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Abstract

The paper sets an example of modeling the expansion and bed pressure drop of the cohesive and problematic
material - titanium dioxide modified by Aerosil R972 in program Ansys / CFX - Fluent using two multiphase
models, Euler Fluid-Granular Model and Dense Discrete Phase Model at certain predefined conditions in a
square section fluidized bed cell. The variables bed pressure drop, particle concentration in volume and
velocity field of solid particles were defined for the simulations in metallurgical processes.

The research follows on from the previous study of simulating the arrangement of spherical particles with a
diameter of 2-10 mm and compares them with the experiment, where it was discovered, that the square section
fluidized cell achieves the best results with spherical particle arrangements of diameter 8 mm.
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1. INTRODUCTION

Titanium dioxide is a chemical compound of titanium and oxygen. Normally, its naturally contaminated form by
other metal ions appears in several mineral forms, its artificially created counterpart is called Titanium White
[1,2].

Titanium dioxide is utilized mainly in the form of pigment in paints for its distinctive brightness and refractive
index (reported n = 2.7 in the literature [3]), in the food industry in the form of a dye as catalyst. Other uses of
titanium white can be found in optics in the form of a suitable material in the manufacture of dielectric mirrors,
as a thin film from this material, utilized for its high reflectivity, color fastness, whiteness, opacity, and the so
on.

These properties can also be exploited for dyeing in the form of pigment for use in plastics, paper, food,
pharmaceuticals, etc. Its other important feature is also hydrophobia, which is applied in a wide range of
process industries of various materials and products. In the automotive industry its use can see in the
production of glass and catalysts for its good antioxidant abilities and in the field of disinfection and self-
cleaning substances, especially in coatings (formation of nanostructures with a lasting effect [4]). More
recently, it has been used in photovoltaics for power generation and as a material suitable for the ability to
'purify air' due to its photocatalytic properties.

Titanium white, due to its granulometric composition, and by the effect of interparticular forces causes
problematic behavior in transport, handling and storage systems. An effective tool to improve these properties
is the process treatment of the material (coating with nanometrically structured particles) prepared by different
methods, granulation, etc.). Fluidization of the material appears to be a very important and efficient process
modification method ensuring the improvement especially of fluidity in transport and handling systems [5,6,7].
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In this work it will be presented an example of modeling the expansion and bed pressure drop of the cohesive
and problematic material - titanium dioxide modified by Aerosil R972 in program Ansys / CFX - Fluent using
two multiphase models, Euler Fluid-Granular Model and Dense Discrete Phase Model at certain predefined
conditions in a square section fluidized bed cell [8-13].

2. FLUIDIZATION PROCESS

The behaviour of particle systems during fluidization is quite unique and it is possible to observe a number of
interesting phenomena applicable in industrial practice [14] as well as a material processing [15-20]. Research
in the field of particle system fluidization in a rotating fluidized bed as opposed to conventional fluidized beds
is important for understanding the behavior of centrifugal systems widely used in filtration, drying and
centrifugal separation. The behavior of the fluidized particle structures is dependent on the particle size and
the difference in density of the fluidized particles and the medium.

2.1. Modeling fluidization using multi-phase models

In modeling fluidization within a fluidized bed, it is presumed that it is a non-stationary simulation, multiphase
models are used for calculation. In this case of fluidization modeling, two multiphase models were used. Those
are: Euler Fluid-Granular Model (EFG) and Dense Discrete Phase Model (DDPM). The aim of the simulation
is to determine bed pressure drop, particle concentration in volume and the velocity field of solid particles.

The settings for the geometry of the beds with various cross-sections (plan views) such as a circle and a
regular three, four, five, six, and seven-sided polygon were simplified for the benefit of computational power.
A circular bed cross-section (plan view) can be replaced by a periodic section of 3D geometry or axially
symmetrical 2D geometry. The fluidized bed with a regular n-angle cross-section (plan view) can be replaced
by a periodic section of 3D geometry. The distributor made of fabric can be defined as a porous material, and
the porous material can be replaced by a porous medium in the form of a single cell zone series. The
computational geometry will then begin above the distributor and end above the top fabric representing the
filter. The fabric of the distributor and filter is of the same porous material.

