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ABSTRACT

The objective of this study was to investigate #fiect of

particle surface moisture content on growth rateingdu
agglomeration. In order to establish the relatigméletween
process conditions and particle surface moisturdert and
temperature (and their spatial distribution in thadized

bed), the combined population balance and thernmadis
model, as described by Ronsse et al. (2007a,b),used.
Growth kinetics were experimentally verified usih@0 pum
glass beads and maltodextrin based aqueous bioligioss,

under varying process conditions. Studied procesmbles
included binder concentration, fluidization air fgenature,
liquid binder feed rate and liquid binder atomisati
pressure.

INTRODUCTION

Fluidised bed agglomeration is a widely used upiration
in the agrochemical, food and pharmaceutical intesstvith
the aim of increasing particle size and consequend
modify the behaviour of powders. In the fluidise@db
agglomeration process, the binder, in the formméqueous
or organic solution of a polymer, is continuoustpraised
onto the fluidised particles (Link & Schliinder, 79%anket
al., 2001). Particle growth is realised by means of
interparticle liquid bridge formation (Link & Schider,
1997; Salefet al, 1999). In order to solidify the interparticle
liquid bridges, the bed is supplied with air haviaghigh
evaporative capacity (Depypestal, 2003)

As the fluidised bed agglomeration process involvesries
of complex thermodynamic interactions between ffferént
phases involved, the agglomeration process is piogeeld-
reducing or quality-degrading side-effects, i.ecamtrollable
particle growth and bed quenching (Guigneinal, 2002;
Teunou & Poncelet, 2002). Although controlled
agglomeration is the objective in many fluidisedd benit
operations, in some applications agglomeration lso a
considered a negative side-effect (Dewettinck &
Huyghebaert, 1998; Kaget al 1998; Nakano & Yuasa
2001). For instance, in aqueous film coating, thefepred
particle growth mechanism is layering, i.e. thedein is
deposited on the particle surface without stablerparticle
bridge formation. Whether growth by layering or gt by
agglomeration is promoted, depends on process tmmsli

including the fluidised bed’s evaporative capacfps a
function of fluidisation air supplied to the bedhdathe
spraying rate of the dissolved binder, as is ex#imglin
Figure 1 (Gouin, 2005).
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Figure 1. Relationship between particle growth kasein
fluidised bed coating and the spraying rate andiiation
air flow rate process variables (after Gouin, 2005)

One of the more common modelling methodologiestffier
fluidised bed agglomeration process is populatiatarce
modelling. The population balance equation is sestant of
continuity that describes how the statistical disttion of
one or more particle-related variables changes twith and
space (Peglovet al, 2007). If the fraction of particles with
sizeu at timet is given by the number density functiaft,
u), then the change in number of particles with sizas a
result of binary aggregation of particles with s{ge v) and
v is given in the population balance equation aggiw,
2002; Peglovet al 2007),
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In the above equation jit,u,v) the so-callecagglomeration
kerneland expresses the normalised frequency of caisio
between granules with size and v that result in binary
aggregation. The problem with these kernels is tthey are



one-dimensional and only relate particle size tgragation
probability.

With regards to fluidised bed agglomeration, itlear that
growth kinetics is not only influenced by partideze, but
also by particle surface moisture content and tesser
extent, particle temperature - as it, combined \gitinface
moisture content influences the plasticity and assty of the
binder on the particle surface. The objective @ 8Btudy is
the feasibility analysis of including particle saré moisture
content and temperature into future agglomeratemeés.

MODEL DESCRIPTION

The model used in this study is a modified versidrthe
fluidised bed coating model presented and validatgd

Ronsseet al (2007a, b) and also used in scale-up studies by

Hedeet al (2009). The model is based on the horizontal
discretisation of the bed into control volumes (or layers,
S), each having a constant volume and containingratant
number of particles. Distinction is made betweeatiog and
non-coating control volumes. The atomised droplese
only a limited penetration depth in the fluidiseedb hence
the model’s definition of coating control volumeghich are
the control volumes where droplet adhesion, masgn()
and heat transfer occur simultaneously. In nonkegat
control volumes only mass (drying) and heat transéeurs.
A schematic overview of the model is given in Figg@r— for
more details, the reader is referred to Roe$se (2007a).
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Figure 2. Scheme of the batch top-spray fluidised toater
and the overall model, including mass flows ofglas phase
(air), the solid phase (particles) and the sprayding
solution.

