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Experimental investigation of droplet deposition on a single particle
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Abstract

Spray coating or granulation is used to produce coarse granular solid particles by spraying solutions or suspensions in the form of fir
droplets on fluidized particles followed by drying in a stream of fluidizing air. The quality and thickness of granulation or coating on the
particle should be uniform. A part of the liquid-droplets from the spray-nozzle collide with the particle, of which, a part bounces back and
the remaining part adheres on the surface of the particle giving layered-growth. In this work, the granulation process is carried out on
single spherical particle. Experiments are conducted to study the influence of process parameters, drying conditions, impact velocities a
physical properties of sprayed solutions on the kinetics of granulation and on the morphology of the end product. A change in the dryin
condition changes the viscosity and surface tension of the sprayed solution. With increase in droplet velocity, the growth rate decreases. T
results are useful to model the droplet deposition behaviour in fluidized bed granulation. © 2001 Elsevier Science B.V. All rights reserved
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1. Introduction [5] investigated the granulation mechanism on a single
particle. But the mechanism of droplet deposition followed

Coarse granular solid particles are produced from raw by coating and granulation is not yet fully understood. In

materials like solution, suspension or molten liquid in a this work, solutions of different solids are sprayed as fine

fluid bed spray granulator. The particle growth takes place droplets on the surface of a single fluidized particle which

simultaneously under spraying and drying. After achieving in turn develops a layered-growth (through subsequent

a desired size, the product is taken out of the bed. The sizedrying). This process is used to study the physical mecha-

of end-product varies from 0.3 to 10 mm. nisms behind granulation. This will help to understand the
Fig. 1 explains the principle behind the fluid spray gran- behaviour of process parameters in real spray-granulation

ulator. The liquid to be coated is atomized and is sprayed process in fluidized bed with many particles.

as fine droplets on fluidized particles. Some of the droplets

after colliding with particle, adhere and get deposited on the

surface of the particle giving rise to layered-growth. The flu- 2. Experimental

idizing hot air is used to dry the particle. The particle moves

randomly between humidifying and drying zones in the bed 2-1. Scope

with simultaneous material and energy transfer. In a continu-

ous process, a part of the granulated product follows the clas- Aqueous solutions of sodium chloride (20%), calcium

sifier directly whereas the other part comes through cyclone chloride (20%), lactose (16%) and maltodextrine (20%) are

separator to the classifier directly according to their sizes. sprayed on a single floating spherical aluminium particle
As described by Uhlemann [1], the particle acts as a (diameter=1.3mm) to investigate the droplet deposition

nucleus for granulation. Loeffler [2] explained dust-depositionbehaviour in spray-granulation process. The influence of

in different filters and the centrifugal process. Schubert droplet velocities and fluidizing air temperature on growth

[3] reported capillary mechanism in the drying of solid kinetics of the particle is studied. A pinch of polymer,

particles. Kleinbach and Riede [4] optimized the process namely, polyvinyl pyrolidon (PVP) or carboxymethylcellu-

parameters for the layered-growth on solid materials. Link lose (CMC) is mixed with aqueous lactose solution to study

the viscous effect on growth kinetics. The morphology
* Corresponding author. of the surface of granulated particles are examined under
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Fig. 1. Schematic representation of fluidized bed spray-granulation process.
scanning electron microscope (SEM). The densities and vis-controlled-thermo element is enclosed and protected from

cosities of these solutions under present study are measuretiquid-droplets by Teflon tape.
with the help of densitimeter and falling-ball-viscosimeter, = The sample-nucleus, made of aluminium and of about

respectively. 1.3 mm diameter is suspended in the stream flow coming out
of the nozzle. Though collision of droplets on the nucleus
2.2. Experimental set-up gives perturbation in its equilibrium position, it is kept float-

ing in the stream. The solution is transported from a storage
The experimental set-up is shown in Fig. 2. In a glass tank (cell) through a micro-dosing pump to an ultrasonic
cylinder of 150 mm diameter, a nozzle carries the drying atomizer suspended from the top of the granulation cham-
air streamVyygel upwards, whose temperature through the ber and is atomized. The originated droplets are accelerated
controlled heatingHkugel can be adjusted. This installed by projecting in the carrier air stream. The carrier air stream

v Carrier Air

=

Fig. 2. Experimental set-up to study spray granulation.
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is used to accelerate the coagulated/agglomerated droplets (a)
(of about 35.m). The droplets which do not collide with

the nucleus, are removed and carried away by a hot stream 16
of air. The temperature of all inlet and exit air streams are

measured and the signals are connected to a recorder.

