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I. SUMMARY

The chapter presents varied descriptions of the fluid-bed process for coating or air suspen-
sion coating, with an emphasis on the Wurster system (the most efficient batch fluid-bed
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apparatus), including a discussion on the application and the efficiency of batch fluid-bed
systems and their improvement. An analysis of the performance of the batch fluid bed will
show that the continuous fluid bed is the economically suitable solution for coating food
powders and the schematic of the ideal continuous fluid bed for food powder coating is given
as an indication. Phenomena involved in the process of coating fluidized solid particles are
studied and some useful techniques to characterize and to evaluate the quality and the effi-
ciency of the process are given and analyzed. Finally, a short classification of the most used
coating materials in food and pharmaceutical industries is presented to give a quick view
of what can be done with the technique.

1l. INTRODUCTION

Fluid-bed coating is one of the various processes that can be employed for encapsulation
and coating of food ingredients or additives such as extrusion, solvent extraction, coacer-
vation, cocrystallization, spray drying, mixing and adhesion in rotating drums, etc. [1]. Its
specificity is that it allows to really coat dry solid particles (powders), that is, the engulfing
of particles into a coating material. This type of coating process leads to capsules called
reservoir systems where the particles are surrounded by a layer (Figure 1[a]) or multiple
layers (Figure 1[b]) of coating materials.

The ensuing paragraphs are designed to provide some points on the state of this
technology, from the description of the process itself to the requirements regarding the
powder to be coated, the coating materials, and the characteristics of the resulting products.
A review of the various fluid-bed systems will be done here, showing the specificity of each
system and the improvement of the coating efficiency. This last point will underline the
necessity of the use of the continuous fluid-bed process in food powder coating.

lll. GENERAL KNOWLEDGE ON POWDER COATING AND
FLUID BED

Every year, tons of food powders are required with some specific properties that the natural
product does not offer. The encapsulation of these products provides an alternative to fulfill
this request. It is a process where thin films or polymers (coat or shell) are applied to
small, solid particles, droplets of liquid, or gases for a variety of aesthetic and protective
purposes. Indeed, encapsulation of food powders can separate the reactive components
within a mixture, mask undesirable flavors, protect unstable ingredients from degradation
factors, such as heat, moisture, air, and light. Tt can provide controlled or delayed release
and reduce hydroscopicity. It also helps in changing the physical characteristics of the
original material, for example, flowability and compression improvement, dust reduction,
and density modification [2]. In the food industry, enzymes, vegetal proteins, yeast, bacteria,
and aroma are encapsulated in maltodextrine or Arabic gum matrix, film coating of extruded
products by lipids, resins, polysaccharides, and proteins.

Note that, the emergence of various encapsulation processes is owing to the fact that
no encapsulation or coating process developed to date is able to produce the full range of
capsules required by different industries. The specificity of the fluid bed is that it leads to
real capsules (Figure 1[a] and [b]) compared to spray drying, which leads to a matrix with
the core material randomly dispersed in a polymer (Figure 1[c]).

Fluid-bed technology was quite developed during the 1950s, and was applied for
various purposes in chemical industries. Its application to particle and powder coating
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Figure 1 Different types of capsules: (a) reservoir system, (b) reservoir system with multiple layers,
(c) matrix system, and (d) imperfect capsule.

Table 1 Comparison of Two Types of Fluid Beds — Batch and Continuous

Batch (Wurster) Continuous (horizontal)
Volume (1) 120 120
Flow rate (kg/h) 50 100
Price of the basic equipment 1,100,000 610,000
in 1999 (€)
Cost of the coating 2.1 0.6
operation (€/kg)
Product quality Excellent Passable
True reservoir capsules Presence of capsules with
(Figure 1[a] and 1[b]) Uniform incomplete layer
batch (Figure 1[d])

heterogeneous product

Notes: Derived from Glatt Pharmatech data. Glatt Pharmatech S.a.r.l., Parc Technologique — rue Louis Neel —
21000 Dijon. With permission.

