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INTRODUCTION

Aqueous film-coating of tablets is a universal pharmaceutical
manufacturing process, which is used for aesthetic reasons
(colour), taste masking, controlling drug release or for applying
drug to core tablet. Good-quality of aqueous film coating must
be smooth, uniform, adhere satisfactorily to the core tablet
and chemically stable. The factors which are majorly identified
for spreading, penetration and drying (water evaporation) of
the coating liquid are inlet airflow rate, coating solution flow
rate, spraying air pressure and rotating speed of the pan.
Undesired water penetration into the tablet core during coating
(because coating process exposes tablets to wide variations of
temperature and humidity) or storage can cause changes in
the structure of the film-core interface, core expansion and
increase risk of degradation of moisture-sensitive drugs [1].

Film-coating of tablets is process which involves distinct
variables and factors such as core tablet composition, coating
equipment, process conditions and coating suspension, which
affect quality and visual appearance of final product [2-4].
Process conditions of tablet coating depends on number of
variables such as inlet air flow rate, spraying air pressure,
coating solution flow rate, pan air temperature and rotating
speed of pan, etc.
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Design of experiment (DOE) works with systematic inves-
tigation of variable factors and their interactions. Design of
experiment analysis yields much more reliable and complete
results than from one-factor-at-a time experiments which gene-
rally may ignore interactions which lead to wrong conclusions.
It has also been used to improve the understanding the relation-
ship between product (responses) and process parameters
(factors) and the desired performance characteristics such as in
the coating process. The advantages of optimization using design
of experiment [5,6] and theory of environmental equivalency
factor [7] are by combining both the techniques gives better
optimization control in case of multivariate and complex
processes like tablet coating. It requires far few tests for valid
results. This means fewer resources to obtain better amount of
information, which proves crucial factor for an industry. Both
(surface finish and loss on drying) responses selected in this
study are measurable and responsible for aesthetic appearance
of the tablets as well as stability of the final product. The environ-
mental equivalency factor gives the exact idea of drying effi-
ciency which is dependant on many coating parameters. The
rationale behind using both techniques design of experiment
and environmental equivalency factor is because process of
tablet coating involves large number of parameters. Therefore an
empirical design of experiments approach alone is insufficient



to achieve understanding of the process which is essential to
accomplish robust process design.

The present study aimed at identification and screening of
the critical coating process parameters by design of experiments.
Further optimization was carried out using the environmental
equivalency factor. An initial screening was done using the 23

full factorial design, where the surface roughness and loss on
drying was quantified. For visualization of surface roughness
scanning electron microscopy was performed.

EXPERIMENTAL

Magnesium stearate NF vegetable source (Ferro Corporation,
USA) and opadry yellow (Colorcon, India) was received as a
gift sample from Biovas lab, India. Lactose monohydrate EP,
Microcrystalline cellulose NF ph102 and Croscarmellose sodium
NF was procured from SD fine chemicals Ltd. Mumbai.
Colloidal silicon dioxide NFCAB-O-SIL M5 was procured
from Cabot Sanmar Ltd. Mumbai and all other reagents were
of analytical grade.

Preparation of core tablets: Tablets were compressed
in a rotary tablet press. Size of the tablet was 6.5 mm. Round
shaped standard convex placebo tablets were used for the study.
Formula for a single core tablet is included in Table-1. The
dispensed excipients such as microcrystalline cellulose (NF
ph102), lactose monohydrate (EP) and colloidal silicon dioxide
(NFCAB-O-SIL M5) were sifted through sieve no 40 and
blended together for 10 min in a double cone blender (Inco,
India). Lubricants, Magnesium stearate NF and Purified talc
were sifted through sieve no 80 and the lubrication was done
for 5 min in the same blender. The prepared blend was comp-
ressed on single rotary tablet press (Cadmach, India) to produce
Round shaped standard convex placebo tablets, which were
used for the study.

