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Abstract

Sodium bicarbonate is produced in a bubble column by injection carbon dioxide gas into the
carbonate and bicarbonate liquid solutions. This paper investigated a triple-phase mass transfer
coupled with chemical reactions and crystallization. In this work, a mole balance has been
written on flows and components, utilized the Danckwerts theory for mass transfer between gas
and liquid phase and a population balance to obtain the nucleation and growth formula. The
model results compared with the experimental data for validation. Finally, the effects of several
parameters were investigated on the sodium bicarbonate crystal nucleation and growth rate and
also crystals size distribution. Therefore, this model can predict the carbon dioxide conversion
and the quantity and quality of produced solid crystals in various operating conditions. These
predictions show that the production of sodium bicarbonate crystals and the size of these crystals
increase by increasing the inlet gas pressure or inlet carbon dioxide mole fraction or decreasing
the liquid temperature. But, the carbon dioxide conversion increases by increasing the inlet gas
pressure.

Introduction

Bubble towers are widely used in industry as gas, liquid and solid contactors due to their simple
construction and operation. The bubble tower should be used not only for biotechnological or
environmental purposes, but also for conventional chemical reactions in the production of
sodium bicarbonate. In our previous study, the experimental growth rate and nucleation of
sodium bicarbonate crystals in the bubble tower of Shiraz Petrochemical Complex by gas
injection Carbon monoxide to liquid solutions of sodium carbonate and bicarbonate in unstable
operating state is obtained by measuring the size distribution of solid crystals at certain times.
Because these parameters are measured under unstable operating conditions and also have
significant dependence on these conditions, the use of these experimental values is the main
reason for the error of our previous modeling predicting crystal size distribution under
conditions. It is a diverse and stable operation. Therefore, using a population balance on solid
crystals, these parameters have been calculated under different stable operating conditions for
use in bubble tower modeling.

Methodology

The inner diameter and height of this tower are inner diameter and the height of this bubble
tower is 1.2 and 22 meters, respectively. Due to the low enthalpy of reaction and the installation
of a water jacket around the tower, the temperature of the liquid inside the tower remains
constant. A solution of sodium carbonate and bicarbonate enters from the top of the tower and
carbon dioxide and air gas mixtures are injected into the tower from below. When the
concentration of sodium bicarbonate produced reaches its saturation level in solution, solid
crystals begin to form. Mass transfer equations are obtained using a one-dimensional differential
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control volume. The presence of a rotational flow in the gas and liquid phases has led to the use
of a radial diffusion model to model the tower.

Conclusion

In this paper, the factors affecting the quantity and quality of production of solid sodium
bicarbonate crystals in the soda unit of Shiraz Petrochemical have been studied. This modeling is
based on three-phase mole balance with adsorption and chemical reaction phenomena as well as
solid crystal population balance and has the ability to predict the crystallization synthesis, carbon
dioxide uptake, sodium bicarbonate solid crystal production and size distribution of these
crystals. This modeling shows the use of growth rate and nucleation of solid crystals obtained by
experiments in unstable operating conditions of the tower.
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