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Highlights
e A new chromatographic reactor model was developed.
e  Methyl acetate hydrolysis was simulated.
e The performances were compared with most advanced existing model.
e  Model implemented in gPROMS ModelBuilder.

1. Introduction

The esterification of carboxylic acid with alcohols is a hot topic of the modern bio-refinery, to produce, for
example, solvents, plasticizers [1]. Nowadays, a lot of effort is in progress to optimize the synthesis of
several esters. The right reactor should optimize the physical characteristics of the system that is, as before
mentioned, a liquid-solid reaction. Among the different choices, the use of a chromatographic reactor [2].
For example, Mazzotti et al., instead, used the simulated moving bed reactor (SMBR) packed with
Amberlyst-15 catalyst to perform acetic acid esterification to ethylacetate, demonstrating that the resin can
be used both to catalyze the reaction and separate the stream. It is important to underline that to design such
apparatus, accurate and reliable models are needed, involving profiles along different coordinates (time,
reactor radius, reactor axis and catalyst radius) [3-5], the knowledge of physical and chemical properties, and
powerful tools to reach a reliable solution. In the present work, the development of a reactor model, that can
be used to interpret experimental data collected in chromatographic reactors will be presented. Methyl
acetate hydrolysis catalyzed by DOWEX 50W-X8 catalyst was chosen as case study [6].

2. Methods

The developed model can be considered an advancement respect to the recent efforts published in the
literature [6]. The breakthrough idea is to develop a model where no rate-determining-step is considered,
writing the opportune mass balance equations on both the liquid bulk and intraparticle phases (see Table 1
for details). All the physical parameters were calculated from existing correlations.

Table 1. Model hypothesis and upgrades with existing strategy.

Vu and Seidel-Morgenstern [6] | Present research
Pseudo-homogeneous model Fluid-solid model

Lumped axial dispersion Axial dispersion

Kinetic regime Fluid-solid mass transfer resistance
Kinetic regime Intraparticle diffusion

The liquid bulk and intraparticle mass balance equations are respectively reported in Eq.s 1-2.
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The model was implemented in gPROMS ModelBuilder v.4 software, by solving the axial and particle radial
partial derivatives with a centered finite difference method with respectively 150 and 25 discretization points.
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3. Results and discussion

Methyl acetate (MA) hydrolysis kinetic rate laws with related parameters are fixed and directly taken from
literature [6]. The following simulation conditions were set: flowrate=0.75 mL/min, temperature=298K-
328K, stream=pure water. The results of the developed model were compared with the output obtained by
Vu and Seidel Morgenstern. Firstly, a simulation of an unreactive system was made with the two models
(present and literature model), by injecting a three-component pulse (MA, acetic acid, methanol, 0.5 mol/L
each) at the inlet of the column. The results reported in Figure 1-left clearly demonstrates that two models
show the same output. Even if the output is very similar, the novelty of our model is that all the necessary
physical parameters are estimated with existing correlations, i.e. the diffusivities. This is clearly a novelty in
the field, because the existing models lump the intraparticle diffusion in adjustable semi-empiric parameters
fitted on the peak width, having no physical meaning. Thus, our model is characterized by a more predictive
power.
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Figure 1. Comparison with literature model (left): symbols represent the output obtained with Vu and Morgenstern model [6], lines
the output of our model; description of experimental data [6] (right): symbols are experimental data, lines the model description.

A second simulation was performed by considering the reaction, by simulating the injection of 100pL
0.5mol/L. MA in water at different temperatures (Figure 1-right). As it can be seen, our model correctly
describes the experimental data reported in the literature, with no additional fitting parameters.

4. Conclusions

A novel chromatographic reactor model was developed to interpret experimental data dealing both with the
esterification of carboxylic acids and with the hydrolysis of organic esters. The model is advanced respect to
the state of the art because no rate-determining steps are considered. All the physical and chemical
phenomena are taken into account. In perspective, the model can be applied in optimizing the
esterification/hydrolysis processes.
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