Pharmaceutical Research, Vol. 7, No. 11, 1990

Research Article

Characterization of a Hot-Melt Fluid Bed Coating Process for

Fine Granules

Michael J. Jozwiakowski,*?> David M. Jones,* and Robert M. Franz!

Received November 21, 1989; accepted May 11, 1990

The equipment modifications and process changes necessary to perform hot-melt particle coating in a
fluid bed granuiator are reviewed. A specific case is presented in which partially hydrogenated cot-
tonseed oil is coated onto fine granules (mean particle size, 77 wm; range, 10-150 wm; one standard
deviation is 10 pm) composed of a hydrophobic drug and sucrose. The major variables were product
bed temperature, temperature of the wax, spray rate, and atomization air pressure. The product bed
temperature was selected to give the optimum congealing rate, and the latter three variables were

“varied in a statistically designed experiment. The physical properties of wax-coated granules fabri-

cated using combinations of process variables were examined. Response surface analysis was used to
determine the optimum process settings in terms of dissolution, particle size, and density of the coated
product. This system proved quite adequate for the production of uniformly coated granules, with the
best product being obtained at the optimized conditions using 120°C atomization air and molten

coating temperature, 30 g/min as the spray rate, and an atomization air pressure of 5 bar.

KEY WORDS: hot-melt coating; microencapsulation; cottonseed oil; optimization; wax coating.

INTRODUCTION

Wax Microencapsulation

The technique of applying hot-melt coatings onto a flu-
idized bed of particles has received no appreciable attention
in the pharmaceutical literature. A number of researchers
have reported on the effect of wax coatings generated by
spray-congealing of drug/molten wax slurries (1-4), solvent
evaporation (5-8), or chilling melts in stirred vessels (9,10}
on formulation properties. The in vitro release rates for for-
mulations spray-congealed from slurries were affected by
the type of wax (2,4), the type of nozzle (2), and the addition
of surfactants (2,3). Wax coating affected the flow properties
of lactose (7) and the strength of tablets made from these
powders (8). While wax-coated formulations are poorly wet-
table in aqueous media (8), they may enhance bioavailability
in vivo by reducing the degradation of acid-labile compounds
(5) or prolonging the duration of action (9,10). In the present
paper we describe the effect of fluidized bed wax coating on
the physical properties of fine particles (<150 pm) and the
differences caused by varying the coating parameters.

Hot-Melt Coating

Employed for many years for drying and granulating,
the standard fluidized bed (Fig. 1, left) has successfully been
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used for coating small pellets, granules, and particles using
molten materials. The product container is an unbaffled, in-
verted, and truncated cone with a fine retention screen and,
in some circumstances, a permeable filter cloth at its base.
Using a high air velocity, the substrate is accelerated past
the nozzle, which sprays the coating liquid countercurrently
into the randomly fluidized bed. The coated particles travel
through this ‘‘zone’’ into the larger-diameter expansion
chamber, where they cool slightly and decrease in velocity.
When their velocity drops to zero, they fall back into the
product container and continue cycling throughout the du-
ration of the process. The openness of the product container
results in no resistance to particle flow, which is essential for
adequate fluidization.

Materials with a melting point of less than 80°C can be
applied by carefully controlling the spray liquid atomizing air
temperature and the product temperature. The coating is
maintained at a constant temperature, usually 40-60°C above
its melting point. It is applied using a binary nozzle; liquid is
supplied at low pressure and is atomized into droplets by
pressurized air. To keep the particles small and discrete, a
high atomization air pressure (4-6 bar) is employed. At such
high pressures, the air velocity is extreme and may result in
pulverization of fragile substrates. Small droplet size is also
achieved by the typically low viscosity of the melt and the
relatively slow spray rate. The nozzle wand is coaxial with
the atomization air, completely surrounding the liquid line to
the nozzle port tip. The atomization air is heated to the same
temperature as the spray liquid and serves to keep the mol-
ten coating at its application temperature. The nozzle wand
must be insulated to prevent remelting of coated particles
which contact it during fluidization. It is positioned as low as
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Fig. 1. Comparison of standard fluid bed granulator (left) and one
designed especially for particle coating (right) which facilitates hot-
melt coating. Major revisions include the lengthened expansion
chamber, the conical shape of the expansion chamber, and the pro-
vision for alternate filter shaking without interrupting fluidization.

possible in the expansion chamber to minimize the distance
that the droplets travel before impinging on a substrate par-
ticle. In this manner, premature spray congealing is inhib-
ited.

