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1. Introduction

Adsorption is a commonly used process in the chemical industry nowadays, since it is considered
one of the most effective and economic methods for analytical purposes (i.e. chromatography) and for the
treatment of waters contaminated with heavy metals®. Another noticeable application for adsorption is the
impregnation of mesoporous solids with metallic ions for the preparation of heterogeneous catalysts®. In
such applications, adsorption occurs through ion exchange between metal ions in the liquid solution and
groups on the solid surface and is governed by diffusion processes. However, ion exchange is not easily
controllable due to the complexity of the porous medium and the ionic solution®. Over the years, several
researchers evaluated the aforementioned applications by modelling their physico-chemical phenomena
using mathematical models for molecular diffusion (i.e. Fick’s law) and adsorption (i.e. adsorption
isotherms)*; yet omitting the non-homogeneity of the solid surface, the non-ideality of the liquid solution,
and the ion exchange between the liquid phase and the solid surface.

2. Experimental (or Theoretical)

In this study, we use two impregnation techniques of alumina pellets with nickel nitrate solutions: 1)
batch experiments conducted in a previous study by Catita L. et al.? (Figure 1-A), and 2) breakthrough
experiments in a Continuous Stirred-Tank Reactor (CSTR) conducted in this study (Figure 1-B). In Figure 1-
A), one alumina pellet is submerged in water and, then, in nickel nitrate solutions (with concentrations
ranging from 100 to 300 mol/m®) for 30 seconds. Impregnation inside the pellet is after that monitored by
MRI analysis. In Figure 1-B), a basket inside a CSTR is filled with alumina pellets and nickel nitrate
solutions flow through the reactor. The pH, conductivity, and UV absorbance of the liquid solution exiting
the reactor are measured for analysis of the impregnation process.
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Figure 1. Description of the impregnation techniques studied: A) batch experiments employed by Catita L. et al. and B)
continuous experiments applied in a CSTR in this work.
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A dynamic model is developed for the abovementioned impregnation processes, in order to simulate the
transport of nickel ions in the liquid solution inside the pores and the ion exchange between nickel ions from
the solution and hydrogen ions on different adsorption sites on the alumina surface (each site with different
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adsorbing properties). The model simulates the evolution of the nickel concentration in the liquid and
adsorbed phases and the average distance travelled by nickel ions inside the alumina pellet; and compares the
simulation results with the experimental results. The liquid solution is assumed to be ideal (Fick’s law is
used to model molecular diffusion) and the ion exchange is assumed to occur between one nickel ion and
two hydrogen ions on the alumina surface. A parameter estimation technique based on the Isgnonlin method
on MATLABE® is used to estimate the model parameters (i.e. equilibrium constants of the ion exchange) by
fitting the experimental results to the simulation results.

3. Results and discussion

The model predicts the time and space evolution of the concentrations of both nickel and hydrogen
ions in the liquid and adsorbed phases, inside alumina pellets. Due to the parameter estimation technique
employed, the simulations agree well with the results of Catita’s impregnation experiments? (Figure 2).
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Figure 2. Comparison between simulations (solid lines) and experimental results (dots) for the average distance travelled by
nickel ions inside alumina pellets impregnated with 3 impregnation solutions with different initial nickel concentrations.

Results shown in Figure 2 show that, the greater the initial nickel concentration is, the greater the distance
travelled by nickel ions inside the alumina pellet but the faster the solid surface saturates; showing that
diffusion is the limiting process. The model also predicts a decrease in the pH of the liquid solution inside
the alumina pores (surely owing to the ion exchange between the nickel and hydrogen ions), which is later
validated by the results of the adsorption experiments conducted in the CSTR (Figure 1-B).

4. Conclusions
The study is to be improved by accounting for the non-ideality of the liquid solution. Moreover, the
simulation results are to be further validated at different initial conditions of pH and nickel concentration.
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