is relatively recent and was developed to satisfy the growing demand of pharmaceutical,
chemical, agrochemical, cosmetic, and food and feed industries. It is still a batch, expens-
ive, and time-consuming process, which is mostly used in pharmaceutical and cosmetic
industries that are able to compensate the cost of the process by the high price of their
final product. Its application to food powder coating, which is in unfavorable competition
with spray drying (a well-established technology), is actually limited to some high value
products, because it is well known that one of the imperative goals of the food industry is
to offer foodstuff at low prices, for example, despite the high performance of the Wurster
system (see later in the chapter), its use in the food industry is problematic because the
actual cost of the final coated powder, as it will be seen later (Table 1), is too high. But this
tendency is changing as the technology is currently being upgraded to improve its perform-
ance, for example, the continuous fluid-bed process, as it can reduce the cost of production
and appears to be an attractive alternative for food powder coating.

IV. THEORY OF FLUIDIZATION AND FLUID-BED COATING

A. Fluidization

The principle of fluidization is to maintain particles in suspension in a closed area by blowing
air upward through the powder bed resting on a porous gas distributor plate (Figure 2).
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Figure 2 Principle of fluidization.

Porous plate

Many authors [3,4] have described different configurations as a function of air velo-
city. The state of the fluid bed depends on the air velocity and the powder properties and
can be globally described by two equations:

1. The minimum fluidization velocity Ups (Equations [1] and [2]) is given by

0.934 ,0.934 41.8
)ngreg

_ (pp — Pg P

Umt = 11108750066

dp < 100 um (1)

where pg is the gas density,

©p the particle density,

d,, the particle diameter,

dy the diameter of an equivalent sphere, and p is the gas viscosity.

©{(1135.7+0.04084n"/% - 33.7)  dp > 100 m @)

Pgly

Unt =

where Ar is the Archimedes number Ar = pgde (pp — P8/ 2,
2. The settling or terminal velocity U, - Up, that leads to a stable fluid bed
(Equation [3]) is given by

0.5
B = [M] 3)

3psCo

where Cp is the drag coefficient that is a function of the particle Reynolds number,
Rep. A good correlation between Cp and Re, for different particle shapes is
given in [5].

In short, fluidization, by its principle, appears to be a segregationist system that must
be well conducted in order to bring a minimum homogeneity. This homogeneity is the
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Figure 3 Principle of coating in fluid bed.

real trump that makes this unit operation applicable in various processes such as drying,
granulation, agglomeration, pneumatic transport, and of course, coating.

B. Fluid-Bed Coating

The principle of coating in a batch fluid bed is summarized in Figure 3, which presents a
top spray coating system: Particles to be coated (the core) whose temperature and flow rate
are variable are introduced into the cell and fluidized by an air current. The coating material
is pumped to a nozzle through which the material is sprayed on the core, forming a shell.

During this process, what is expected is a homogeneous layering of the coating
material on the particles leading to an onion-like structure (Figure 4[a]). Multilayer coating
(Figure 4[b]) is achieved by pumping successively different coating materials. Note that the
core can be coated by fine particles with the aid of some binders or plasticizers. A raspberry
structure (Figure 4[c]) results from this type of coating, which is in facta granulation process.
Note that the agglomeration process is strictly defined as binding of similar particles to give
larger agglomerates with a grape structure (Figure 4[d]). This presents the advantages of
reducing the fines or dust and consequently enhances the flowability of the resulting granular
material.

There are many phenomena during the coating operation because three phases are
present: solid (particles), liquid (liquid coating materials), and gas (fluidizing air). These
phenomena are classified chronologically here but most of the time many of them take place
simultaneously. They are:

1. Air suspension of particles in the coating chamber (particles dynamics).

2. Spraying of coating material as droplets with the objective of increasing the
probability of particle-droplets impacts since droplets can easily be dried (heat
transfer) before collision with the particle. In this case there is no way for coating
to take place.