The quality of the coating is dependent on the congeal-
ing rate and the application rate. At lower product temper-
atures, the coat contains more pores and defects due to con-
gealing prior to complete spreading. Product temperatures
too close to the melting temperature of the coating result in
wet, sticky beds that may favor particle-particle agglomer-
ation. As the product temperature (controlled primarily by
the fluidization air temperature) approaches the melting
point of the coating, the bed becomes viscous. The liquid
spray rate is slow in comparison to that used when applying
coating solutions or dispersions; however, since it is not
diluted, the rate of solids application is high. A 20% weight/
weight coating can be applied in 1 hr or less. Within a range,
slower spray rates lead to a more uniform distribution of the
coating material. Slower spray rates inhibit agglomeration by
allowing adequate cooling prior to application of subsequent
layers, keeping the bed drier.

While it is possible to conduct hot-melt coating in the
standard fluid bed granulators, newer fluid beds designed
specifically for powder coating facilitate these techniques
(Fig. 1, right). These coaters incorporate a lengthened con-
ical expansion chamber and a split filter housing which re-
turns fines (by shaking) to the batch without interrupting
fluidization. These two improvements allow a faster liquid
application rate (due to higher particle velocities) and oper-
ation at a slightly elevated product temperature, resulting in
better coat quality. With some of the older granulators which
do not have split filter housings that alternate sides during
shaking or engage blow-back filter systems, during filter
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shaking the bed is at rest, and the layer in contact with the
bottom screen may locally superheat and melt. As the screen
becomes occluded, the fluidization air volume will decrease
(as will particle velocity), and agglomeration will occur.
Since fluidization in the newer designs is continuous, prod-
uct contact with the bottom screen is only momentary.

Hot-melt coating can be accomplished in machines with
product containers ranging in size from 10 to 1560 liters. A
single-headed nozzle is used in machines up to 220 liters, and
a three- or six-headed nozzle is used in a production scale
coater. In some applications, multiple nozzle systems have
been used. Although fluid bed machines smaller than 10 li-
ters are available, their use is discouraged because it is dif-
ficult to control the process precisely and to keep the coating
molten at very low spray rates. Small-diameter pump tubing
lessens the chance of hardening of the coating by increasing
velocity at the same mass delivery rate. Particles less than
100 pm can be coated using the powder coater design, how-
ever, agglomeration potential increases with decreasing par-
ticle size.

Use of Optimization Techniques in Formulation

Response surface methodology has proven to be a use-
ful technique in the development of pharmaceutical pro-
cesses and formulations (11-15). Several fluid bed processes
have been evaluated using these techniques (16,17), but to
our knowledge they have not been used in the characteriza-
tion of a hot-melt fluid bed coating process. The basic com-
ponents of response surface methodology, first developed by
Box and Wilson (18), include experimental design, regres-
sion analysis, and optimization algorithms. These are used to
investigate the empirical relationship between one or more
measured responses and a number of independent variables.
The ultimate goal of these techniques is to obtain an optimal
product or process. The specifics of the techniques are well
described in the literature (19) and are not reviewed here. In
this study, process optimization techniques were applied to
a fluid bed hot-melt coating process using a fine granulate
prepared by wet granulation.

