessions will span 
the essential aspects of catalysis: synthesis, characterisation, surface science, 
applications and theory, including thermo-, electro- and photocatalysis 



 
 

 

 

BIZEOLCAT Website 
 

 

Visit the BIZEOLCAT project at the address – www.bizeolcat.eu  and follow the 
project on LinkedIn, Twitter and YouTube. 

Let us have your comments! 
The next issue of the Newsletter will be released in June 2022 
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