2.2. Calculation setup - model theory

General settings were made for both 2D and 3D space, in both cases with double precision, and where flow
was kept as non-stationary. To determine whether it was turbulent or laminar flow, it was necessary to
determine the Reynolds number Re from the hydraulic diameter D, the viscosity of the carrier medium y =
1.51-10° Pa.s and carrier flow rates v. The hydraulic diameter for a cell with a cylindrical area is equal to the
diameter of the cell, D = 40 mm. The inlet air velocity is calculated from the air flow rate, which is Q = 0.84
m3/h.
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R, < 2300 it is therefore laminar flow.

2.3. Modeling parameters and properties of TiO, modified with SiO, Aerosil R972

SiO2 Aerosil R972 (Table 1) depicted in Figure 1 a) is commonly used as an additive in silicone sealants, and
also contributes to their durability. In combination with problematic cohesive powders it also improves their
flowability and prevents the characteristic sintering of the powders during storage [15]. Hydrophobic silica
Aerosil R972 has a specific surface area of 130 m?/g (Table 1) and that is why it was chosen for investigating
the possible improvement in titanium dioxide fluidity. Basic material properties are listed in Table 2. Titanium
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white was modified with Aerosil R972 during processing by mixing on a vibration grid and subsequent inputs

were used for modeling fluidization states.
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Figure 1 Scanning electron microscopy image of a) silica particles, b) TiO2 [14]

Table 1 Defined physical and chemical properties of R972 silica, taken from Evonik Industries AG,

Production formation AEROSIL R972

Description of Aerosil R972 Value
Specific surface area (BET) (m%/G): 90 -130
pH value in 4% dispersion: 3.6-55
Loss on drying 2 hours at 105 °C <0.5
Tamped density ISO 787-11, modified approx.(g/l): 50
SiO2 content based on ignited material (%) 99.8

Table 2 Mechanical and physical properties of the investigated TiO> material, detected in Laboratory of

Institute of Transport, FS, VSB - TU Ostrava

Material description of TiO2 Value
Average particle size (um): 0.63
Angle of internal friction (°): 45.8
Porosity: 0.8
Bulk coefficient: 0.164
Bulk density (kg/m3): 795 - 884
Bulk weight (N m3): 7.8-8.7-10°
Coefficient of internal friction: 1.03

pH value: 6-8
Whiteness (%): 97

2.4. EFG Model

In this multi-phase model in Table 3, the primary (continuous) phase was air, the secondary (dispersed) phase
was the solid material (TiO2) modified with the properties of Aerosil R972. Transport equations are solved for
both phases. Both phases have their volume. When the calculation is initialized, the volume fraction of the
secondary phase (TiOz) is defined. The primary phase (air) is added to 1.
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Table 3 Model parameters, calculation settings, boundary and boundary conditions and material properties