MATERIALS AND METHODS

Properties of Materials

A sugar-based granulation was coated with partially hy-
drogenated cottonseed oil (Durkee 07 Stearine, Durkee In-
dustrial Foods) in a Glatt GPCG-5 fluid bed unit by hot-melt
top-spray techniques throughout this work. The partial sat-
uration of the fatty acid chains of the triglyceride hardens
this wax to a melting point of approximately 64°C. The ester
linkages are primarily stearic acid (C-18) or palmitic acid
(C-16) in length. This coating wax has a bland odor and
virtually no taste, is approved as a food grade material, and
is slightly yellow in color. Lot number J7166F was used
throughout the study. It had a melting range of 64-67°C by
differential scanning calorimetry (Perkin—-Elmer DSC-7) with
an enthalpy of fusion of 169 J/g. It is quite hydrophobic,
showing a contact angle of 108.4° with water under 100%
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relative humidity (Rame-Hart goniometer, n = 17, SD =
1.5°). The viscosity of molten partially hydrogenated cotton-
seed oil decreases gradually from 22 to 6 cps over the tem-
perature range of 60-130°C (Brookfield LVTVD-II digital
viscometer).

The granulation for the coating studies was an aqueous
granulation of a hydrophobic nonionic drug (18% by weight)
and powdered sugar made in a Fielder PMA 65 liter granu-
lator (T. K. Fielder Ltd.). Lot-to-lot differences were elim-
inated as a process variable by preblending sufficient gran-
ulation for all batches in the study. The granulation was
screened (Russell-Finex Sieve), and only those granules un-
der 100 mesh (150 wm) were used in coating studies.

Description of the Coating Process

Uncoated granules were fluidized with an air volume of
220 m>/hr, which allowed good fluidization patterns through-
out the coating run. A nylon/carbon filament exhaust filter
(PA/CF 9754, 3 to 10-wm pore size, Glatt Air Techniques,
Ramsey, NJ) was used to prevent loss of the fine particles
through the expansion chamber, and the bowl was lined with
Polyester filter cloth (50-p.m pore size, Glatt Air Techniques,
Ramsey, NJ) to keep the granules from falling through the
bottom mesh screen. The nozzle and wand were wrapped
fully with insulating tape and placed in the bottom position in
the expansion chamber to spray onto the densest portion of
the bed. A Schlick two-fluid nozzle with a port size of 0.8
mm and an air dome setting of 3 X 360° provided good spray
patterns with molten wax at all atomization pressures in the
study. Atomization air was heated by passing the line
through an oil bath and kept at temperatures near that of the
molten wax. Figure 2 illustrates the configuration of the in-
sulated nozzle and atomization air lines with respect to the
melt vessel and fluid bed for this study. The filter was shaken
in alternate halves at 15-sec intervals for 3 sec without in-
terrupting fluidization or spraying. Batch sizes of 6 kg (un-
coated) were initially provided with 60°C inlet air and ad-
justed from that point to maintain product bed temperatures
just below the melting point of the wax throughout the coat-
ing phase. Molten wax was maintained at constant temper-
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ature on a hot plate and its application rate was measured by
weight loss on a digital electronic balance (Sartorius top-
loading). Coating was applied to 30% by weight (1.8 kg), and
the coated particles were allowed to cool to 40°C before
halting fluidization. Cooling was accomplished by turning off
the inlet air heater and bypassing the atomization air heater.

Experimental Design

Preliminary coating trials and previous experience by
the authors had shown that the dominant variables affecting
hot-melt coating processes are the product bed temperature
during spray, the temperature of the molten wax, the atom-
ization air temperature, the atomization air pressure, and the
coating application or spray rate. Other variables of impor-
tance such as batch size, fluidization velocity, nozzle port
size, and percentage coating were fixed at predetermined
levels (detailed in the preceding paragraph) based on the
initial trials. Product bed temperature was optimized for this
particular wax and held constant (54°C) for the process op-
timization trials. Table I shows the levels used for each vari-
able studied, including atomization air pressure, tempera-
ture, and spray rate. The temperatures of the molten wax
and of the atomization air were studied as one confounded
variable; that is, they were varied in concert to the levels
indicated. Each variable was studied at low (— 1), midpoint
(0), and high (+1) levels that were equally spaced intervals
which bracketed the expected region of optimum coating
performance. The coded variable is used to preserve orthog-
onality and permit direct comparison of the magnitudes of
the regression coefficients. A modified central composite de-
sign (20) was used for the study (Table I). The design con-
sists of a full factorial portion (runs 1-8, Table I), centerpoint
replicates (runs 9-12), Table I), and additional face-centered
star points (runs 13-14, Table I) for the atomization air pres-
sure. Preliminary experiments indicated that the atomization
air pressure could cause curvature in the response surface,

