SLOVAK

u
S S SOCIETY OF
c I CHEMICAL
ENGINEERING

Slovak Society of Chemical Engineering

Institute of Chemical and Environmental Engineering
Slovak University of Technology in Bratislava

PROCEEDINGS

524 International Conference of the Slovak Society of Chemical Engineering SSCHE 2026

Hotel SOREA TRIGAN
Strbské Pleso, Slovakia
May 26 - 29, 2026

Editors: Assoc. prof. Mario Mihal

ISBN: 978-80-8208-177-3, EAN: 9788082081773

Published by the Faculty of Chemical and Food Technology, Slovak University of Technology in
Bratislava in Slovak Chemistry Library for the Institute of Chemical and Environmental
Engineering; Radlinského 9, 812 37 Bratislava, 2026

Araujo Barahona, G., Ciaramella, M., Erdnen, K., Garcia Serna, J., Russo, V., Murzin, D., Salmi, T.: Contin-
uous Xylitol Production on Solid Foam Catalyst: Mass Transport and Kinetic Modelling , Editors: Mihal, M.,
In 52nd International Conference of the Slovak Society of Chemical Engineering SSCHE 2026, Strbské Pleso,

Slovakia, 2026.



52nd International Qonference of SSCHE
May 26 - 29, 2026, Strbské Pleso, Slovakia

Continuous Xylitol Production on Solid Foam Catalyst: Mass Transport and
Kinetic Modelling

German Araujo-Barahona!, Maria Ciaramella' 2, Kari Eréinen', Juan Garcia-Serna®, Vincenzo
Russo?, Dmitry Yu. Murzin!, Tapio Salmi'~

!Laboratory of Industrial Chemistry and Reaction Engineering (TKR), Abo Akademi University, FI-20500
Turku/Abo Finland
’Chemical Sciences Department, Universita di Napoli “Federico II”, Complesso Universitario Monte S.
Angelo, IT-80126, Napoli, Italy
3 Grupo de Tecnologias a Presion (PressTech), Instituto de Bioeconomia de la Universidad de Valladolid
(BioEcoUVa), Universidad de Valladolid
e-mail: gararujob@abo.fi

Key words: solid foams, biomass valorization, sugar alcohols, kinetics, mass transfer

The efficient valorization of biomass remains a central challenge in chemical reaction engineering,
particularly for three-phase catalytic processes such as hydrogenation. In these systems, a liquid-
phase substrate reacts with dissolved gas at the surface of a solid catalyst, coupling hydrodynamics,
mass transfer, and intrinsic reaction kinetics. Sugar alcohols such as sorbitol and xylitol, obtained
by sugar hydrogenation, are valuable ingredients in alimentary and pharmaceutical products.
Conventional slurry reactors using finely dispersed catalysts can reduce internal diffusion
limitations, but they complicate catalyst separation and are typically restricted to batch operation.
For process intensification, continuous operation is highly desirable. Metallic open-cell foam
catalysts represent a promising alternative due to their high void fraction, thin catalytic layers, and
excellent heat transfer properties. From a technical viewpoint, continuous operation with solid
foams is straightforward, but reactor performance remains strongly governed by liquid distribution,
wetting efficiency, dispersion, and gas—liquid and liquid—solid mass transfer, requiring integrated
analysis to approach intrinsic kinetic control.

Continuous hydrogenation of xylose to xylitol was investigated using a synthesized Ru/C solid
foam catalyst in a parallel screening co-current downflow reactor under varying operating
conditions (60-90 °C, 0.25-1.25 mL min"' liquid flow rate, and 0.13-0.39 M xylose
concentration). Reactor hydrodynamics were characterized by residence time distribution (RTD)
and liquid holdup measurements. The results were interpreted using an axial-dispersion reactor
model coupled with a kinetic expression based on non-competitive adsorption of hydrogen and
xylose, including external mass transport of the reactants. Temperature and liquid flow rate were
identified as key parameters, influencing intrinsic kinetics and residence time, respectively. The
analysis quantified gas—liquid and liquid—solid mass transfer contributions. Although solid foams
mitigate internal diffusion limitations, external transport resistances remain significant and may
limit overall performance. These findings highlight the importance of improving catalyst wetting
and interfacial transport to fully exploit foam-based structured catalysts in continuous three-phase
hydrogenation.



