Author’s Accepted Manuscript —

Mathematical modelling of starch oxidation by .
hydrogen peroxide in the presence of an iron Chemlcal
catalyst complex

Enginering Science
Tapio Salmi, Pasi Tolvanen, Johan Wérna, Piivi
Maki-Arvela, Dmitry Murzin, Alexander Sorokin
www.elsevier.comylocate/ces
PII: S0009-2509(16)30081-1
DOI: http://dx.doi.org/10.1016/j.ces.2016.02.027

Reference: CES12820
To appear in:  Chemical Engineering Science

Received date: 20 July 2015
Revised date: 13 February 2016
Accepted date: 15 February 2016

Cite this article as: Tapio Salmi, Pasi Tolvanen, Johan Warné, Pdivi Méki
Arvela, Dmitry Murzin and Alexander Sorokin, Mathematical modelling o
starch oxidation by hydrogen peroxide in the presence of an iron catalys
c ompl e x ,Chemical Engineering Science
http://dx.doi.org/10.1016/j.ces.2016.02.027

This is a PDF file of an unedited manuscript that has been accepted fo
publication. As a service to our customers we are providing this early version o
the manuscript. The manuscript will undergo copyediting, typesetting, an
review of the resulting galley proof before it is published in its final citable forn
Please note that during the production process errors may be discovered whic
could affect the content, and all legal disclaimers that apply to the journal pertain


http://www.elsevier.com/locate/ces
http://dx.doi.org/10.1016/j.ces.2016.02.027
http://dx.doi.org/10.1016/j.ces.2016.02.027

Mathematical modelling of starch oxidation by hydrogen peroxide in the presence

of an iron catalyst complex
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and Reaction Engineering, FI-20500 Turku/Abo, Finland
b Institut de Recherches sur la Catalyse et 'Environnement, IRCE-Lyon, CNRS,
FR-69626 Villeurbanne, France

Abstract

An advanced kinetic and diffusion model was developed and verified for the oxidation of starch by
hydrogen peroxide in the presence of a homogeneous iron tetrasulphonatophtalocyanine (FePcS)
catalyst. The model takes into account several experimentally confirmed observations, such as the
oxidative formation of carbonyl and carboxyl groups in starch, as well as the decomposition of starch,
catalyst and H20;. The model is based on molecular mechanisms for the oxidation and decomposition
reactions as well as on the dual structure of starch particles comprising an outer reaction layer and an
internal porous layer, in which diffusion resistance retards the reaction rate. Adsorption of the
catalyst on the starch surface is included in the model. The mathematical model explained very well
the experimentally observed complex behavior of starch oxidation kinetics and hydrogen peroxide

decomposition.
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1. INTRODUCTION

Starch is a native macromolecule consisting of anhydroglucose units (AGU) linked together by a-
glycosidic bonds. Native starch appears in two forms, amylase (linear) and amylopectin (branched).
Oxidation of starch is a very interesting and challenging process, both from the viewpoints of science
and technology. The goal is to oxidize some of the hydroxyl groups in starch to carbonyl and carboxyl
groups. Oxidized starch has a much better water solubility than native starch and it is used in several
applications, such as paper coating and sizing as well as in textile sizing, and in in alimentary industry

as gelling agent [1-9].
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