3. Spreading of droplets on the particle surface followed by flattening and adhesion
of the droplet on the particle (mass transfer). Then, in the best case, by the
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Figure 4 Mechanisms of coating formation and agglomeration in fluid beds. (a) Coating by
film layering, (b) coating by film layering multilayer coating, (c) coating by granulation, and
(d) as glomeration.

coalescence of droplets on the particle surface before the drying (heat transfer)
of the droplets to form a layer.

4. Layering or superposition of different layers of droplets around the particle that
results in a homogeneous reservoir system, that is, a real coating. After several
cycles of wetting—drying, a continuous film will be formed (Figure 4), with
acontrolled thickness. It is mainly at this stage that the tendency of agglomeration
between two or several particles is high.

Agglomeration is the dreadful phenomenon during the coating process. Indeed, after
wetting of the particle surface by the coating material, there is always a competition between
continuous layering of the coating material (following the wetting and drying cycle) on the
dried particle on the one hand and agglomeration of wetted particles on the other.

The success of the coating operation depends on the spreading of the droplets on the
particle surface. This phenomenon is a function of the wettability of particles by droplets
and requires a wetting energy [6,7] that depends on the contact angle between the thres
phases present (solid-liquid-gas) and can be expressed as a wetting coefficient (Wm):

Wm = ys5v — viv — Yal (4
where ygy is the interfacial tension between solid and vapor, y the interfacial tension
between solid and liquid, and yjy is the interfacial tension between liquid and vapor.

A liquid can wet a surface if the wetting modulus is larger than zero (Wm > 0).
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(b)

Figure5 Different types of batch fluid beds: (a) top spray, (b) bottom spray, (c) Waurster, and (d) rotor
with side spray.

V. APPLICATIONS

A. Different Types of Fluid-Bed Coaters
1. Top Spray Processing

In the 1950s the coating operation was done in the available top spray granulators
(Figure 5[a]), a system where the coating material is sprayed from the top of the product
container. Its efficiency in terms of deposited material (spray drying of the coating material)
and coating quality (Figure 1[d]) is poor. The resulting capsules present worse controlled
release kinetics. So, despite its availability, its big capacity, and the easily accessible sprayer,
the top spray is not the one for coating but the system is very useful for agglomeration and
granulation.

2. Bottom Spray (Wurster) Processing

This type of processing, where the coating liquid is sprayed from the bottom (Figure 5[b]),
was developed by Wurster during the 1960s to significantly increase the collision probability
between particles and coating droplets in order to improve the coating material efficiency
and bring about a reduction in spray drying (dust reduction). The technique appeared very
efficient for larger particles but presented high risk of agglomeration for smaller particles,
due to the high concentration of wet particles at the bottom of the container. Wurster decided
to put particles in motion using an insert. So, he invented the insert bottom spray coater, also
known as Wurster (Figure 5[c]). The circulation of particles increases the drying rate and
reduces the potential of agglomeration, leading to a great homogeneity in the coating quality
(particles are surrounded by a smooth and continuous coating material). This apparatus is
adapted for particles with various sizes and is used for moisture or oxygen barrier, for enteric
or aesthetic coating with prolonged controlled release.

3. Rotor or Tangential Spray Processing

The rotor processing system (Figure 5[d]), was developed to produce coated particles with
higher spherical shape and density. As is shown in Figure 5(d), the rotor reactor consists of
a disk rotating in the fluidizing chamber. The combination of the rotation and the airflow
provides the above specific properties. The coating film quality is similar to those obtained
with a Wurster reactor. The main limitation of this design is the high agitation in the reactor
that limits its application to coating materials that are not too crumbly or friable.
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A comparison of different fluid-bed coating systems [8] shows that the type of process
will most likely influence performance characteristics. But what must be kept in mind is
that each system can be used successfully with an understanding of its advantages and
limitations.

