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onto a particle bed in a double cone blender.

Experimental techniques are used to validate
computational models by measuring metal
content as a function of time in specific spray
zones. Different spraying configurations are
implemented in the rotating cylinder to
determine the effect of this parameter on
impregnation and validate simulation results
(see Figure A2). In addition, mixing
experiments are performed to better
understand the relationship between spray flow
rate and its effect on the axial dispersion of
particle bed; an example is shown in Figure A3.

A rotating drum impregnator

Figure A3:
Experimental
study on axial
dispersion
using 5 mm
dyed alumina
particles in a
rotating drum.



Drying of Supported Catalysts

Background

Supported catalysts are essential components in
a variety of industrial processes, ranging from
catalytic converters to production of new drugs.
The performance of a catalytic process is
intimately related to the catalyst design -
uniform, egg-yolk, egg-shell and egg-white
metal profiles. It is generally believed that the
metal profile is controlled by the conditions that
are applied during impregnation where the
metal contacts the solid support for the first
time. However, experiments have shown that
drying may also significantly impact the metal
distribution within the support. Therefore, to
achieve a desired metal profile we need to
understand both impregnation and drying.
Controlling the drying conditions can enhance
catalyst performance.

Project Goals

The goal of this project is to develop a
fundamental understanding of unit operations
during catalyst preparation, so we can predict,
control and optimize metal distribution and
dispersion in supported catalysts. Therefore, we
can provide our partners with efficient tools to
monitor and control the final quality of
supported catalysts.

Summary of Studies

In this work we have developed a theoretical
model for drying which we have validated
experimentally. In this model, we have taken
into account heat transfer from the hot air to
the wet support, solvent evaporation in the
support, convective flow towards the support
external surface due to the capillary force, as
well as metal diffusion and deposition due to
adsorption and crystallization (see Figure B1a).
In general, the convective flow is the main
driving force to transport the metal component
and the solvent towards the supports external
surface (t=500s in Figure B1b), while the back-
diffusion causes metal to transport towards the
support center (t=1000s in Figure B1b).

We also developed a theoretical model to
predict the drying process for high metal load
conditions; this was accomplished by building
upon a model that was established for low metal
loadings. It is found that the drying
mechanisms for low metal loading conditions
and high metal loading conditions are quite
different. This model is applicable for higher
concentrations of nickel nitrate (above 0.1 M).
It included the effects of the metal
concentration on the solution density, viscosity,
surface tension, vapor pressure and the volume
ratio of metal. Good agreement was found
between experimental and simulation post-
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Figure B2: Experimental results compared to post
(b) drying metal distributions using simulation for two

different metal loadings (1.0 M and 3.0 M). (T=800C,
uniform initial condition)

Figure B1: (a) drying mechanism, (b) simulation of the evolution
of the metal distribution during drying.



Figure B3: L-R: Porous alumina supports before impregnation, during impregnation and after impregnation
followed by drying at 80°C.

drying metal distributions for this model using
nickel nitrate. (see Figure B2).

In our work, we are interested in investigating
the importance of the physical properties of the
solid support (porosity, pore size distribution,
particle size) and liquid solution (pH, ionic
strength, initial metal precursor concentration),

the nature of interactions that exist between the
dissolved metal and the solid support (physical
adsorption, crystallization, ion exchange, film-
breakage, pore-blockage), and their effects on
the distribution and dispersion of the active
metal. We have examined the distribution of
various metals such as Nickel, Copper, Barium,
and/or Palladium on Alumina (see Figure B3).

Impregnation of alumina pellets



Scale-up in Rotary Calciner

Background and Goals

Calcination is one of the crucial operations in
catalyst manufacturing. In calcination processes,
heat is applied to ores and other solid materials
in order to bring about a thermal
decomposition, phase transition, or facilitate
removal of a volatile fraction. Developing better
process level understanding of this operation
can significantly improve the quality of the end
product as well as save on energy and material
costs. For a good product quality and efficient
process, it is necessary to raise the temperature
of the particles uniformly with a minimum
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Figure C1: Heat transfer DEM simulations.

processing time. In rotary calciners, which are
the most common devices used for calcination
processes, the calcination process highly
depends on the heat transfer in the radial
direction and on the axial dispersion of the
particles. The heat transfer and the dispersion
of particles depend on the properties of the
particles and the calciner operating conditions,
such as speed of rotation and size of calciner.
Usually, the appropriate process parameters are
determined based on laboratory or pilot scale
experiments. However, the technology transfer
to larger manufacturing scale productions is not
well understood, which prohibits efficient
production. In this project, we use carefully
designed experiments and numerical
simulations to better understand the effect of
material properties and operating conditions of
calciners on the calcination process with a
particular interest in understanding the scale-
up in rotary calciners.

Summary of Studies

We use the discrete element method (DEM) to
simulate the heat transfer and flow of particles
in rotary calciners. The DEM is an idealistic tool
as it can directly represent heterogeneity in the
processed materials and the interaction among
individual particles. Using these simulations,
we have investigated effects of thermal
properties, mechanical properties, and material
properties, such as size and density of particles,
on the heat transfer process in rotary calciners.
We have also studied the effect of operating
conditions, such as calciner size, speed of
rotation, and fill level on the scaling of the heat
transfer process (Figure C1 shows simulation
results for various process parameters.)

In collaboration with consortium member
companies, we also experimentally investigate
the flow and dispersion of powders in pilot scale
calciners. The main goal of these experiments is
to understand the mean residence time and



Figure C2: Colorimeter to analyze concentration of

tracer particles.

axial dispersion of common catalyst powders.
We have investigated the effects of various
operating conditions, such as feed rate, speed of
rotation, baffles, and calciner incline, on the
residence time distribution. (Figure C2 shows
the  colorimeter test for  measuring
concentration of tracer particles used to
measure the residence time distribution). Along
with these, we use small scale laboratory
experiments to investigate thermal properties of
catalyst powders and to validate our DEM
simulations. (Figure C3 shows the laboratory
experimental set-up for heat transfer.)

Based on the simulations and experiments the
following key observations are found:

1) Based on hundreds of DEM simulations, we
developed a quantitative scale-up equation
in rotary calciners for heat transfer via
conduction. Using this scale-up equation,
the appropriate operating conditions
required to raise or lower the temperature
of powders can be determined. If the
thermal properties of the powders are
known, the operating conditions can be
determined without any experiment. If the
thermal properties are not known (which is
usually the case), the appropriate operating
conditions can be determined by measuring
the temperature increase time scale in a

single experiment and utilizing the scale-up
model.

2) We have developed an online graphic user
interface (GUI), so that consortium
members can accesses and use the model. In
the GUI, we have combined the heat
transfer with expected powder flow in
calciners.

3) We have found that the heat transfer rate
has very low dependence on speed of
rotation and fill level, but highly depends on
the size of the calciner. The heat transfer
also highly depends on the thermal
conductivity and heat capacity of the
particles, but the effect of particle size on
heat transfer is negligible.

Figure C3: Side view of the aluminum calciner. 10
thermocouples were inserted within the calciner
through the Teflon made side-wall. The calciner rests
on the computer controlled rollers.

4) In addition to the scale-up model, we have
developed a model to predict the particles’
temperature distribution. We found that
particles with higher density, low thermal
conductivity, in high speed of rotation and
low fill level processes, tend to have uniform
temperature.

5) Baffles enhance the mixing, the heat
transfer rate, and the uniformity of particles’
temperature.




















