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The applicability of spouted beds for drying of granules, coarse or
fine particles, pastes, solutions and suspensions has been long
recognized (Mujumdar, 1984). Among the main advantages of

this gas-solid contactor are the typically short residence times, good
mixing, uniform temperature and geometric versatility (Epstein and
Grace, 1997). The possibility of different geometric configurations
permits a wide range of unit operations to be carried out in spouted
beds, like drying, granulation, agglomeration cooling, and heating
(Mujumdar, 1984). Many others, including opposing operations, such as
coating and wearing of particles, have also been reported for spouted
beds (Epstein and Grace, 1997). With respect to drying, spouted beds
can be used for solids with constant or falling drying rate periods. Also,
with the aid of inert bodies such as the bed material, spouting can be
used to dry liquid feeds (Kudra, 1992).

The conventional spouted bed (CSB) is a cylindrical column with a
conical base where the bed of particles lays. Spouting air is introduced
from an inlet nozzle located at the bottom of the base. Among the
geometric and operational parameters that can affect drying of liquid
slurries are the cylindrical column, inlet orifice and inert diameters,
including conical base angle, density, shape and load of inert bodies,
spouting air velocity, and others. The CSB has limited application due to
the maximum spoutable bed height and the difficult scale-up for
columns larger than 1 m. This limitation in size makes the CSB more
suitable to small-scale productions, such as those used in the pharmaceutical
industry (He et al., 1992).

Research in the area of drug release systems is rapidly expanding in
the pharmaceutical industry, a trend explained by the fact that
these systems permit the modulation of drug release according to
clinical and pharmacokinetic requirements and according to the
absorption sites (Rubinstein, 1990). These characteristics almost always
lead to a reduction in drug dosage or frequency of administration, with
positive effects in terms of therapeutic efficacy and treatment
compliance (Jung and Perrut, 2001), also permitting new therapeutic
schemes with economic advantages (Grundy and Foster, 1996).

The development of release systems depends on polymers with an
appropriate physicochemical characteristic and on effective and
economically viable large-scale processes. Among these systems, the
microparticulate one has been studied in order to control and/or obtain
site-specific release (Sopimath et al., 2001; Hildebrand and Johannes,

* Author to whom correspondence may be addressed. E-mail address:
lapdfrei@usp.br

2000; Tunçay et al., 2000), with a strong tendency to
use biodegradable polymers and preparations in
aqueous medium (Tunçay et al., 1998).

Microparticulate systems can be prepared using
various processes such as chemical (Chu et al., 2001;
Makino et al., 2001; Xie and Xiang, 2000), 
physicochemical (Youan et al., 2001; Remuñán-López
and Bodmeier, 1996; Lee et al., 2000) and mechanical
(Clarke et al., 1998; Carrasquillo et al., 2001; Rácz et
al., 1997) ones. 

The aim of this study was to verify the feasibility of
drying pharmaceutical microcapsules in a spouted
bed with the aid of inert particles. The morphological
character and total recovery of the drug model,
indomethacin, were compared for spray and spouted
bed dried microcapsules. Clusters formed by
microcapsules coalescence in the spouted bed
showed to have their size dependent on bed height.
The total recoveries for three different bed heights
were 53.18%, 60.76%, 70.70%, as compared to
95.65% for the spray drying process. The results
showed that spouted beds are promising for the
preparation of slow-release drug systems. 

Cette étude avait pour objectif de vérifier la faisabilité
du séchage de microcapsules pharmaceutiques dans
un lit jaillissant à l’aide de particules inertes. Le caractère
morphologique et la récupération totale du
médicament modèle, l’indométhacine, ont été
comparés pour des microcapsules séchées en lit jaillissant
et par un séchoir atomiseur. Il apparaît que la taille des
grappes formées par la coalescence des microcapsules
dans le lit jaillissant est dépendante de la hauteur du
lit. Les récupérations totales pour les trois hauteurs de
lit différentes sont de 53,1%, 60,76% et 70,70%,
comparativement à 95,65% pour le procédé de
séchage par atomisation. Les résultats montrent que
les lits jaillissants sont prometteurs pour la préparation
des médicaments à libération lente.
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Among the mechanical processes, spray drying has been
extensively used (Mu and Feng, 2001; Lacasse et al., 1998; Prior
et al., 2000) because it involves a single phase and because the
resulting microparticles show a small variation in size distribution
(Kristmundsdóttir et al., 1996). Fluidized beds and spouted beds
have been widely used in drying processes, representing an
alternative to spray drying in the attempt to obtain products of
the same quality and of low cost (Cunha et al., 2000).