B. Improvement of the Performance of the Fluid-Bed Coating Process

Fluid-bed coating is still an empirical unit operation, which requires, after formulation, some
feasibility trials and the theory of its scale-up is yet to be established. Some major invest-
igations have been carried out by various research groups to master this technology. These
investigations are favored by the development of technology, which allowed the develop-
ment of a new generation of sprayers, nozzles, air filters, and air distributor plates, with high
performance. The scope of our research includes working on the development of effective
criteria of performance to assess the success of any improvement approach. It appears that
any coating process can be well-assessed by three efficiency criteria, which are:

e E_, the material efficiency, generally named coating efficiency [9]

e E., the energetic or thermal efficiency [10]

e E,. the quality efficiency, which definition cannot be generalized since it is related
to a required or adequate property.

There are many ways to improve a given fluid-bed coating system but the best ways are
based on the process itself (design and modeling followed by automation) and on the coating
material.

1. Optimization by Material Efficiency Improvement (Hot Melt and Dry Coating)

For most of the fluidized bed, the coating solution must have a low viscosity in order to
be pumped. For this, the coating material is generally dissolved at a low rate (2 to 10%:
this rate can be increased to 30% for dispersion in a latex or pseudolatex system) in the
adequate solvent, which is not always suitable. During the coating process, a lot of energy
is consumed for the evaporation of the large amount of solvent and the global material
efficiency is low. The hot-melt coating can be an alternative to such situations. It can take
place in a top, bottom, or rotor reactor, though the top spray process is the process most
adopted for hot melt. Its specificity is such that, the coating material, melted by heating and
sprayed on particles, is directly solidified by cold air rather than by drying. This confers
to hot melt several important production advantages: (1) sprayed liquid = 100% coating
agent, (2) short processing time, (3) no drying step required, and (4) no solvent used, that
is, low cost, flexible and consistent, the recovery of the active ingredients is obtained by
temperature release. Its main limitation is that it is not suitable for coating heat-sensitive
(biological product) products where the dry coating system looks promising. Dry coating
(which is explained in detail in another chapter) presents the same features as hot-mel:
coating with the difference that the product is not wetted and the coating is achieved by
depositing powder on the core using a reduced volume of plasticizer.

2. Optimization by Design and Modeling

The fluid-bed process has been permanently upgraded, through the different types as men-
tioned above, and the Wurster looks like a finalized batch system from the design point
of view for coating. The next step is the development of a continuous fluid bed that will
effectively impose coating in the food industry. But this requires the optimization of the
batch process operation and a few researchers [11-15] have carried out some significant
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investigations for this purpose by modeling. Prior to modeling, a number of works are in
progress to understand the process, characterizing by means of in-line measurements [16],
the aerodynamics and hydrodynamics of air and particles in the system. All this leads to
some significant models, that is, those that can be considered as closely correlated to exper-
imental data, from the droplet characterization, the particle velocities in different areas of
the fluid bed, to the heat and mass transfer. These models are not all unique and some of
them may be found in another form, the tendency being to derive simple models that can
be used for process control, that is, the ability to automatically launch and conduct the fluid
bed just by entering data concerning particles and coating material properties.

a. Coating Droplet Size. The first important characteristic is the droplet size
produced from pneumatic nozzles. It may be predicted by the following correlation
(Equation [5]), [17]. Note that this equation depends on the type of spray nozzle.

585.10%.3 045 71000. kS
dg=——‘/3+597( i ) (00 QS°') )
Vrcl-\/_ﬁ AopP O

where o is the fluid surface tension (N/m), p the fluid density (kg,/m3 ), it the fluid viscosity
(mPa/sec), Qg the fluid volumetric flow rate (m3/sec), Q, the air volumetric flow rate
(m3/sec), and Vi is the relative velocity ~ outlet air velocity (m/sec).

b. Evaporating Time. The evaporating time is given by Equation (6) [18]
(neglecting vapor pressure and low Reynolds number).