1,4 +
2.3. Experimental procedure 3
=

At first, the solution to be granulated is prepared by %1,2—
weighing and mixing the compositions correctly. The op- &
erating parameters are tuned. The fluidizing air stream is %3)

so tuned that the floating particle is stable. The distance 2107
of the particle from nozzle is maintained at about 5mm. %

The washing stream of air (to remove dust from chamber)
is adjusted to 200I/h and the spray stream of air (carrying
the droplets) is tuned to its desired value. About14 5|

of liquid is atomized and sprayed (in the chamber) in each
time interval through a timely pulsed (once in every 5s) 30 50
micro-dosing pump. With spraying and drying, the fluidized

particle develops a layer of coating on its surface. At the end

of 200th spray, the dosing pump is stopped and the coated

particle is dried in the same stream of air for 3-5min. The (b)
coated particle is then taken out of the compartment and
the amount of coating is gravimetrically determined. The
particle is again brought back into the stream of air coming
through the nozzle. Spraying is done again and is repeated
at the end of 400th and 600th spray. The amount of growth
is estimated and is plotted against the number of sprays. The
result shows that there is enough deposition confirming suf-
ficient coating of material on the surface in 600 sprays. The
linearity of the curves (plot of coated weight against num-
ber of spray; not shown here) also reveals that building up
of layer is not remarkably influenced by the physical prop-
erties of the material. Hence the growth rate is defined as
the amount of material deposited (dried) per stroke of pump
or sprayed liquid (BSP). Each experiment was repeated at
least three times. Regression analysis was carried out after
calculating the mean value, slope and standard deviations.
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3. Results and discussion Fig. 3. Influence of fluidizing air temperature on particle growth for
different droplet velocities with: (a) 20% aqueous sodium chloride; (b)

. . 0, 1
3.1. Influence of droplet velocity and particle temperature  16% aqueous lactose solution.

The influence of process variables on droplet deposition
is studied by varying droplet velocities or fluidizing air
temperature. The droplets are supposed to have a unique ve74 cm/s) the experiments are conducted. In Fig. 3a, it may
locity (actually there exists a velocity distribution). Though be clearly seen that, in the case of sodium chloride, the spe-
the growth rate does not vary abruptly with droplet velocity, cific growth rate shows a positive deviation from its mean
significant change in growth rate is observed with change value in lower and higher temperatures signifying more
in fluidizing temperature. uncertainty in achieving expected granule size. (The mini-
Fig. 3a and b show the specific growth rate (which is mum growth was found at about 4D and lies in the range
equal to the ratio of growth of particle (coating) per spray to 2—4.2; the maximum growth was found at°80and lies in
its mean value) under varying fluidizing temperature con- the range 3-5.3.) The graph also gives an idea of probable
ditions with spray of sodium chloride and lactose solutions, product sizes at different fluidizing temperatures and with
respectively. Under different droplet velocities (31, 47 and different droplet velocities. With higher droplet velocities