TABLE-1 
FORMULA OF CORE TABLETS WITH QUANTITIES 

Ingredients Quantities 
(mg/tablet) 

Microcrystalline cellulose NF ph102 18 
Lactose monohydrate EP 140 
Colloidal silicon dioxide NFCAB-O-SIL M5 5 
Magnesium stearate NF vegetable source (Ferro) 1.5 
Purified talc 0.5 

 

Film coating of core tablets: Coating suspension was
prepared by adding opadry yellow into purified water under
continuous stirring (10 % w/v solid content). Stirring was con-
tinued for 45 min to form homogeneous suspension. Coating
was carried out in the side vented and perforated coating pan
[8] (Autocoat engeniering, India). The basic diagram of a side
vented pan coater is as shown in Fig. 1, where process airflow
is shown to enter the rotating perforated pan containing tablet
bed and flow out as exhaust airflow. Additional air inlet streams
are the spray nozzle atomization and the pattern air.

Air-Vapour mixture out Heated Air-Vapour mixture in

Exhaust

Inlet

Tablet Bed

Spray

Fig. 1. Basic diagram of a side vented pan coater

Factorial design of coating parameters: In the initial
screening process a 23 factorial design was employed on coating
parameters such as inlet air temperature, spray rate and atomiza-
tion air pressure. The factors are factor A as inlet air temperature
(°C) {low level (-1) at 50 °C, center point (0) at 55 °C and high
level (+1) at 60 °C}, factor B as spray rate (mL/min) {low level
(-1) is 30 mL/min, centre point (0) is 55 mL/min and high level
(+1) is 80 mL/min} and Factor C as atomization air pressure
(kg/cm2) {low level (-1) at 1 kg/cm2, centre point (0) at 1.5 kg/cm2

and high level (+1) at 2 kg/cm2}. The surface roughness (RA
value) and loss on drying are taken as responses (Table-2).

TABLE-2 
FACTORS AND RESPONSES (23 FACTORIAL DESIGN) 

Standard Run Inlet air temp. (A) Spray rate (B) Atomization air 
pressure (C) 

Surface roughness 
value 

Loss on  
drying (%) 

4 1 60 80 1.0 2.92 2.42 
1 2 50 30 1.0 2.50 1.76 

11 3 55 55 1.5 2.58 1.94 
7 4 50 80 2.0 2.25 2.62 
5 5 50 30 2.0 2.40 1.83 
2 6 60 30 1.0 2.60 1.82 
9 7 55 55 1.5 2.41 1.91 

10 8 55 55 1.5 2.60 2.20 
3 9 50 80 1.0 2.82 2.55 
8 10 60 80 2.0 2.97 2.30 

12 11 55 55 1.5 2.58 2.03 
6 12 60 30 2.0 2.45 1.35 
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Surface roughness visualization and measurement:
Scanning electron microscopy (JSM-6390, JEOL, Tokyo, Japan)
was employed for the visualization of surface morphology of
the coated tablets. The tablets were mounted on metal stab for
gold coating under applied vacuum. The photomicrographs
were taken at different magnifications employing electron
imaging at an accelerated voltage of 10 kV [9].

Surface roughness value is the measure of surface roughness.
Surface roughness value is calculated as a measure of rough-
ness average of a surfaces measured microscopic peaks and
valleys. Profilometer (Surface roughness tester, SJ-301 Mitutoyo,
Japan) was used to measure the surface roughness [10] by
contact method which involves dragging a measurement stylus
across tablet surface.The stylus ran perpendicular to the surface.
The probe was driven in straight line on a tablet.

Loss on drying measurement: Loss on drying was deter-
mined by gravimetric measurement using a Halogen Moisture
Analyzer (Metler Toledo moisture analyzer, HB43-S, Metler
Toledo, Switzerland).The Halogen Moisture Analyzer works
using thermo gravimetric principle. The infrared radiator
(halogen lamp) heated and dried the weighed sample. The loss
in weight was continuously recorded. The difference in initial
and final weight was calculated as loss on drying.

Environmental equivalency factor measurement using
TAAC: TAAC is referred to thermodynamic analysis of
aqueous coating (Thomas Engineering INC, USA). The
underlying principle of TAAC model is that the processes
which result in the same drying rate will also produce the same
film coating quality. Thus, any film coating parameter (tempe-
rature, humidity, flow rate and spray rate) which gives similar
environmental equivalency factors (EE value) will also result in
equivalent coating of tablet. The software furnished ‘environ-
mental equivalency (EE) factor’ as a data output. Environ-
mental equivalency (EE) factor is a dimensionless number
which is proportional to the ratio of the dry area of the coating
tablet bed to the wetted area. As such it is indicative of the
drying rate of the film being applied. Following equations were
employed to calculate the environmental equivalency value.