However, few or no reports are available about the use of
these processes to dry already structured microencapsulated
systems. Thus, the present investigation was the first to study
the applicability of a spouted bed for microcapsule processing.
The objective of the study was to compare the structural
integrity of the microcapsules after spray drying and spout bed
drying, and also to determine the effect of some variables of
this system on the characteristics of the microparticles. 

Materials
GENU® USP type citrus pectin was obtained from CP Kelco
Brasil S/A, bovine casein as obtained from Katuffmann & Co.
(lot NR 091294), sodium hydroxide, citric acid and methanol
were purchased from Merck, Brasil, and indomethacin was
purchased from All Chemistry do Brasil Ltda. Glutaraldehyde
and sodium lauryl sulfate were obtained from Fluka Chemica.

Methods
Microcapsule Preparation
Microcapsules were prepared by polymer, pectin and casein,
dispersion in distilled water (solid content 8%, w/v), under
constant mechanical shaking. pH was adjusted to 8.0±0.1
using 4.0 M sodium hydroxide. After complete dispersion,
indomethacin was added at the 2:1 w/w (polymer:drug)
proportion together with 0.02% (w/v) sodium lauryl sulfate.
Microcapsules were obtained by slow and gradual reduction of
pH to 3.0±0.1 with 1.0 M citric acid. The microcapsule wall
was then hardened by the addition of glutaraldehyde (50 µL/g
polymer), with constant shaking for an additional 30 minutes.
The same methodology was used to prepare microcapsules
containing no drug, i.e., empty microcapsules.

Microcapsule Drying
The Spouted Bed Dryer
The spouted bed unit consisted of a cylindrical column
measuring 150 mm in diameter and 500 mm in height
attached to a conical base with a 60° internal angle and an air
inlet orifice 25 mm in diameter. Closely sized 2.6 mm glass
beads were used as inert bodies (Table 1). Three different
charges of inerts were studied. 

Figure 1 presents a scheme of the spouted bed dryer
assembly. Spouting air was supplied by a 2 HP centrifugal
blower. The air inlet and outlet were measured and the former
was kept constant using a PID temperature controller. The dry
powder was collected into a glass flask using a Lapple cyclone.
A peristaltic pump was used to feed the suspension into the
bed through a vertical tube centrally located above the
particle fountain. Table 2 presents a summary of the
experimental conditions for the spouted bed drying. The
maximum spoutable bed height and minimum spouting air
velocities were determined by the method of Mathur and
Epstein (1974).

Table 1. Inert body characteristics  

Material Glass

Particle diameter 2.6 mm
Shape factor (sphericity) 1.0
Particle density 2.50 g/cm3

Bulk density 1.59 g/cm3

Void fraction at incipient fluidization*1 0.387
Minimum fluidization velocity*1 117.1 cm/s
Angle of internal friction*2 17.5°
Angle of wall friction *2 33.1°

*Determined in: *1 83 mm fluidizing column / *2 Dawes cell

Figure 1. Schematic diagram of the spouted bed assembly. (1) blower;
(2) heater; (3) orifice flow meter; (4) valve; (5) spouted bed dryer; 
(6) thermocouples; (7) microcapsules suspension; (8) peristaltic pump;
(9) cyclone; (10) powder collector.

Table 2. Operational conditions for microcapsule drying in the spouted and spray dryers.