Mg - (dy —d3) | AdZpp(Xe — Xg) ©
8K4(Ty — Ts) 12Kq AT,y

where d, is the droplet diameter at critical point (m), dy the capillary diameter (m), Kq
the thermal conductivity, p; the density of liquid (kg/m3), Op density of particle (kg/m3),
X, critical moisture content (%), X¢ final moisture content of the dried particle (%), T, air
temperature (°C), T droplet surface temperature (°C), T,y average temperature (°C), and A
is the latent heat of vaporization.

c. Mass Flow Rate. The flow rate (Qns [kg/sec]) is approximated by the minimum
spout flow rate (Equation [7]) [19].

d. 10905 1 p. 726
= py-592-107° | 2 = g
Oms = Pp [ P Dc] [ De (7

where dj, is the particle diameter (m), D; the equivalent diameter of the bed (m), D, the
equivalent diameter of the air slot (m), and ¢ is the sphericity of the particle.

There are various other parameters, not mentioned here, whose model strongly
depends on the type of fluid bed and the design, for example, particle velocities, the residence
time, etc. [20].

hotal =

C. Coated Powder Characterization

Among the three types of efficiency mentioned earlier, quality efficiency is probably the
most difficult to define as it is related to required or adequate properties of the coated
particles. These characteristics can give some information about the effectiveness of coating
and its assessment and about the functional properties of the coated powder. Some useful
characteristics of coated particles are described below.

The release behavior is the most important characteristic of the capsules. Capsules,
which are protective barriers for various purposes (to oxygen, moisture, etc.),
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are designed to release the core slowly (diffusion) or suddenly (shell dissolving
or breakage) by various mechanisms: heating, dissolution, mechanical or chem-
ical rupture, shell modification by pH, etc. There are many ways to measure
the barrier properties of a shell material in accordance with the purpose of this
barrier and the trigger event. Most of the time, the coated particles are placed
in an environment whose properties are chosen to correspond with the applic-
ation conditions; then the diffused core or the dissolved shell materials in the
medium are quantified as a function of time. Figure 6 presents an example of
a released curve obtained by dissolution of a coated chocolate powder in water
under gentle agitation.

The size of capsules during coating is the most measured characteristic of particles. Its

use in coating assessment requires very sensitive measurement methods as the
final layer of the coating is only about 25 pm. Using a microscope is the best
measurement method for this purpose but it is still a cumbersome technique and
it is here that the light scattering technique of size analysis can help efficiently.

The morphology of the capsule can be a quality criterion of a coating operation

when it is directly measured in parallel with the size. This is the case of the
external capsule structure. The measurement of the internal structure requires
the cutting or breaking of a number of particles to examine the inner surface
of the capsule shell. This is generally done by imbedding the capsules in an
appropriate medium that can solidify easily, then the solidified medium is cut
into slices on which some cut capsules can be seen and analyzed using optical or
scanning electron microscopy. There is always a correlation between the internal

structure and the capsules’ properties that are targeted, especially stability and
release behavior.

The strength of the capsule is a mechanical property that is required to predict the

behavior of the coated food powders during their storage or, the process in which
they are involved. This parameter is crucial if the mechanical breakage is the
trigger event for release. There are a number of methods to characterize the
strength of a powder. Most of them are based on axial compression of a single
capsule or the bulk powder [21], leading to the determination of the maximum
strength that can be supported by the capsules without any damage. Others,
called friability or abrasion tests are based on higher agitation (in a mixer)
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or percussion for a given time (corresponding to the handling and processing
time), followed by an analysis of the agitation effect (size analysis, release test,
etc.). They are all easy to apply where coarse particles are concerned.