4 R.C. Panda et al./Chemical Engineering Journal 83 (2001) 1-5

and lower fluidizing temperature, the size of the granule be- Crolymer [Wt:% solution]
comes larger than expected. From Fig. 3b, it is evident that 0 02 o4 06 08 !
coating with aqueous lactose solution at lower temperature
and with higher droplet velocity produces lower size of par-
ticle than the expected mean. (The minimum growth was
found at about 70C and lies in the range 4-2.8; the maxi-
mum growth was found at 3€ and lies in the range 5.8-3.)
It is observed that uncertainties in getting a desired size
of product are more in the case of sodium chloride than in
lactose. At higher temperatures, the deposition is maximum
and it is minimum at about 60-7G. It is also observed that
with increase in fluidization temperature, the dust produc-
tion due to overspray also increases inside the fluidization
chamber. 2
The results with lactose are similar to Link [5]. The sur- Crotymer
face tensmn of lactose solution on the Surface of par.tIC|e IS Fig. 5. Effect of viscosity of spraying liquid (by adding a binder material)
a function of temperature and shows optimal behaviour at on particle growth rate (fluidization temperature°89 droplet velocity
around 50C. At higher temperature the surface properties 74 cmys).
increase and an amorphous lactose is observed. But no such
optimal behaviour is observed in the case of sodium chlo-
ride solution. At lower temperature, the growth rate is low 3.2. Addition of binders
due to higher wettability and with increase in temperature of
fluidizing air, the droplet deposition increases. Fig. 4 shows Addition of binders changes the viscosity of spraying
the effect of droplet velocities on the mean values of growth liquid. A change in the amount of droplet deposition on
rates per spray. It can be observed that the droplet depositiorthe particle is therefore expected. PVP was used as binder
decreases with an increase in droplet velocity. Only a few of material to lactose. The dependence of growth rate on
the liquid-droplets collide the fluidizing particle. A part of concentration of binder materials may be seen in Fig. 5.
the colliding droplets reflect back from particle surface and It is clearly seen that the addition of polymer substances
the others adheres on surface. The droplets that bounce backcreases the droplet deposition slightly. The cause could
from particle surface increase with increase in velocity of be the increase in viscosity of spraying solution due to
droplets and hence lesser deposition. These results are helpaddition of polymers. Link [5] showed that the critical ve-
ful to understand the adhesion characteristics of materials inlocity of droplets above which the droplets bounce back
droplet deposition. The effect of temperature for a droplet from the surface, is dependent on surface-contact ahgle
velocity (74 cm/s) is also studied for aqueous solutions of viscosity of droplet and diameter of droplet. An increase in
20% maltodextrin and 20% calcium chloride. Although the the viscosity of solution, increases the critical velocity and
effect is less in case of maltodextrin as compared to the casethereby increases energy of dissipation. To prove this, CMC
of lactose, the growth rate changes in a similar way. Due is added with aqueous solution of lactose to increase its
to hygroscopicity of calcium chloride, the investigation was viscosity. Slightly more deposition of material is observed
carried out from 60C onwards. The growth rate is observed (Fig. 5). Addition of binder changes physical properties of
to be relatively higher at 8€ (similar to sodium chloride).  material like surface energy significantly as observed by
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Reyza [6].
Present experiments show that the growth rate increases
6 almost linearly with increase in polymer concentration.
—°—20% NaCl soln With a maximum concentration of PVRC§p=1% with
51 ~716% Lactose soln. viscosity 1.8cp at 2@C) or CMC (Ccmc=0.3% with vis-

cosity 28cp at 20C ) in the solution of aqueous lactose,
the viscosity of solution is increased by a factor of 1.2 or
20 (over aqueous lactose 16%), respectively. Although the
increase in viscosity by CMC is significantly high, the slope
of growth rate is small. This concludes that the addition of
PVP also causes a change in surface properties. To clearly
understand the effect of viscosity on growth rate, experi-
0 ‘ ’ ; ; ments related to physical properties of materials (specifically

0 20 4& - /S]GO 80 100 surface properties like surface tension, dynamic contact

i angle) are essential in order to formulate a mathematical

Fig. 4. Influence of droplet velocity on particle growth. model.

Growth Rate Am(microgms./spray)
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Fig. 6. Morphology of particles (sodium chloride coated — left: at@G0middle: at 50C; right: at 80C, with a droplet velocity of 74cm/s in both
cases) (magnification: 120m).

3.3. Particle morphology coating process. The effect of viscosity of solution on the
spray-granulation process is supposed to be less significant.

Effects of process parameters on surface morphology These results are useful to select the operating variables and

of granulated particles are observed under SEM. Granu-to scale up the process.

lation at lower temperature shows crystalline structure of

lactose whereas at higher temperature the morphology is

amorphous. In the case of sodium chloride (Fig. 6), strong Acknowledgements

porous structure is observed which changes with dry-

ing Conditions_ The porosity increases W|th h|gher dry|ng The first author wishes to aCknOWIedge the financial as-

temperatures. sistance provided by DAAD in carrying out this research
This is in close resemblance with the results of Link [5] Work.

as at higher temperature the surface tension increases the

growth rate as revealed in Fig. 3a. Conversely, granulation

at lower temperature does not show any enhancement o

porosity.
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