Although the original model was intended for moidgl
coating processes, this model was selected for ghidy
based on its possibility to predict the distribnsmf particle
surface moisture content, total binder content padicle
temperature.

The original model was modified so the binder sohut
dispersion on the particles momentarily residing tire
coating control volumes was not continuous. Instethé
binder solution was dispersed in discrete quastitie
corresponding to a pre-set droplet volume amongamanty
selected particles, momentarily residing in thetiogacontrol
volumes. Furthermore, the degree-of-wetting of gheticles
was also added to the model. The degree-of-wetiig)opf a
particle is defined as the ratio of wetted surfacsa A to
total particle surface area,
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A

In the model, for each timestep a number of pasich the
coating control volumes are randomly selected faphbt-

particle adhesion. If particle-droplet adhesion urs¢ then
the wetted particle surface areA,{) is increased by the
droplet maximum spreading surface area,
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In Equation (3) igdhax the maximum droplet spread diameter
(m) after impacting on the particle substrate. Tieximum
droplet spread diameter was calculated using tkariRédeh-
Fardet al (1996) correlation,
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(4)

In equation (4) igl, the diameter of the droplet before impact
(m), &, is the droplet/particle contact angl®e is the
droplet's Reynolds number antfe is the droplet's Weber
number, calculated according to

2
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Where p is the droplet's density (kg/m3)g the surface
tension (N/m),p the viscosity (Pa.s) and is the droplet

impact velocity. In the model used in this studw troplet

impact velocity was assumed to be equal to thdcatit
impingement velocityy,;. The critical impingement velocity
is the velocity above which droplets no longer adhento

the contacting substrate (i.e. the fluidised phasi; it was

calculated according to Link & Schliinder (1997),

L (e, /2)+tart (s, /2))?
o dotan®(6, /2)

(6)



One of the limitations of the use of the degreevefness is
that once a particle is completely covered withiiligbinder
(i.e. Ay = Ayey, the degree-of-wetness no longer keeps track
of the total liquid binder and surface moisturetean (i.e.@,

= 1). Therefore, the particle surface moisture eonhtwas
introduced as an absolute variabW, (in mg/m?) along the
degree-of-wetness. Similar to Equation (3), in cade
droplet-particle adhesion, the particle surface stuoe
content is calculated as,

3
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In Equation (7) iso the droplet’s density (kg/m3) ar@ the
binder concentration of the droplet (kg/kg).

EXPERIMENTAL SET-UP
The experiments were performed in the top-spragtoeaf

the Glatt GPCG-1 fluidised bed unit (Glatt GmbHn&an,
Germany), of which an overview is presented in FégiL
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Figure 3. Schematic overview of the Glatt GPCGuidfsed
bed coating unit.

Glass beads (Sovitec, Belgium) with a volume weight
average diameter of 110 um and a density of 2636h%g
were used as the core material. The binder codsidta 10
W% aqueous solution of a hydrolysed starch, more
specifically Maldex 18 (Tate & Lyle, Belgium). Thglass
beads were fluidised with heated air (75 °C) anth liow
rates between 48.3 and 68.4 m3/h. Compressed 2ib dtar
was used to atomise the binder solution.

In each batch experiment, 0.75 kg of glass beads weed
and the process was terminated when the bindeos®fass
ratio reached 8 w% (i.e. 0.06 kg binder per 0.75ckge
material). Throughout the process (every 10 mijusesl
upon completion, samples of the agglomerated catenmal
were taken and particles size distribution was mnessusing
laser diffraction analysis on a Malvern Mastersizer
equipped with a Qspec dry powder feeder. Basedhen t
particle samples taken throughout the agglomerationess,

the growth rate (in um/min), was determined. An example
of growth rate calculation for a single agglomeratprocess

is illustrated in Figure 4. In this example, 7 et samples
were taken during the agglomeration process (orragee
every 10 min), and the volume-weighted averageigbart
diameterd,s, was determined using laser diffraction analysis.
As can be seen from Figure 4, particle growth wasost
linear (% = 0.97 in the example) and therefore, growth rate
(G in um/min) was defined as the slope of the regpadme

in the ds3 versus time plot. In the illustrated example, the
growth rate was equal & = 0.52 pum/min.
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Figure 4. Example calculation of the growth ratgjirG
pm/min) of an individual agglomeration experiment.