Table I. Modified Central Composite Design for Three Variables

Variable level

Coating run
No. X X,* X5°
1 -1 -1 +1
2 -1 -1 -1
3 -1 +1 +1
4 -1 +1 -1
5 +1 -1 +1
6 +1 -1 -1
7 +1 +1 +1
8 +1 +1 -1
9 0 0 0
10 0 0 0
11 0 0 0
12 0 0 0
13 0 0 +1
14 0 0 -1

“ Temperature of molten wax and atomization air (80, 100, 120°C).
® Spray rate for wax coating (30, 45, 60 g/min).
¢ Pressure of atomization air (3, 4, 5 bar).
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while the remaining variables had essentially linear effects.
Four centerpoint replicates were performed to obtain an es-
timate of the experimental error and, hence, the relative sig-
nificance of the variable effects. Second-order regression
models were developed for the various responses in the form
shown below:

Y, = by + b X, + b X, + b3 X5 + b, X X, + b3 X\ X,
+ bpXoXs + b X XoXs + b3 X3 X5 M

where Y; is the specific response being fitted, b; is the re-
gression coefficient, and X; is the coded level of the inde-
pendent variable. Regression analysis, contour plotting, and
statistical optimization were performed on a commercially
available personal computer-based software package called
XSTAT (21). The coating trials were performed in random
order over a period of 1 week at the Glatt testing facilities in
Binzen, West Germany.

Responses and Measurement Techniques

Representative composite samples were taken of each

run after coating and stored in amber glass bottles. The sam-
ples were subjected to various physical and chemical tests to
evaluate the properties of the product and quantify the effect
of process parameters on each response. Scanning electron
microscopy (SEM) was used to evaluate the coating unifor-
mity and surface morphology. Samples were coated with
200-300 A of gold on a carbon-painted surface (Hummer VII
coater, Anatech Ltd.) and evaluated at three magnifications
on an ISI-DS 130 scanning electron microscope (Interna-
tional Scientific Instruments). Each batch was viewed as a
population, a single particle, and a surface closeup, with care
taken to choose an average particle in each case after ob-
serving many particles.
- . Ten samples from various portions of the container
were assayed by HPLC for drug content (using hexane to
extract the drug from the coating). The mean weight/weight
percentage drug was used as the assay value for each batch,
and the percentage relative standard deviation as a measure
of uniformity. Dissolution rates in 0.1 N HCl and pH 7.5
phosphate buffer were measured on a flow-through system
(Hewlett-Packard 8451A with dissolution software). The
USP paddle method (at 100 rpm) and 900 ml of 37°C disso-
lution medium were used. Samples containing known
amounts of drug (based on the assays) were shaken with
simple syrup USP until uniformly suspended, and a known
volume was added to the medium by syringe. The percent-
age dissolved, as compared to a reference solution of drug,
was followed for 1 hr by ultraviolet detection.

The bulk density of each batch was measured by pour-
ing coated granulation through a 1-cm orifice funnel into a
graduated cylinder, and recording weight and volume occu-
pied to calculate density (z/cm®). Tapped density was calcu-
lated from the volume decrease following 1000 taps on an
automated tap density machine (Vanderkamp). The means
of three determinations per coating run were combined to
arrive at a measure of powder flowability, the percentage
compressibility proposed by Carr (22):

% compressibility = 100 (p, — po)/p, )
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where p, is the tapped density and p, is the bulk density. The
smaller the percentage compressibility, the better the pow-
der flowability. The mean particle size was determined by
sieve analysis using one 100-g sample per coating run and six
screens (having 250-, 180-, 150-, 125-, 106-, and 75-pm open-
ings). These were shaken for 10 min on an automatic shaker
(Ro-Tap) and the percentage weight in each size class was
recorded. A software program based on the algebraic
method of Motzi and Anderson (23) was used to calculate the
mean particle size.