Sensorial analysis of the capsule gives useful information about different aesthetic
and sensorial properties of the coated powder such as the color, the shape, the
taste, the flavor, and the roughness. The method consists in presenting different
samples of the coated powder to a well-trained human panel (twelve or more
persons). After testing the capsule in the desired conditions, the panel will select
one or two samples that satisfy the objective. The tendency today is to develop
some robots that can replace the human panel and give accurate information
about those properties. This has been done with relative success since there
are a number of robots that can identify or characterize individual aesthetic or
sensorial properties but human intervention is still vital as the selection is based
on the combination of various properties.

D. Coating Materials

It has been mentioned earlier that the role of coating is to fulfill a variety of aesthetic and
protective purposes. The most commonly used coating materials in food and pharmaceutical
industries are generally a reproduction of what is used in spray drying or cooling, for
example, hydrocarbons, proteins, and lipids [22]. They must be in liquid form during the
process in order to be pumped and for this they are dissolved or dispersed in a solvent. Their
use also requires formulation and feasibility studies where the additives to be added and
the optimum concentration are determined to keep the apparatus in good working order, for
a good layering, and suitable final properties. Organic solvents are used in some specific
cases, but water is preferred in the food industry (and more and more in the other industries)
for three reasons: water is an edible, available, and low-priced solvent. It is easy to handle
compared to other solvents. The new international regulations are becoming more and more
severe about solvent release in the atmosphere and their concentration in food, drugs, and
cosmetic products. The cheapest coating material is also preferred, as the food industry has
become very competitive. The predominantly used materials to render the coating process
economically feasible are:

1. For taste masking, carbohydrates (sugars [23], maltodextrins, starch, cellulose
derivatives, and gums [24]), proteins (hydrolyzed gelatin), various hot melts
(lipids and wax) and polymers (shellac).

2. For enteric coating, various polymers and hot melts [25,26], starch and cellulose
derivatives.

3. For controlled release, cellulose derivatives, various hot melts and poly-
mers [27,28].

4. For stability, starch and cellulose derivatives, hot melts, Arabic gum, and
shellac [23,29-31].

5. For encapsulation of microorganisms for fermentation purposes, alginates and
pectinates [27,28].

Note that there are various additives that are mixed to the initial formulation to homogenize
(emulsifiers), and stabilize (thickeners) the mixture or to modify the rheological behavior
of the coating solution (plasticizers) [32].



208 E. Teunou and D. Poncelet

E. Guidelines for a Coating Operation

The role of the process manager is to create in the fluidized chamber propitious conditions
for wetting and coating while keeping the whole layer in motion by flow-through gas. He
can benefit from following some basic rules for a successful coating operation.

Most of the time, the engineer has to make an optimization in order to enhance the
process performance. But in the case of fluid-bed coating, the efficiency of the process
strongly depends in addition on the preparation phase, a step-by-step procedure that is the
basis of successful coating:

e The first step is the description of the objectives of the coating operation — is
it to protect the core, to mask a taste or flavor [29], to change the color or to
favor a particular type of exchange, to improve some functional properties or
some commercial aspects? etc. [30,33]. This step is vital for choosing the coating
material and the type of capsule (matrix or reservoir system).

e The second step is to figure out how the capsules will be used or how the core
will be released. This step is very important to define the shape, the particle size,
size distribution, and the strength of the capsules [34].

e The formulation step is a critical step where compromises must be made with the
composition of the coating solution (coating material, solvent, and additives such
as plasticizer, stabilizers, texturizer, emulsifier, binders, flow enhancers, etc.) with
regard to steps 1 and 2, the legislation, and the process operation. Preliminary
tests of wettability and adhesion are sometime necessary to finalize this stage.

Thus, the relation between the objectives, the nature and the properties of particles,
and the coating solution after formulation are determinants of the type of coating apparatus
that will be chosen among a large variety of fluid beds. The choice of continuous fluid beds
for food powder coating is indispensable.