Rate of convective heat transfer is equal to the mass rate
of water evaporation from the film coating time, the change in
enthalpy of the water.

h h b fgA h (T T )mh∞= − (1)

where, Ah = Heat transfer surface area; hh = Average heat
transfer coefficient; T∞ = Free stream air temperature (inlet air
temperature); Tb = Bed temperature (approximated as being
the same as the exhaust air temperature); m = Mass rate of
water evaporation; hfg= Change in enthalpy of evaporation.

Rate of mass transfer is proportional to partial pressure
differential.

hm Am (Mpw/RTw – Mp∞/RT∞) = m (2)

where, hm = Average mass transfer coefficient; Am = Mass
transfer surface area; pw = partial pressure of water vapour at
mass transfer conditions (thermodynamic wet bulb temperature
of the inlet air); R = Ideal gas constant; Tw = mass transfer
surface temperature (wet bulb temperature of inlet air); p∞ =
Saturation.

By combining eqns. 1 and 2 and solve for the ratio of the
area in heat transfer to the area in mass transfer (wetted area
of tablet bed) we get:

w w m fgh

m h b

(Mp / RT Mp / RT )h hA

A h (T T )
∞ ∞

∞

−
=

− (3)

Lewis relationship for thermal and mass transfer coeffi-
cients is as follows.

hh/hm = ρ Cp (4)

where, ρ = Air density evaluated at the average of the inlet
and exhaust air conditions (bulk density); Cp = specific heat
capacity of air.

By substituting ρ Cp for hh/hm in equation 3 we get

w w fgh

m p b

(Mp / RT Mp / RT )hA

A C (T T )
∞ ∞

∞

−
=

ρ − (5)

This equation represents a relative measure of the rate at
which water evaporates from the surface of tablet bed.

RESULTS AND DISCUSSION

Surface roughness: The SEM micrograph (80x and 500x)
(Fig. 2) of the coated tablets revealed relatively smooth surface
which suggest a uniform and optimal coating.

Surface roughness is an important measure of tablet quality
and depends on process variables (Table-2). It was evident
from the table that surface roughness varied from 2.25 to 2.97
in the results obtained from the 12 experiments and shown
good correlation coefficient (R2 = 0.6158). The Model P-value

Fig. 2. Scanning electron micrographs of coated tablets (a) 80x and (b) 500x
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of 0.0446 implied that the model is significant. P-value less than
0.05 indicated that the model terms are significant. Generally
values greater than 0.05 indicate the model terms are not
significant. The ‘Lack of Fit F-value’ of 4.45 implied there is
a 12.46 % chance, this could occur due to noise. In this case B
is significant model terms (Tables 3 and 4). The table value
demonstrates the profound effect of spray rate.

TABLE-4 
STATISTICAL ANALYSIS OF THE DATA  

FOR SURFACE ROUGHNESS 

Std. dev. 0.16 R-Squared 0.6158 
Mean 2.59 Adj R-Squared 0.4717 

C.V. (%) 6.09 Pred R-Squared -0.1695 
Press 0.61 Adeq Precision 7.547 

 
Final regression equationin terms of coded factors:

Surface roughness value =
2.51 + 0.12* A + 0.15* B - 0.096* C

Final equation in terms of actual factors:

Surface roughness value = 1.26725 + 0.024250* Inlet air
Temp + 5.05000 E-003* Spray Rate - 0.19250*

Atomization air pressure.

It was found that with increase in inlet temperature (A) and
atomization air pressure (C) roughness of tablets and coating
was increased, whereas the spray rate of coating solution (B)
decreased the roughness. It was further illustrated with a 3D
graph that surface roughness value increases with inlet tempe-
rature (A) at all levels of spray rate of coating solution (B).
Similarly surface roughness value slightly increases with
atomization air pressure (C) at levels of the spray rate of coating
solution (B) (Figs. 3 and 4).