Model parameters

Space dimension: 2D /3D
Precision: double
Flow: non-stationary, Incompressible
Models: laminar, EFG for non-stationary flow
Calculation settings
Type: pressure based
Coupling: simple
Volume Fraction: quick
Momentum: 2nd order
Gradient: green-Gauss Node-based
Volume fraction: 0.4
Time stepping method: fixed
Time step size: 2-108
Max iterations / time step: 30
Operating conditions
Pressure (Pa): 101325
Gravity (m/s?): 9.81
Material properties
Material: Air
Density (kg/m3): 1.2
Dynamic viscosity (kg/ms): 1.8-10°
Max. volume fraction in bed: 1
a) b)
1.88e-01 1.82e+03 8.67e-01
. 1.78e-01 - 1.73e+03 . 7.57e-01
1.69e-01 1.64e+03 6.46e-01
1.60e-01 1.55e+03 5.35e-01
1.50e-01 1.46e+03 4.24e-01
1.41e-01 1.37e+03 3.13e-01
1.31e-01 1.28e+03 2.03e-01
1.22e-01 1.18e+03 9.19¢-02
1.13e-01 1.09e+03 -1.89e-02
1.036-01 1.00e+03 -1.30e-01
9.39¢-02 9.11e+02 -2.40e-01
I 8.45¢-02 - 8.20e+02 (- -3.51e-01
7.51e-02 7.29e+02 -4.62e-01
6.57e-02 6.38e+02 . -5.73e-01
5.64e-02 5.46e+02 -6.84e-01
4.70e-02 4.55e+02 -7.94e-01
3.76e-02 3.64e+02 -9.05e-01
2.82¢-02 2.73e+02 -1.02e+00
1.88e-02 1.82e+02 -1.13e+00
9.39¢-03 9.11e+01 -1.24€+00
0.00e+00 0.00e+00 - -1.35e+00

Figure 2 EFG model - titration of volume fraction
of the titanium white a) contour of the pressure

(Pa); b) [14]

Figure 3 EFG model - Patters of axial
velocity of titanium white in m/s
(contour plot) [14]
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The model was set up by modeling a bed dose of 300 g for a circular cell with a flow rate of Q = 0.84 m%h.
From Figure2 on the right one can see a longitudinal section of a circular whole, in which the pressures are
color-coded and depicted by contours. From the scale of the legend, the maximum pressure can be read,
which is colored red and also represents the pressure drop in the system. The pressure drop determined by
numerical modeling is AP = 1820 Pa. It differs from the measured pressure drop AP = 2204 Pa and the
calculated pressure drop AP = 2230 Pa, which can be caused by several input quantities, such as the
resistance coefficient in the calculation, which is difficult to define when setting the calculation model. Another
factor that must be defined and considered is the wall function, which in our case was set as a "no-slip" for
both the gas and the particles themselves. Figure 3 shows a plot of the axial velocities of titanium white for
the circular cell under consideration and the defined conditions.

2.5. DDP Model

a) b)
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Figure 4 Patterns of a) the titanium dioxide bulk fraction and b) the axial velocity patterns of the titanium
dioxide in the DDP model in m/s [14]

Transport equations are solved only for the primary phase. The forces acting on the secondary phase (discrete
particles - TiOz are calculated from the primary phase flow modified with Aerosil R972). In the results, the
discrete phase trajectories are calculated with the reverse impact of the primary flow. The secondary phase
does not have its own volume. Initializing the calculation creates a file with information about the initial state
and amount of discrete particles. Figure 4 shows the contours of the titanium dioxide bulk fraction on the left
and the axial velocity contours of the titanium dioxide in the DDP model.

3. CONCLUSION

The results of the expansion and pressure drop calculations of the cohesive material bed showed that in a cell
with a regular hexagonal section, the experimentally measured value of bed pressure drop for 500 g of TiO2
and flow rate Q = 0.6 m%h is equal to AP = 3742 Pa, the calculated bed pressure drop value for this cell is
equal to AP = 3743 Pa. Therefore, the calculated value differs from the experimentally determined value by 1
Pa. Between the experimentally determined pressure drop (AP = 2947 Pa) and pressure drop calculated (AP
= 2947 Pa) there was a match for the cell with a pentagonal section into which 400 g of the Aerosil R972
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modified TiO2 was inserted at air flow Q = 0.6 m%nh. The calculated values were very close to the experimental
values and it was found that for some cells a smaller air flow was sufficient for the same dose than for others.
A triangular-sized cell in all cases needs the greatest amount of air flow for aeration, while a seven-sided or
circular cell in most cases needs the least amount of air required for aeration. In Ansys / CFX - Fluent, models
were created using two multiphase models, the Euler Fluid-Granular Model (EFG) and the Dense Discrete
Phase Model (DDPM). The simulation determined the bed pressure drop, particle concentration in volume and
the velocity field of solid particles.
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