DRYER TEMPERATURE (°C) FEED RATES AIR FLOW RATES
Inlet Outlet (mL/min) H/Hmax* U/Ums Q(m3/min)

SPOUTED BED 100 85 3.0 0.90 1.2 0.762
DRYER 0.75 1.2 1.320

0.50 1.2 1.500

SPRAY DRYER 100 85 3.0 0.570

*Hmax= 0.29 m



136 The Canadian Journal of Chemical Engineering, Volume 82, February 2004

The Spray Dryer
Spray drying was carried out with a laboratory scale mini spray
model LM-MSD 1.0 (Labmaq do Brasil Ltda.) using a double
fluid type atomizer nozzle with external mixture and an outlet
orifice of 0.7 mm. The outlet temperature was kept constant at
85°C. The spray operating conditions are presented in Table 2.

Morphologic Evaluation of the Microcapsulses
The outer morphology of the microcapsules in natura was

evaluated by optical microscopy using an Eclipse 400POL
microscope equipped with a NIKON camera, at 100x and
400x magnification. The particle size was determined by
image analysis using the software IMAGEJ 1.24t (National
Institutes of Health, U.S.A.). After drying, the microcapsules
were sputtered with gold under vacuum with a BAL-TEC SCD
050 sputter-coater and photomicrographs were obtained with
a Jeol JSM – T330A scanning electron microscope. 

Evaluation of Microcapsule Integrity After Drying
The level of microcapsule rupture provoked by the drying
process was evaluated by the method of Joseph and
Venkataram (1995), with some modifications. Instead of using
methanol and pH 7.5 buffer at a 2:1 ratio, only methanol was
used to improve extraction. Indomethacin was quantified in a
single extraction step using the same sample mass and changing

the volume (4 and 8 mL) and time of contact with the
extracting fluid (15 and 120 min). The extraction condition
that yielded the best recovery rate (4 mL methanol and a time
of contact of 15 minutes per extraction) was used in the
subsequent extractions.

The total amount of indomethacin contained in 40 mg of
the sample (microcapsules after the drying process) was
exhaustively extracted with methanol and quantified by
spectrophotometry at 318 nm against empty microcapsules
submitted to the procedure. After the indomethacin content
was exhausted, the precipitate was triturated and submitted to
extraction. The sum of the material recovered in the extractions
was considered to be the total indomethacin recovered from
the sample. The analyses were carried out in triplicate. 

Results and Discussion
Fluid Dynamic Characterization of the Beds
Before starting the microcapsule drying process, the fluid
dynamic, geometric and operational characteristics of the
spouted bed used were evaluated. This characterization is
important because the properties of the microcapsules are
expected to depend on the spouting conditions.

The maximum spoutable bed, the curves of the pressure
drop as a function of air flow, the minimum spouting velocities,
and the maximum and spouting pressure drops were determined
by the classical methods of Mathur and Epstein (1974).

The maximum height determined for the glass spheres to
be used (Table 1) was 0.29 m. Thus, it was decided to carry out
the experiments by varying the bed height. The working
conditions are presented in Table 2.

Figure 2 shows the curves for the pressure drop as a
function of air flow in the beds and the shape of the curves
obtained agreed with the curves typically reported in the literature
for standard spouted beds (Mathur and Epstein, 1974; Epstein
and Grace, 1997). Before spout formation, the pressure
increases rapidly with flow until it reaches a maximum point,
∆PM. After this pressure peak there is the formation of an
internal spout and pressure undergoes an abrupt decrease
with flow until reaching a plateau, ∆PS. This constant pressure
corresponds to the pressure drop during stable spouting. We
observed that, under these conditions, the beds studied
circulated continuously and in a highly stable manner. 

Table 3 shows the data obtained for the ∆PM and ∆PS pres-
sure drop and the minimum spouting velocities for the spout-
ing conditions of the present study. The pressure drops, both
∆PM and ∆PS, increased significantly with bed height, in agree-
ment with literature data (Mathur and Epstein, 1974; Epstein
and Grace, 1997). Table 3 shows a comparison of the pressure
drops and minimum spouting velocity with predictions of correla-

Table 3. Calculated and experimental values of the SBD fluid dynamic properties. 