RESULTS AND DISCUSSION

In the agglomeration experiments, different seriek
experiments were performed in which the following
parameters were changed: inlet air temperaturedebin
concentration, atomisation air pressure and birsgpeaying
rate. Initial fluidisation air flow rates were kepbnstant for

all experiments. Using the boundary conditions aefthe
experiment, the process was simulated using the
aforementioned model. Prior to analysing the growth
kinetics, the overall model was validated using
experimentally measured initial steady-state outhdt
humidity, as shown in Figure 5. From these resitlisan be
seen that the model proposed in this paper appesach
relatively closely R = 0.7) the experimentally measured
values.

Next, the model-predicted surface moisture contiming
initial steady-state was compared against the é@xpetal
growth rate, based on particle size measurementsgatar
time intervals throughout the process, and is shiowfigure
6. The results suggesRY( = 0.61) that particle growth
kinetics are positively influenced by surface maist
content. This effect is due to the available binliguid to
form interparticle liquid bridges. Although surfaomisture
content (as predicted by the model) is indicatioe the
volume of available binder on the particle, the elodoes
not take into account the particles’ binder conditn
which strongly relates to interparticle bridge sg#h and



consequently, to growth kinetics. This could expldhe
rather weak correlation in Figure 6. With regardgarticle
temperature, a less clear correlation could beddutween
particle temperature and growth kinetics.
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Figure 6. Model-predicted particle surface moistoatent,
W, (in mg/m?) plotted versus experimental growth (@e
pm/min).

Although these results do suggest a moderate atimel
between model-predicted surface moisture contethiaatual
(experimental) growth rate, better understanding te
provided if the individual parameter variations atedied. In
Figure 7, the effect of atomisation air pressure tha

experimental growth rate and model-predicted serfac

moisture content is given. The model-predicted mogs
content as a function of air pressure is not a $maoarve,
due to some boundary conditions (like ambient teatpee,
inlet air relative humidity,...) not being constamt each
modelled experiment. Higher atomisation air pressuiesult
in a reduced particle growth rate due to smallerpliits
being produced at higher atomisation air press.8esaller
droplets evaporate more rapidly, reducing the arnafn

available liquid binder on the particle surface dmhce,

effectively reducing the growth rate. Consideringnaisation

air pressure, the model was able to predict thdacer
moisture content accurately and correlate it withe t
experimental growth rate.

Similar conclusions can be drawn from Figures 8 &nd
where the effects of liquid binder spraying ratedimin) and
fluidisation air temperature (in °C) on the modetdicted

surface moisture content and the experimental draate

are plotted. In both cases, there is a strong letioa

between the model-predicted surface moisture cordad

the actual (experimental) growth rate.
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However, when studying the effect of binder concaign
on the growth rate, as shown on Figure 10, theutieol of
model-predicted surface moisture content is oppdsitthe
experimental growth rate. Increasing the conceotraif the
binder will likely increase stickiness, or rath#re strength
of the interparticle liquid bridges, formed duripgrticle-
particle collisions in the fluidised bed which wi#tsult in an



increase in growth rate. The model on the othedhanly
accounts for the moisture in the binder which adfernto
the fluidised particles. As the concentration ofndar
increases, so decreases the moisture content, héece
reduction in predicted particle surface moisturatent with
increasing binder concentration.
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CONCLUSIONS

Based on these preliminary findings, it is cleaattlhe
particle surface moisture content is an importariable in
modelling growth kinetics in fluidised bed agglomuéon

processes. A moderate to good correlation was found

between model-predicted surface moisture contethiaatual
growth rates. Therefore, in future population baéamodels
for agglomeration, agglomeration kernels shoulde tdke
modelled particle surface moisture content intoaat.

The importance of the particle surface moistureteanwith
regards to particle growth could be explained keyréquired

liquid binder on the particle’s surface to formergarticle
bridges during particle-particle collisions. Howevehe
proposed model in this study does not account Far t
concentration of the dissolved binder of the freshailable
binder solution on the particle surface. The latikrtys an
important role in liquid bridge strength and hengegwth
kinetics. Therefore, the proposed model is notcggtable of
predicting  agglomeration tendency with  varying
concentrations of liquid binder.
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