An overlay plot {inlet air temperature (°C) and spray rate
(g/min)} at C = 1.80 from Fig. 5 it was observed that at
atomization air pressure 1.8 kg/cm2 we can vary the inlet air
temperature in between 50-60.0 °C as well as spray rate 36-
62 g/min to get Ra value < 6.00. From the Above discussion it
was found that slight variation in spray rate has major impact
on the surface roughness. Spray rate was found to be a major
critical process variable.

Idetifying the critical process parameters affecting the
tablet coating performance can provide a considerable under-
standing of process and critical quality attributes, simulta-
neously it reduces the experimental effort offering advantages
of trouble shooting and redesign. In the preliminary study three
process parameters (spray rate, atomization air pressure, inlet
air temperature) of major imprtance with respect to coated
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Fig. 3. 3D Graph of response (surface roughness value) surface for factor
A and B
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Fig. 4. 3D Graph of response (surface roughness value) surface for factor
B and C

tablet quality were evaluated. To predict the effect of these
three independent variables on tablet quality this experiment
was carried out by preparing a 23 full factorial design.

TABLE-3 
ANOVA TABLE FOR RESPONSE VARIABLE SURFACE ROUGHNESS 

Source Sum of squares Df Mean square F-value P-Value (prob >F) 
Model  0.320 3 0.110 4.27 0.0446 
(A) Inlet air temperature 0.120 1 0.120 4.72 0.0615 
(B) Spray rate 0.130 1 0.130 5.12 0.0535 
(C) Atomization air pressure 0.074 1 0.074 2.98 0.1227 
Residual 0.200 8 0.025 – – 
Lack of fit  0.180 5 0.035 4.45 0.1246 
Pure error 0.024 3 7.892 × 10–3 – – 
Cor total 0.520 11 – – – 
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As per the new process development approach referred
to as quality by design (QbD) there should be the establishment
of functional relationships between critical process parameters
(CPP) [10], for critical quality attributes (CQAs). The quality of
film coated tablet mainly depends upon the surface morpho-
logy which is responsible for the surface finish giving aesthetic
smooth look to the tablet. Secondly, the moisture content of
the tablet which determines uniformity and smoothness of the
film over the surface of core tablet. An ideal film coating shall
not alter the moisture content of the core tablet during or after
coating process, In other words, core tablet shall not gain or
lose any moisture during coating. Thus surface finish and
moisture content of the tablet can be the best measurable
responses to judge the quality of coating [11].

Loss on drying: The core tablets were checked with
moisture balance prior to coating it was found to be 1.9 to 2.4.
The total loss in weight was interpreted as the moisture content
[12]. Percentage Loss on drying is a measure of moisture
content of a tablet. It is important for tablet stability as well as
appearance. Loss on drying (%) is a process driven property
which expresses over wetting or over drying of a core tablet. It
was varied from 1.35 to 2.62 % in the 12 experiments conducted
as per the full factorial design and shown good correlation
coefficient (R2 = 0.8946). The model P-value of 0.0003 implied
the model is significant. P-value less than 0.05 indicated model

terms were significant. In this case B is significant model terms.
It is found that Spray Rate (main effects) having more effects.
The ‘Lack of Fit F-value’ of 1.26 implied the Lack of Fit was not
significant relative to the pure error (Tables 5 and 6). This model
assumed all interaction effects to be negligible.

TABLE-6 
STATISTICAL ANALYSIS OF THE DATA  

FOR LOSS ON DRYING (LOD, %) 

Std. dev. 0.14 R-Squared 0.8946 
Mean 2.06 Adj R-Squared 0.8551 

C.V. (%) 6.83 Pred R-Squared 0.7260 
Press 0.41 Adeq Precision 13.696 

 
Final regression equationin terms of coded factors:

Loss on drying = +1.83 - 0.11* A + 0.47* B - 0.056* C

Final regression equationin terms of actual factors

% Loss on drying  = + 2.56508 - 0.021750* Inlet Air Temp +
0.015650* Spray Rate - 0.11250* Atomization air pressure.