RESULTS AND DISCUSSION

Physical Properties of Coated Material

Preliminary experiments were performed to obtain an
optimal product bed temperature. Bed temperatures were
measured by a probe which sampled the moving bed approx-
imately halfway from the product container bottom mesh.
The maximum temperature which did not show agglomera-
tion problems was desired, in order to minimize coat defects
and achieve uniform wax distribution on the surface. Trials
were performed using midpoint conditions for all other vari-
ables and 50, 54, and 58°C bed temperatures (based on the
wax melting temperature). The 58°C sample showed exten-
sive particle size growth, a wet sticky bed, and a rough sur-
face appearance under SEM. This temperature approached
the wax fusion temperature too closely and resulted in so-
lidification times that were too long, causing ‘‘wet’’ particle—
particle collisions which disrupted the coating before hard-
ening. The 50 and 54°C samples showed uniform smooth
coated surfaces; therefore 54°C was set as the product bed
temperature. This could be maintained within +1°C by ad-
justing the inlet air temperature throughout the run. Process
times varied from 30 min (high spray rate) to 60 min (low
spray rate) during the design trials. Trials using high spray
rates exhibited heavier beds and appeared much wetter near
the conclusion of the run. Electrostatic interactions caused
the granules to stick to the expansion chamber initially, but
as coating was applied, fluidization became regular and vig-

ticle. 682X magnification; reduced 70% for reproduction.



A Hot-Melt Fluid Bed Coating Process for Fine Granules

ing run 13 at 1020x magnification; reduced 70% for reproduction.

orous. Yields varied from 99 down to 85%, and all of the
material which did not stick to the walls or nozzle was used
in the evaluations without further sizing.

Figure 3 shows an SEM of an average granule prior to
coating, and Fig. 4 shows a wax-coated granule (30% coating
by weight) from coating run 13 (midpoint wax/atomization
temperature, midpoint spray rate, and high atomization air
pressure). All SEMs taken were similar in surface appear-
ance; no obvious morphological changes resulted from vary-
ing any of the parameters, although some runs had larger
particles on the average. Different shapes and sizes of indi-
vidual particles masked the effects of the processing condi-
tions during manufacture. Figure 5 shows a surface closeup

(run 6, high temperature, low spray rate, low atomization '

pressure) that is typical of the coated granules; there are
smooth rounded corners that mask the roughness seen in
uncoated granules and patterns that suggest that the wax
spreads on the surface prior to hardening.

Fig. 5. Closeup SEM of surface morphology of wax-coated particle.
Coating run 6 at 5090 magnification; reduced 70% for reproduc-
tion.
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Table II summarizes the results for the quantitative re-
sponses measured on a representative sample for each coat-
ing run. The assay value (% drug) of each coated granule run
was within the range expected upon applying a 30% coating
to uncoated granules consisting of 17-18% drug. Reasonable
uniformities were obtained; these were only slightly higher
than the 0.8% RSD obtained for the uncoated granulation.
The high value for run 3 may be real or may be a conse-
quence of the small number of replicates (10 samples as-
sayed). The bulk density decreased slightly for all coating
runs (0.69 g/cm® for the uncoated sample), but the tapped
densities varied in behavior depending on the coating con-
ditions (uncoated value, 0.76 g/cm?). Mean particle size var-
ied considerably, but always increased (as expected) from
the size of the uncoated material (mean size, 77 pm). The
atomization air pressure strongly affected the particle size,
such that this can be seen even before statistical analysis.
Those runs with large mean particle sizes were performed at
low atomization air pressures and exhibited agglomeration
under the light microscope. The flowability measures gener-
ally increased (from the uncoated value of 9.1%), indicating
a reduction in powder flowability upon wax coating applica-
tion, but all values are still in the range defined by Carr as
“‘good’” flow (22). Dissolution results were essentially inde-
pendent of the medium pH;; this is readily apparent in Fig. 6,
which plots the dissolution results from run 3 in both 0.1 N
HCI and pH 7.5 phosphate buffer. This is as expected for a
system containing a nonionic drug and a neutral triglyceride
ester coating, both of which are nonionizable throughout this
pH range. The dissolution data in Table II and Fig. 6 repre-
sent the mean of three determinations for each run in each
medium. The standard deviation of these determinations was
typically 1-2%.