∆Pmax/ρbgH ∆Ps /ρbgH Ums (m/s)

H/Hmax Manurung Asenjo et Expt. Manurung Mukhlenov and Expt. Manurung Expt.
(1964) al. (1977) (1964) Gorshtein (1965) (1964)

0.5 4.81 0.92 0.30 0.79 0.209 0.28 0.39 1.79
0.75 4.66 1.05 1.23 0.72 0.185 0.84 0.34 2.09
0.90 4.22 1.20 3.82 0.56 0.225 2.63 0.27 2.39

Figure 2. Pressure drop in the bed as a function of air flow.
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tions reported in the literature. In general, the predicted values
did not agree with the experimental ones. The equations of
Manurung (1964) overestimated the ∆PM and ∆PS values and
underestimated the Ums values. The equation of Asenjo et al.
(1977) underestimated the ∆PM values for the greatest bed
height but underestimated them for the lowest height. The
equation of Mukhlenov and Gorshtein (1965) could predict
∆PS for the lowest bed height but did not accompany the
increase in ∆PS with H observed in the present study. The
versatility of spouted beds, allowing for a wide range of
geometric and operational conditions, usually restricts the
applicability of empiric equations, such as the ones for prediction
of maximum bed heights, pressure drops, minimum spouting
velocity and other fluid dynamic properties. The differences in
geometric and operational conditions between original source
and this work could be the explanation for the deviations
observed between predicted and experimental values in Table 3. 

Microcapsule Characterization
Morphology
The microcapsules in natura were isolated and had a 
predominantly spherical shape, as shown in Figures 3 a, b.
After drying with a spray dryer the shape was maintained, but
with some clusters, and no microcapsule fragments were
observed by micrography (Figure 3c). 

The material resulting from drying in a spouted bed was
irregular in shape and size under all types of conditions used
for drying (Figure 4), with clusters and undulations on the
surface (Figure 4d) that might be attributed to partial
microcapsule coalescence on the surface of the inert material
and not to microcapsule rupture during the process. In many
of the fluidization processes, such as the Wurster process and
spouted bed process, fine particles tend to cluster easily and to
adhere to the chamber wall, leading to the formation of larger
particles in the process of microencapsulation (Jono et al.,
2000). The microcapsules containing the drug (Figure 5) have
surface characteristics similar to those of empty microcapsules
(Figures 3 and 4).

The study of particle size by optical microscopy revealed
that the particles obtained by the coalescence process suffered
dimensional modifications during the spray drying and
spouted bed drying processes. Table 4 shows the particle size
of the microcapsules before and after the drying operations. It
can be seen that mean particle size decreased after spray
drying, according to expectations, since the material was
losing solvent and its size should have been reduced. This
increase in size during drying indicates that some particle
clustering occurred. The data concerning the size of microcapsules
dried in the spouted bed also showed an increase, indicating
clustering. When spouted bed drying was used, the mean size

Figure 3. Photomicrographs of empty microcapsules (a) microcapsules
in natura, optical microscopy, 100x magnification; (b) microcapsules in
natura, optical microscopy, 400x magnification; (c) microcapsules
dried with a spray dryer, scanning electron microscopy, 3500x.

Table 4. Microcapsule size measured by optical microscopy.

MICROCAPSULES dp (µ)

In natura 5.88
Spray dried 5.09
SB dried (0.50 × Hmax) 4.80
SB dried (0.75 × Hmax) 5.35
SB dried (0.90 × Hmax) 9.06
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Figure 4. Photomicrographs of empty microcapsules dried with a spouted bed. Scanning electron microscopy (SEM) (a) Hmax × 0.9; (b) Hmax × 0.75;
(c) Hmax × 0.50; (d) enlarged image. Optical microscopy, 100× magnification:(e) Hmax × 0.9; (f) Hmax × 0.75; (g) Hmax × 0.50.
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of the capsules decreased with decreasing bed height,
showing that the extent of clustering was smaller for a smaller
inert load in the bed.
Drug Loading
The loading efficiency was used as an indication for the 
assessment of the interference of the drying process with the
integrity of the microcapsule wall and with the diffusion of the
drug through the microcapsules. Empty microcapsule samples
were submitted to the same tests and were found to present
absorbance of less than 0.001 at the indicated wavelength.