From the linear equation it can be observed that loss on
drying decreases as inlet air temperature (A) and atomization
air pressure increases (C). But loss on drying increases as factor
B, spray rate increases steeply. It was further elucidated that 3
D graph that loss on drying value decreases slightly with in let
air temperature at the all levels of spray rate of coating solution.
Similarly loss on drying value slightly decreases with atomization
air pressure (C) at all levels of the spray rate of coating solution
(B) (Figs. 6 and 7).

Further optimization using environmental equivalency
factor: The model utilizes thermodynamic heat and mass
transfer equations to accurately characterize the environmental
conditions inside a coating pan during a steady state film
coating process. The purpose of TAAC is twofold. Firstly, it
allows the user to investigate the interrelationships between
process variables. Secondly, TAAC provides the user with a
measure of film drying rate which, once calculated for a given
set of conditions, can be used to reproduce a desired quality
under an entirely different set of conditions. It is the second
feature of TAAC which is generally of greater interest to the
user since it makes parameter variation studies and optimization
possible [13].

Based on the critical process parameters (CPPs) and desired
ranges suggested by design of experiment factorial design;
further optimization of coating process was carried out by using
theory of environmental equivalency (EE) Factor. Five different
experiments shown in Table-7 were carried out based on the
ranges and parameters suggested by design of experiment and

TABLE-5 
ANOVA TABLE FOR RESPONSE-2 VARAIBLE % LOSS ON DRYING (LOD) 

Source Sum of squares Df Mean square F-value P-Value (prob >F) 
Model  1.340 3 0.450 22.64 0.0003 
(A) Inlet air temperature 0.095 1 0.095   4.78 0.0603 
(B) Spray rate 1.220 1 1.220 61.87 < 0.0001 
(C) Atomization air pressure 0.025 1 0.025   1.28 0.2909 
Residual 0.160 8 0.020 – – 
Lack of fit  0.110 5 0.021   1.26 0.4515 
Pure error 0.051 3 0.017 – – 
Cor total 1.500 11 – – – 
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Fig. 6. 3D graph of response (loss on drying) surface for factor A and B
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Fig. 7. 3D graph of response (loss on drying) surface for factor B and C

Tables were evaluated for critical quality attributes (CQAs).
In addition to earlier two critical quality attributes (CQAs),
even environmental equivalency factor was evaluated for
optimization. As per recommandations, surface roughness
value between 2 to 5 are usually considered good for the aquous
film coating process.

Conclusion

To meet the regulatory demands, it is of very high rele-
vance for many organizations to have a clear concept of what
are the parameters need to be triggered. This research work

has proposed a censored experimental design and optimization
model in the context of robust design to define the baseline
parameters that yields compatibility and reproducibility through-
out all circumstances. From the above discussion it was found
that slight variation in spray rate has major impact on the % loss
on drying as well as surface roughness value. Spray rate was
found to be major critical process variables because with the
increase in spray rate surface roughness value decreases and
% loss on drying value increases. Environmental equivalency
factor was successfully implemented to optimize parameters
and ideal coating actvity was found at the range of 54-60 °C
inlet air temp., 44-62 g/min spray rate and 1.8 g/cm2 atomi-
zation air pressure. This study has shown the valuable futuristic
aspects of using statistical design experiment to optimize aqueous
film coating. It was possible to use design of experiment in future
process optimization. Since optimization study considered
various quality aspects of coated tablets, results are preferably
more accurate at predicting in commercial scale of aqueous
film coating.
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TABLE-7 
CRITICAL QUALITY ATTRIBUTES (CQAs) AS PER CRITICAL PROCESS PARAMETERS (CPPs) 

Critical process parameters Critical quality attributes 
Run Inlet air 

temperature (A) 
Spray  

rate (B) 
Atomization air 

pressure (C) 
Surface roughness 

value 
Loss on  

drying (%) 
Environmental 

equivalency value 
1 54 28 1.8 2.81 1.35 8.141 
2 55 44 1.8 2.11 1.91 5.015 
3 57 50 1.8 2.34 1.76 4.565 
4 59 61 1.8 1.97 2.03 3.883 
5 59 66 1.8 2.7 2.78 3.585 
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