Fitted Regression Models

Table III summarizes the results of the regression anal-
ysis after fitting a second-order model to each response [Eq.
(1)]. The correlation coefficients, F ratios, and model signif-
icance level were acceptable in all cases except for the bulk
density (Y3) and flow (Y) responses. The variability in these
data could not be accounted for by the processing parame-
ters using this model. The percentage drug by assay (Y;) and
content uniformity (Y,) were statistically affected by the pro-
cess parameters, but the response range covered in the in-
ference space was not practically relevant. All lots made
under any of the combinations of variables employed had
acceptable values of bulk density, flow, potency, and uni-
formity (see Table II); thus, they were not used in determin-
ing optimum coating parameters. Tapped density, particle
size, and the dissolution responses were changed signifi-
cantly by altering the coating parameters and were consid-
ered the relevant response variables for the study. As indi-
cated by the magnitude of the regression coefficients in Ta-
ble III, the atomization air pressure (X;) had the greatest
effect on the relevant responses. As the atomization air pres-
sure is increased, a reduction in mean particle size occurs,
whereas the tapped density and percentage drug dissolved
are increased. The spray rate of the molten wax (X,) also
significantly affects the relevant responses (Table III). An
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Table II. Values of the
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Measured Responses

Y, Y,/Y,, Ys, Y, Y,/Ys,
Yy, content density (g/cm®), particle size flow dissolution (%f/hr),
Run No. percentage drug uniformity bulk/tapped (mean pm) (% compress.) acid/neutral pH
1 12.8 1.35 0.64/0.75 103.6 12.3 57.3/64.0
2 13.3 1.01 0.62/0.72 113.8 13.8 56.6/54.8
3 12.8 3.31 0.65/0.77 100.5 15.3 59.9/60.0
4 13.5 0.98 0.61/0.68 139.4 10.9 25.2125.7
5 12.6 1.62 0.67/0.78 106.8 13.8 74.1/70.1
6 13.2 1.19 0.64/0.70 124.3 8.5 37.6/40.8
7 13.2 1.30 0.63/0.72 114.6 12.1 39.3/41.1
8 13.2 1.04 0.61/0.70 127.8 12.7 41.1/43.6
9 13.7 1.24 0.64/0.75 94.9 12.8 60.5/59.9
10 13.4 1.86 0.66/0.74 99.2 11.3 57.2/58.0
11 13.3 1.39 0.64/0.73 114.4 12.0 47.6/51.4
12 13.4 1.01 0.60/0.72 107.8 16.3 40.8/43.2
13 13.2 1.30 0.65/0.75 103.9 12.1 47.8/47.0
14 13.2 1.30 0.60/0.70 130.5 15.2 32.8/34.6

increase in spray rate generally results in a larger mean par-
ticle size and lower values for tapped density and percentage
dissolution of the coated material. This would be expected,
as increasing spray rates typically caused a change in atom-
ization patterns at constant pressures. Within the inference
space of the design, the temperature of the molten wax/
atomization air (X;) had little effect on the relevant re-
sponses (Table III). Three-way interaction exists between
the process variables (b,,5) and significant curvature in the
response surface is evident (b3;) for the tapped density and
mean particle size responses.

Optimization of the Coating Process

The optimum product was defined as one having high
dissolution and small particle size (no agglomeration) and
acceptable values of the less critical parameters (potency,
uniformity, flowability, and bulk/tapped density). The per-
centage drug dissolved in 0.1 N HCI was chosen as the ob-
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Fig. 6. Dissolution data by USP paddle method at 37°C and 100 rpm.
() Uncoated granulation in both 0.1 N HC1 and pH 7.5 phosphate
buffer; (A) wax-coated granulation (coating run 3) in pH 7.5 phos-
phate buffer; (O)wax-coated granulation (coating run 3) in 0.1 N
HCIL.

