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WHO WE ARE

Prof.ssa Stefania Albonetti

Prof. Francesco Basile

Prof.ssa Patricia Benito

Prof. Fabrizio Cavani

Prof. Tommaso Tabanelli

Prof. Nikolaos Dimitratos

Prof. Giuseppe Fornasari

Dott. Andrea Fasolini

Dott. Alessandro Allegri

Dott. Jacopo de Maron

Prof Carlo Lucarelli (UnInsubria)

  20 PhD students and 

Post-doc Post-Doc 

Research Fellows

A fundamental research on catalysis and 

innovative materials and processes with a 

special focus on industrial collaboration 

and potential applications…
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…and others like:

XRF, TPD-R-O,

(DR)UV-Vis, etc.
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Gas Chromatography

(GC). Detectors: TCD, FID, MS

High-Pressure

Liquid Chromatography

(HPLC)



MAIN RESEARCH LINES
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Innovative 

Processes from 

Renewables to 

Chemicals

Direct valorisation and transformation of lignocellulosic biomass

Italian PRIN 2022 competitive project “ENCAPSULATE”

Reductive Catalytic Fractionation of lignocellulosic 

biomass
e.g. poplar, birch sawdust and others)

Innovation via highly active, stable and 

recyclable magnetic catalysts

Active on the: 

production of bio-based phenolics;

further valorisation of the highly delignified cellulose pulp for production of 

materials or for the production of sugars, polyols and other chemicals

Mild ball milled biomass

Ref: T. Tabanelli 



Innovative 

Processes from 

Renewables to 

Chemicals

Lignin depolymerisation and valorisation: the use of model molecules

➢ Optimised catalysts with increased β-O-4 cleavage and 

hydrodeoxygenation (HDO) efficiencies, this way 

increasing the yields of deoxygenated aromatics;

➢ Limit the parasitic hydrogenation of the aromatic rings.

Hydrogenolysis

Investigation of alternative strategies 

based on bio-based glycols and CO2

derived organic carbonates

Ref: T. Tabanelli 



CONTINUOUS-FLOW UPGRADING OF BIO-BASED ALCOHOLS: 1-BUTANOL

Ref: T. Tabanelli 



Light alcohols activation in continuous-flow reactors
Continuous-flow Catalytic Hydrogen Transfer

Innovative and stable catalysts 

based on mixed metal oxides

PRIN 2020 LEVANTE project “LEvulinic

acid Valorization through Advanced 

Novel Technologies” (Progetti di Ricerca

di Rilevante Interesse Nazionale-Bando 

2020, 2020CZCJN7).

Catalyst synthesis, characterisation, catalytic tests, DFT 

calculation…

structure-activity relationship…toward C5 and C7 esters 

Molecular Catalysis 555 (2024) 113840;

Journal of Catalysis 428 (2023) 115177;

Current Opinion in Green and Sustainable Chemistry 2021, 29, 100449;

ACS Sustainable Chem. Eng. 2019, 7, 9937-9947;

ACS Sustainable Chem. Eng. 2019, 7, 8317-8330.

Alternative strategies for the continuous-flow 

valorisation of these C5 esters and lactones via:

Ketonisation towards 

different types of products

Ref: T. Tabanelli 

Very high yield toward GVL, EP, and EV…

…completely bio-based



Ketonisation towards different types of products

Ketonisation of acids or 

esters to ketones

Sustainable aviation fuels

e-fuels

Chemical intermediates

Ref: J. De Maron – T. Tabanelli



PRODUCTION OF GVL 
FROM FURFURAL  

Innovative 

Processes from 

Renewables to 

Chemicals

DoE and ML applied to research  

Ref: S. Albonetti – A. Allegri



The development of an alternative route toward maleic anhydride

Bio-Based MA

VPP structure:

Catalytic tests in a continuous-flow, 

fixed bed reactor;

Catalyst characterisation and reaction 

mechanism investigation also with in 

situ, in operando spectroscopy 

(in situ Raman)

Ref:  T. Tabanelli



Selective 

oxidations and 

amination

RESEARCH LINES

PEF

Biomasses HMF FDCA

Gold NPs

Ref: S. Albonetti – A. Allegri



Hydrogen 

Production

RESEARCH LINES

H2 production from CH4 cracking 

(progetto Europeo Storming)  

Ref: F. Basile – A. Fasolini

Ref: P. Benito – G. Fornasari



Hydrogen 

Production

APR OF CELLULOSE AND OTHER POLYOLS

e.g., Glycerol: C3H8O3+ 3 H2O → 7 H2 + 3 CO2

H2

+ H2O →

In respect to the conventional steam reforming in the gas phase, the aqueous phase reforming require milder conditions and does

not require a dry feedstock. Moreover, in these conditions the WGSR is favoured, and most CO is converted into CO2 and H2.

Unwanted reactions lead to the formation of alkanes and alcohols.

250 °C, 

autogenous pressure,

Ni-catalyst, 

Fasolini et al., Hydrogen from Renewables: A Case Study of Glycerol Reforming, Catalysts 2019, 9, 722.

Fasolini et al., A Short Overview on the Hydrogen Production Via Aqueous Phase Reforming (APR) of Cellulose, C6-C5 Sugars and Polyols, Catalysts 2019, 9, 917. 