VI. CONTINUOUS FLUID BED FOR
FOOD POWDER COATING

The use of the continuous process in the food industry is widespread for coarse food
material coating such as nuts, dried fruits, corn flakes, puffed grain, and so on. Con-
veyor belt processes and coating-blending drums are used for this purpose. The necessity
to coat fine food particles continuously was pointed out in the 1970s with the emergence
of the widespread use of spray drying and its derivatives: spray chilling, spray cooling.
and prilling. These types of processes produce the matrix system (Figure 1[c]) with poor
coating quality where parts of the core material are exposed to air and are not protected.
They are limited to small particle size (<100 xum) [22].

For higher coating quality of fine particles, the continuous fluid-bed process appears
to be an attractive alternative for food powder coating with low cost production. Indeed, 2
comparison of the characteristics of a batch fluid bed (Wurster) and a horizontal continuous
one (Table 1) shows that a continuous process is the only alternative to allow application
(low price) of fluid-bed coating for food powders. But, as it is mentioned in Table 1, the
quality and the homogeneity of the final product is still much below par from the ones
obtained with a Wurster system. A number of continuous fluid beds have been developed
with more or less success.
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Figure 7 Monocell continuous fluid bed (top spray).

A. Single Bed Continuous Fluid Bed

This type of fluid bed operates along the same lines as the batch fluid-bed granulator,
the difference being that particles with a predefined size are automatically discharged via
the discharge pipe located in the center of the processing chamber (Figure 7). The other
advantages are high output, compact design, predeterminable grain size, dust free and
narrow particle size distribution, and low energy consumption. The main limitation of this
method is that it is very difficult or impossible to meet contradictory specifications for
agglomeration and solid bridges (layering) in a single cell.

B. Horizontal Continuous Fluid Bed

The real horizontal fluid bed (Figure 8) refers to a fluid bed with no obstacles in the system.
Powder is admitted in the fluidizing chamber at one end from which it moves slowly during
the desired process until it gets out at the other end. These types of fluid beds exist and
are actually used in the food industry for various purposes. They are in general vibrating
fluid beds with conveying belt and have been designed with a reasonable length since the
1970s. They were especially developed for granulation (instantizing) of powders after spray
drying.

The main disadvantage of the real horizontal fluids bed is their length (several meters),
which is necessary to allow the required residence time for the process. This disadvantage
is worsened when the process involved is coating. A detailed analysis of the advantages and
disadvantages of a horizontal fluid bed was done by Teunou and Poncelet [35], including
comparison with the Wurster system and characteristics of an ideal fluid-bed coater.
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C. Multicell Continuous Fluid Beds for Coating

Increasing the residence time in the fluid-bed chamber using fluid-bed properties [36] can
reduce the length of the horizontal fluid bed. Riimpler made some progress [37] by develop-
ing a multicell fluid-bed coater, which is a horizontal top spray fluid bed divided into four or
five compartments connected by regulating flaps. This apparatus leads to imperfect capsules
where the coating material does not recover the total surface of core material (Figure 1[d]).
However, these capsules are better than those obtained by spray drying and are adequate
for physical protection (e.g., taste masking).

Another type of multicell fluid bed (presented by Leuenberger [38]) consists of several
minibatches connected to each other with a transport, dosage, and classification system.
This apparatus was promoted by Glatt [39], in order to combine advantages of batch and
continuous process in the pharmaceutical industry. There is no published information about
the quality of coating obtained by this system but it can be noted that this is an expensive
installation.

VIl. CONCLUSION

There is real demand for food powder coating to fulfill various purposes and these objectives
are actually reached by spray drying or granulation with, in many cases, unsatisfactor;
results. This may explain why the actual volume of coated food powder is still relativel
small compared to the huge potential that exists. Different types of fluid-bed coating have
been proved not only to bring an adequate answer to these coating objectives but also
be too expensive techniques that cannot meet the main requirement of foodstuff, that i«
low prices. The challenge today is to focus on further equipment evolution (instrumentatios
and control) that may result in the improvement of the continuous fluid-bed coating and i«
application to food powder coating.
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