Particle Motion
in the Wurster Coating Process
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Introduction

The Wurster system known as the bot-
tom spray process is commonly used for
coating of small particles in food and
pharmaceutical industries for stability,
taste masking or controlled release. The
process is complex but its control is es-
sential to insure a good coating quality.
Our objective is to increase the under-
standing level of the process by determi-
ning the particle trajectories and residen-
ce times in different parts of the reactor.

Materials & Methods
Microcrystalline cellulose particles (Glatt
Systemtechnik GmbH), with volume
weighed average size of 1 mm and a
density of 1350 kg - m-3 (Fig 1), are flui-
dized in the Uni Glatt pilot (Glatt GmbH,
Binzen, D) with a cylindrical insert of
0.074 m diameter and 0.15 m height
(Fig 2).

Fig 1: Micrograph of micro-crystalline cellulose
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Fig 2: Scheme of the Wurster coating process

Fig 3: The 4-steps Wurster process

Observation of particle motions
The Wurster process can be divided in
four regions (Fig 3)

@® The upbed region (A): The approach
air velocity is much greater than the
particle terminal velocity. So, particles
are transported vertically by pneuma-
tic conveying with a very high porosi-
ty (of 0.9 in our case). In this region,
particles are wetted by the sprayed
coating liquid and they begin to dry
before attending the second region.

® The deceleration region (B): Particles
leave the upbed to enter in the
expansion region, where they are in
deceleration. They travel a certain
distance upwards in a parabolic direc-
tion before they loose their momen-
tum and start to fall down in the
annulus. The particle’s drying continu-
es in this region.

® The downbed region (C): Particles
flow downwards in the annulus in a
plug flow manner before they re-
enter the upbed region. In this region,
particles must be completely dried to
avoid the sticking of particles and
their agglomeration.

@® The compact bed region (D): It con-
sists of an expanded bed where par-
ticles are moving slowly towards the
upbed region.

Particle trajectories

Particles position (z) and particles velocity
(U) are computed as functions of time
from the equation of motion. Regions
(A), (B) and (C) are characterized by a di-
luted transport (high porosity). It means
that particles move in an isolated way so
that the inter-particle forces are negli-
gible.

du Cpm-dp
—F 8 W=t
dt 8

Cp : Drag coefficient

dp : Average diameter of particle (mm)
U : Particle velocity (m/s)

. Air velocity (m/s)

t : Time (s)

pg : Airdensity (kg/m3)

In each region, the residence time is de-
ducted from particles trajectory in the re-
actor (Fig 4). For the compact bed region
(D), an important contact exists between
particles (low porosity = 0.1) and the re-
sidence time (t;()) is deducted from this
equation:

tr(D) = tcycle = z tr(A,B.C)

Mp
where teycle =
Qp
trw @ Residence time in the region x (s)

: Mean time of the whole cycle
of particle (s)

M : Bed mass (kg)

Qp : Particle circulation rate (kg/s)

Equations have been solved by Lagrange
numerical method (Matlab) for several
total air flows.

This table summarizes the 4 residence
times which depend strongly on air flow.

Region A B C D

Tr (s) 0.62 | 052 | 1.48 5
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Particle trajectory
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Fig 4: Particles trajectory in the Wurster process for total air flow of 115 m3- h-1

Conclusions
Using numerical method, the mean par-
ticles trajectory in the Wurster process
can be predicted depending to the air
fluidization velocity. It allows to calculate
the residence time which can be control-
led and optimized relating to the drying
of droplets deposited on particles. We
can conclude that:

@ Particles spend little time in zones A,B
and C, this time must be sufficient to
dry the layer of deposited coating. If
not, agglomeration of particles may
occur in the zone D where there is a
strong accumulation of the particles
(an expanded bed).

@ Particles remain longer in the zone D.
This residence time depends strongly
on the load of the particles and flui-
dization conditions. It has to be con-
trolled in order to avoid an overhea-
ting for particles sensitive to high
temperature.

® The knowledge of the residence times
may help us to define the operational
parameters necessary to lead to a uni-
form coating and low degradation of
fragile materials to be coated.

Forthcoming Events

TTC-Workshop no. 52
PHARMAWASSER

German language
19 - 20 September 2002
BINZEN

TTC-Workshop no. 54
PAN COATING

English language
15 — 17 October 2002
BINZEN / PRATTELN

TTC-Workshop no. 55
GRANULATION + COATING

English language
22 - 23 October 2002
WEIMAR

TTC-Workshop no. 56

GLATT
STEUERUNGSSYSTEME
UND WARTUNG

German language
12 - 13 November 2002
BINZEN

TTC-Workshop no. 57

GLATT CONTROLS
AND MAINTENANCE

English language
14 — 15 November 2002
BINZEN

TTC-Workshop no. 58
PELLET WORKSHOP

English language
3 -5 December 2002
BINZEN

TTC-Workshop no. 59

SAFETY MANAGEMENT
FOR THE PROCESSING OF
POWDEROUS PRODUCTS

English language
10 - 11 December 2002
BINZEN

TTC-Workshop Nr. 60

OPERATOR-IWORKSHOP
Arbeiten mit der Wirbelschicht

German language
29 — 30 January 2003
BINZEN

TTC-Workshop no. 61

CONTAINMENT AND
INTEGRATED PROCESSING

English language
4 -5 February 2003
BINZEN

@Iaﬂ“’ International Times No. 14 - September 2002 11