jective function and was maximized at a wax/atomization
temperature of 120°C, a spray rate of 30 g/min, and an at-
omization air pressure of 5.0 bar, using the simplex tech-
nique incorporated in the XSTAT software package (21).
This also corresponds to the maximum tapped density and
results in a particle size very close to the minimum. SEM
had shown that the coating was complete in all cases, and
potency/uniformity results were in the expected range. Bet-
ter flowability would be desirable but is not possible at any
combination of these variables in this region (or with parti-
cles this small). These conditions were chosen as optimal for
this process on this machine. Since these are on the corner of
the design, consideration was given to extending the region
of study in that direction, but this was not considered feasi-
ble. Higher molten wax temperatures would not have much
of an effect and posed safety issues. Atomization air pres-
sure is equipment-limited (to about 6 bar), but operation at
the machine’s limit would reduce reproducibility and restrict
fine-tuning in later work. Finally, slower spray rates would
make the process impractical in a production environment.

Figures 7-9 depict the effects of the major variables
(spray rate and atomization air pressure) on tapped density,
dissolution in 0.1 N HCIl, and mean particle size while wax/
atomization air temperature is fixed at the high level (the
optimum level which maximizes dissolution). The fitted re-
gression results are shown as both three-dimensional graphs
(upper) and contour plots with constant levels indicated
(lower). Response surfaces and contour plots were gener-
ated from the full regression model. The upper left corner of
each contour plot represents the coating conditions chosen
as optimum. Movement in most directions results in lower
dissolution rates, lower densities, and larger mean particle
sizes. Significant interaction between the plotted variables is
especially evident for tapped density (Fig. 7) and percentage
drug dissolved (Fig. 9). Significant curvature in the response
surface with changes in atomization air pressure is readily
apparent for the mean particle size (Fig. 8).

The optimum product bed temperature (54°C) and the
wax/atomization air temperature (120°C) are a function pri-
marily of the coating wax and would be expected to be the
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Table III. Summary of Regression Results for the Measured Responses

Regression coefficient value for response Y

Coefficient Y, Y, Y, Ys Y Y, Ys
b, 13.45 1.38 0.635 0.735 104.1 13.1 51.5 53.1
b, X -0.19 X X X X X
b, 0.10 0.18 X -0.010 4.23 X -7.5 -74
b, -0.18 0.34 0.016 0.027 —10.64 X 8.5 8.3
by X -0.30 X X X X X
bis X -0.25 X X X X X
b,y X 0.23 X X X X X
by 0.10 -0.27 X —0.015 4.13 X -9.0 -7.1
bss —0.35 X X -0.009 12.44 -1.6 X X
4 0.908 0.909 0.804 0.973 0.944 0.706 0.916 0.916
F° 2.95 3.39 1.14 10.92 5.10 0.62 3.25 3.26
p¢ 0.135 0.110 0.458 0.022 0.060 0.734 0.117 0.117

¢ X indicates that the regression coefficient was not significant at o

b Multiple correlation coefficient.
¢ Mean square regression/mean square residual.
4 The attained significance level for the model.

same in any size fluid bed. Spray rate and atomization pres-
sure are also functions of nozzle sizes, batch sizes, and heat-
ing/fluidization capacity, so the absolute settings will change
by machine size. However, in subsequent studies, the trends
remained the same; adjustment to higher pressures and
slower spray rates favored less agglomeration and improved
dissolution. In a Glatt GPCG-3 machine using batch sizes

tapped density
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Fig. 7. Contour plot and three-dimensional (3-D) graph showing the

variation of tapped density (¥,) with spray rate (X,) and atomization

air pressure (X;) while temperature (X)) is fixed at the high level

(120°C).

0.25.

half that of this study, a spray rate of 15 g/min and a pressure
of 4.0 bar produced the same results as the optimum condi-
tions in the GPCG-5 of this work. Limited experience at the
100-kg batch size showed again that spray rate and particle
size were directly related, and atomization air pressure and
particle size were inversely related, with atomization air
pressure being the dominant variable.

mean size
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Fig. 8. Contour plot and 3-D graph showing the variation of mean
particle size by sieve analysis (Ys) with spray rate (X,) and atomi-
zation air pressure (X,) while temperature (X)) is fixed at the high
level (120°C).
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