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Abstract

Spray drying technology is one of the most popular techniques used for the production
of high value particles by transforming slurry droplets into particles. Its ubiquitous
applications are found in numerous industries such as food, pharmaceutical, chemical
and biological to enhance particle properties, powder handling and storage. However,
the scaling-up of spray dryer for industrial implementation customarily requires con-
struction of pilot-plant apparatus which is a time-consuming and costly process. The
key problem is lack of reliable mathematical models for dryer design as spray drying
is a complex process involving simultaneous heat, mass and momentum transfer be-
tween the drying gas and slurry droplets as well as heat and mass transport inside the
partly dried agglomerates. This study aims to analyze the drying mechanism of slurry
droplets in an industrial scale spray dryer for production of high-value particles.

At first, the comprehensive model is established for description of drying kinetics
of a slurry droplet in the constant and falling drying rate periods. The heat and mass
transfer resistances are taken into account both inside and outside the droplet to-
gether with the movement of evaporation interface as drying progresses. The system
of partial differential equations with moving boundary is solved numerically by an
implicit finite-difference method. The model is validated by comparison of simulation
results with published experimental data. The effects of the drying gas temperature
and flow rate, slurry concentration, initial droplet size and porosity of agglomerat-
ed product are analyzed on the drying kinetics of the droplet containing nanosized
particles.

Thereupon, the mathematical model is developed to simulate the drying of slurry
droplets in the industrial scale spray dryer. The developed model of drying kinetics
of a slurry droplet is incorporated into the model of spray dryer to simulate the
velocity, humidity and temperature profiles of drying gas and droplets along the axial
distance of the drying chamber as well as the distributions of temperature and water

vapor concentration inside the droplet at any axial position in the dryer. The effects
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of the operational parameters such as drying air temperature and flow rate, slurry
concentration, droplet size and the nozzle type are investigated on the drying behavior
of slurry droplets of nanosized silica in the spray dryer. Finally, the drying mechanism
of high-value hydroxyapatite particles is examined numerically in the industrial spray
dryer and compared with that of silica droplets of the same final size.

The results of the present analysis are intended to be used for optimization of spray

dryers utilized in various industries.
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