Figure 6 shows the recovery rates obtained when different
volumes (4 and 8 mL) and times of contact (15 and 120 min.)
were used. Total indomethacin recovery was obtained only
with the material dried with a spray dryer (a recovery rate of
0.014 mg/mL/min. represents 13.44 mg), corresponding to
100% of the theoretical value (13.33 mg), using 8 mL of
extracting fluid and a time of contact of 120 min. However, the
best recovery rate was obtained using 4 mL of extracting fluid
and a time of contact of 15 min, with similar values for the
processes employed (spray dryer: 0.12 mg/mL/min.; spouted
bed: 0.1 mg/mL/min.) (Figure 6b).

In the spray drying process the total recovery of
indomethacin was 95.65%, with no differences before and

Figure 5. Scanning electron microscopy (SEM) photomicrographs of
microcapsules containing indomethacin. (a) spouted bed Hmax × 0.75;
(b) enlarged image; (c) spray dryer.

Figure 6. Recovery rate of indomethacin in the samples. (a) time of
contact with the extracting fluid: 120 min; (b) volume of the extracting
fluid: 4 mL.          spray dryer;          spouted bed.
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after microcapsule rupture by trituration. An amount of 6.90
mg was recovered in the first extraction, corresponding to
51.8% of the total, and was considered to be the amount of
non-encapsulated drug (Figure 7). The difference between the
total amount recovered and the amount recovered in the first
extraction was related to drug diffusion through the polymer
material, since the microcapsules remained intact after the
extractions.  

For the spouted bed process, three experiments were
carried out using different spout heights and the same inert
material. These experiments were denoted experiment 
1: Hmax × 0.9; experiment 2: Hmax × 0.75, and experiment 
3: Hmax × 0.50. Figure 7 shows that the recovery of
indomethacin was not total under the drying conditions used,
even after the attempt to rupture the microcapsules by trituration.
With the reduction of the quantity of inert material there was
an increase in the material recovered from 53.18% to 70.70%
when the spout height was reduced from 0.243 to 0.135 m.
This may be attributed to the greater turbulence and shorter
cycling time that led to the formation of a less compact solid.
In addition, there was a reduction in particle size (Table 4) and
an increase in surface area that rendered the extraction process
more efficient.

Figure 7 shows the values of the first extractions for
experiments 1 (6.60 mg), 2 (7.57 mg) and 3 (8.80 mg) in the
spouted bed, which correspond to non-encapsulated
indomethacin. The subsequent extractions did not show 
significant increases, suggesting that the diffusion phenomenon
did not occur. 

In the processes used in the present study for microcapsule
drying there was an initial burst that varied from 51.8% for the
spray dryer to 66.0% for the spouted bed. We attributed
these values to the amounts of non-encapsulated drug for
both processes, although the photomicrographs did not show
the presence of indomethacin crystals. Using spray drying, in
addition to the initial burst there were increments in the
subsequent extractions, of 30% in the second and of 10% in
the third, with a constant value being maintained starting from
the fourth extraction. In contrast, in the spouted bed the initial
burst increased with the reduction of spout height, although

without increases in the subsequent extractions. Analysis of the
results as a whole suggests that the drying process permits the
derivation of a product with differentiated physicochemical
characteristics.

Conclusion
Spray drying preserves the structural integrity of the 
microcapsules. In contrast, spouted bed drying causes the
phenomenon of clustering due to microcapsule coalescence, a
fact that contributes favourably to the hardening of the
microcapsules already formed, reducing the rate of drug
release and representing a promising process for obtaining
controlled drug release systems 
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Nomenclature
Dp microcapsules size, (mm)
g acceleration of gravity, (m/s2)
H static bed height, (m)
Hmax maximum spoutable bed height, (m)
∆PM peak pressure drop, (mm H2O)
∆PS spouting pressure drop, (mm H2O)
Q spouting air flow rate, (m3/min)
U spouting air velocity, (m/s)
Ums minimum spouting air velocity, (m/s)

Greek Symbol
ρb bulk density, (kg/m3) 
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