Ref: F. Basile – A. Fasolini



Photocatalysis
RESEARCH LINES

DoE and ML applied to research  

Photocatalysis synthesis 

Ref: N. Dimitratos – A. Allegri - Albonetti



Photocatalysis

RESEARCH LINES

Ref: F. Basile – A. Fasolini



Electrocatalysis

RESEARCH LINES

Vanillin

Ref: P. Benito – G. Fornasari



Electrocatalysis

RESEARCH LINES

CO2

Valorisation

CO2 Acetic acid

In Collaboration with the research 

group of Prof. Erika Scavetta

Ref: F. Basile – A. Fasolini



HIGH TEMPERATURE ELECTROLYSIS IN SOEC CELLS

Advantages

• non PGM electrodes (e.g., Pt, Pd, Ir, Ru) 

• High efficiency, low potential

Anode: 2 O2− → O2 + 4 e− 

Cathode: 2 H2O + 4 e− → 2 H2 + 2 O2−

Challenges

• Early research & development stage (PEM = commercial)

• Lower current densities than PEM and AEM

Probostat

Test di button cell da 

1.5 cm di diametro

Single cell

Test di Celle da 25cm2 e 

100 cm2

Ref: F. Basile 
– A. Fasolini



CO2

Valorisation

Mineralization of CO2 in basic waste

Carbonation 

reactor
Products

Industry Construction

CO2

Waste

Project- Carbon Capture Storage and CO2

mineralization for Ceramic Industry
Ref: S. Albonetti – A. Allegri 



CO2 hydrogenation to MeOH, dimethyl ether or alkanes 

synthesis

promoters

Physico-chemical 

properties

additives

Novel catalyst 
Testing and 

process optimization

T, P, H2/CO2 ratio, WHSV 

Small-scale plant in Bologna

+

5-grams scale plant in Marina di Ravenna

P = 40 bar

CO2+ H2

Methanol

Dimethyl ether

Polymers & resins

Sustainable marine fuel

pharma
chemicals
cosmetics

Alternative diesel fuel 

Sustainable 

aviation 

fuels

Ref 1 – P. Benito – G. Fornasari
Ref 2 - F. Basile – A. Fasolini



CO2

Valorisation

API

RESEARCH LINES

Ref: T. Tabanelli



Collaboration with CNR-ISSMC

https://www.issmc.cnr.it/



Collaboration with CNR-ISSMC

Ref: P. Benito  - S. Albonetti – F. Basile



Tematiche specifiche per tesi
2026/2027 con CNR-ISSMC

Riferimento S. Albonetti 

1. Sviluppo di materiali adsorbenti e fotocatalitici a base di calcioferriti per 
la degradazione e rimozione di inquinanti persistenti (metalli pesanti, 
molecole organiche, PFAS) da matrici acquose.

2. Sintesi di materiali adsorbenti ibridi a base di nanofasi ceramiche, 
biopolimeri e microalghe per il trattamento di acque contaminate da 
metalli pesanti, inquinanti organici e PFAS.

3. Progettazione di rivestimenti nanostrutturati idro/oleofobici "PFAS-free" 
su supporti tessili per lo sviluppo di finissaggi eco-sostenibili.

4. Sviluppo di rivestimenti nanostrutturati conduttivi su substrati tessili per 
l'integrazione di proprietà elettroniche e la realizzazione di e-textiles.



Tematiche specifiche per tesi
2026/2027 con CNR-ISSMC

Ref: S. Albonetti

5. Sintesi di nanomateriali con proprietà antimicrobiche per il 
contrasto della proliferazione batterica e della resistenza agli
antibiotici (in collaborazione con l’Università Statale di Milano).

6. Sistemi di incapsulamento e granulazione di composti
bioattivi (polifenoli, oli essenziali) derivanti da scarti marini o 
dell'industria alimentare per applicazioni in 
packaging/cosmetica/agricoltura.

7. Strategie di rimediazione colloidale per la cattura e rimozione di 
micro e nanoplastiche mediante processi di destabilizzazione e 
flocculazione controllata.



Tematiche specifiche per tesi
2026/2027 con CNR-ISSMC

Ref: S. Albonetti

1. Development of low temperature electrolytic materials for solid 
oxide cell.

2. Design specific piezoelectric nanomaterials aimed at enhancing 
microalgal photosynthesis.

3. Development of ceramic components for Na-based all solid-
state batteries.



BaCe0.65Zr0.20Y0.15O3-δ–Gd0.2Ce0.8O2-δ

The coupling H2 membarne separation low temperature 

methane reforming creates a driving force that push the 

equilibrium towards products, allowing to increase H2 yields 

above the theoretical limit predicted by the reaction equilibrium

CERAMIC MEMBRANES FOR HYDROGEN PRODUCTION AND PURIFICATION



LOW TEMPERATURE ELECTROLYSIS IN AEM CELLS

Challenges
• Early research & development stage (PEM = commercial)

• Lower current densities than PEM

Advantages
• Avoid PGM electrodes (e.g., Pt, Pd, Ir, Ru) required by PEM

Anode: 4 OH- → O2 + 2 H2O + 4 e−  (+ 0.4 V)

Cathode: 4 H2O + 4 e− → 2 H2 + 4 OH− (- 0.83 V)

Possible internships:

• Development of electro-catalyst and gas diffusion electrode (GDL) systems; study

of cell resistances and fluid dynamics

• Development of a device characterized by the deposition of the catalyst directly

on the AEM membrane for H2 production at high pressures

renewable energy
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Prof. Fabrizio Cavani  fabrizio.cavani@unibo.it

Prof.ssa Stefania Albonetti stefania.albonetti@unibo.it

Prof. Francesco Basile  f.basile@unibo.it

Prof. Giuseppe Fornasari giuseppe.fornasari@unibo.it

Prof.ssa Patricia Benito patricia.benito3@unibo.it

Prof. Nikolaos Dimitratos nikolaos.dimitratos@unibo.it

Prof. Tommaso Tabanelli tommaso.tabanelli@unibo.it

Dott. Andrea Fasolini  andrea.fasolini2@unibo.it

Dott. Jacopo De Maron                jacopo.demaron2@unibo.it

Dott. Alessandro Allegri              alessandro.allegri2@unibo.it
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