MHEEFEMERTE

MENEERICH (I DR FRROBHEZDET VYT

2
<t

Analysis and Modeling of Granule Growth in Fluidized Bed Granulation

AR

Kentaro HAYASHI
A X7 7 — 2R et BARBHFEAHS A E BN BRI

Formulation Development, Production Technology Department, Technology Development Division,
Shionogi Pharma Co., Ltd.

 mEg h

KARTIE. REBBEREDEERT —)VTORERER. BEERZE (DEM) ERIERFIZ (CFD) DERKICKD
WFEEEN. SOICHRICHERLIRE2LL—Y3aVNSYRETIL(PBM) [CKD. WIFOEE - FERIRRET
OBRANSX—5 EDORRZHAT DI L ZBNICERNARZITolc. PAT Y —ILICKBDUFRAERRD 5.
BHDORAERRABRB IV ZDRT RO FABOERFMEIC—HT A LZRE Ulc, E5IC, RENEISH
FZRIIEROR TFRERZMIAT DcdH(C. DEM-CFD EREETH SEH U fcfuF DERARRHZRET D &
[CKD. TOTRINSA—5ZERUIHR PBM ZR=RE LT, A PBM [CKDER UTctiED S, REOTO
EREFREICRVEEEEICBVNT, EEAT—I)LORAMELBO TEVEET—HE UL, 5IC. APBMIC
&b, ELDEGRGICHEVNTENESIMORBELZTATHIENTER.

Bl Abstract

In this study, a novel population balance model (PBM) included process parameters of fluidized bed
granulation was proposed based on the experimental results at the production scale and the particle
collision analysis with discrete element method and computational fluid dynamics (DEM-CFD) coupling in
order to investigate the relationship between granule growth phenomenon and process parameters. It
was clarified that the start and end points of the rapid granule growth in the fluidized bed granulation
coincided the moisture content at the plastic limit. A novel PBM taking process parameters into
consideration was proposed by implementing the collision frequency function derived from DEM-CFD
coupling to reveal the changes in particle size during fluidize bed granulation including drying process.
The particle size distributions calculated using the PBM agreed extremely well with the actual values
at the actual production and process time scales. This PBM can also predict the changes in particle size
distribution under various operating conditions.
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Table 1 Formulation of powder samples.

Component Function Content [wt%]
Dried Aluminum hydroxide gel  Active ingredient 41
Magnesium oxide Active ingredient 21
Hydroxypropylcellulose Binder 10
Others Filler 28
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Table 2 Properties of powder samples as
physical mixture.

Mass median diameter [um] 11
Sauter mean diameter [um] 35
Particle density [g/cm?] 2.3
Bulk density [g/cm?] 0.50
Plastic limit on dry basis [%] 39
2 RARALRARAE RARAE RARLE RAREE RARRE LALRE RALLE RALLE LA
L5 .

Torque [N-m]
T

o b ]
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Drv-hasis moisture content %1

Fig. 1 Granulation torgue of powder samples.
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Table 3 Operating conditions at commercial scale.
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Spraying conditions

The number of spray nozzles [-]
Nozzle insert (i.d.) [mm]
Spray air pressure [Pa]

Water feed rate per nozzle [kg/min]

9
2.2
5x10°
0.1-04

Inlet air Inlet air Water feed rate per

Step temperature velocity

powder mass

Step transfer conditions

(K] [m/s] [(kg/min) /kg]
Blend 298 0.6 NA For 1 min
Spray-1 298 0.61t00.9 0.02 For 25 min
Spray-2 298 09to1.6 0.01 When MMDS reached at 610 um
Drying 298t0 368 1.8to 1.3 NA When outlet air temperature reached at 321 K

Note : Fluidized bed granulator was used after warmed to i) 319K, ii) 337 K, i) 314 K
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Fig.2 Changes in inlet air velocity in (i)
standard, (ii) slow, and (iii) rapid
conditions.
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Fig.3 Changes in mass median diameter and dry-basis moisture content in ( i ) standard, ( ii )
slow, and (iii) rapid conditions at commercial scale (the threshold of moisture content, Winr
is 38.9 %)
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CFD: Initialize
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Fig.5 Schematic of PBM with DEM-CFD coupling.
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Table4 The process parameters of fluidized bed granulation and drying at timepoints under

standard conditions.

Time, Inlet air velocity,  Dry-basis moisture content,  Total number of coarse grain model particles.
t [min] Uo (1) [m/s] W (t) twt%] Neew (1) [-]
31.2 1.1 376 3.1 x 10°
42.5 1.3 41.6 1.8 X 10°
54.0 1.6 43.3 8.6 x 10*
67.0 1.8 376 6.4 X 10*
745 1.7 309 75 x 10*
84.7 1.7 20.9 1.2 x 10°
94.7 1.6 10.2 1.8 x 10°
101.0 1.1 6.0 1.9 x 10°
105.3 1.2 5.1 2.2 % 10°

Table 5 List of parameters used for model particles and walls.

Particle properties : Poisson’s ratio [-] 0.25
Solids density [ka/m?] Use Eq. (20)
Shear modulus [Pal le+6
Particle-wall and particle-particle interactions :  Coefficient of restitution [-] 0.2

Coefficient of static friction [-] 0.5
Coefficient of rolling friction [-] 0.01

Wall properties :

Poisson's ratio [-] 0.29
Solids density [kg/m?] 7.8e+3
Shear modulus [Pa] 7.6e+8
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Table 6 List of parameters used for PBM calculation.

Maximum of particle size diameter Gimax [Mm] 2
Maximum of particle size class imax [-] 14
Dry-basis moisture content at start under standard condition W (to) [-] 4.4%
Dry-basis moisture content at start under slow condition W (to) [-] 5.3%
Dry-basis moisture content at start under rapid condition W (to) [-] 4.6%
Time step for PBM Atpeeu [s] 10
Threshold of moisture content Wine [-] 38.9%
Coalescence efficiency constant Wall 1.1 x10%
Particle size constant for coalescence Asl-] 0.75
Breakage efficiency constant wsl-] 29 x 10%
Particle size constant for breakage Ao [-] 2.3
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