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Abstract

The surface energies of film coating formulations based on hydroxypropyl methylcellulose and containing
microcrystalline cellulose, lactose and Tween 20, respectively, have been assessed. The approach taken allowed the
components of the surface energy, in terms of the Lifshitz—van der Waals and the acid-base contributions, to be
determined. Spreading coefficients of these coating formulations were determined on a model tablet surface whose
surface energy had been similarly characterised. The determined spreading coefficients were high and positive
indicating that spreading and wetting would not be a controlling factor in the formation of an adequate film coat. The
adhesion of the coats to the core was measured and showed that the inclusion of additives influenced the adhesion
of the film. Maximum adhesion was obtained when microcrystalline cellulose was included in the coating formulation
that presumably allowed a strong interaction with the same component in the tablet core. Adhesion was enhanced
when the tablet cores were made at a higher compaction force. Atomising air pressure had little influence on the
adhesion. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction properties of the coating formulation, as well as
those of the tablet (Rowe, 1977). The prerequisite

Irrespective of the purpose for which a film coat for good adhesion is the spreading of the
is applied to a tablet core, one of the requirements atom1§eq droplets over the surface O_f the tab.let,
for success is good adhesion of the coat to the and limited penetration of the coating solution

tablet. This adhesion can be influenced by the into the pores of the tablet (Aulton, 1995). Both
of these are controlled by the surface energetics of
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be explained by analysing the surface energy in
terms of the apolar and acid—base components
of the total energy. The theory underlying this
approach has been adequately explained in the
literature (van Oss et al., 1988a,b). Spreading
coefficients, determined in this manner, have
proved useful in explaining such diverse interac-
tions as adhesion to container walls (Buckton
and Chandraia, 1993) and mucoadhesion (Rillosi
and Buckton, 1995), and have been applied to
the surface energies of ethylcellulose films (Oh
and Luner, 1999).

Spreading coefficients determined in this way
are essentially representative of the interactions
between the components of the surface energies.
Positive values indicate spontaneous spreading
with higher values favouring the process. Coat-
ing formulations consist of a polymer and addi-
tives including pigments, such as titanium
dioxide, plasticisers, such as polyethylene glycol,
or materials such as lactose, microcrystalline cel-
lulose or surfactants. The influence of these ma-
terials on the adhesion of the film to the tablet
is variable, depending inter alia on material type
and particle size (Felton and McGinity, 1997,
1999). The influence of different additives on the
surface energetics of the coating formulations
has not been examined.

The purpose of the work, reported in this pa-
per, is to determine the spreading coefficients,
using the acid—base approach, of hydroxypropyl
methylcellulose solutions containing additives,
on a model tablet surface. These values will
then be related to the adhesion of the film to
the tablet. Additionally, surface roughness and
droplet size values are taken into account.

2. Materials and methods
2.1. Materials

The materials used in the preparation of the
tablet cores were microcrystalline cellulose
(Avicel PH 102, FMC, USA), lactose (Tablet-
tose 80, Meggle, Germany), magnesium stearate
(BDH, UK) and colloidal silicon dioxide
(Aerosil 200, Degussa, Germany). The coating

formulations consisted of hydroxypropyl methyl-
cellulose (Pharmacoat 606, Shin-Etsu Chemical
Co. Japan), polyethylene glycol 400 (BDH,
UK), microcrystalline cellulose (PH 105, FMC,
USA), lactose (Tablettose 80, Meggle, Germany)
and Tween 20 (Sigma, UK). The formulations
were prepared in glass distilled water. To deter-
mine the surface energy components of the ma-
terials, the liquids used were di-iodomethane
(Sigma, UK), glycerol (BDH, UK) and glass
distilled water. The solids were polyte-
trafluoroethylene and polyvinyl chloride (both
RS Components, UK).

2.2. Tablet preparation

Tablets consisting of 75.2% microcrystalline
cellulose (MCC), 24.2% lactose, 0.4% magne-
sium stearate and 0.2% colloidal silicon dioxide
(all w/w) were manufactured using a rotary
tablet machine (Unipress Diamond, Manesty,
UK) equipped with flat, bevelled-edge punches,
10mm in diameter. Two batches of tablets with
average breaking loads of 127 N and 191 N
were produced. Each tablet so produced had an
average weight of 360 mg.

2.3. Film coating of tablets

Four coating formulations consisting of a) 9%
hydroxypropyl methylcellulose (HPMC), 1%
PEG 400; b) 9% HPMC, 1% PEG 400, 2%
MCC; ¢) 9% HPMC, 1% PEG 400, 2% lactose;
d) 9% HPMC, 1% PEG 400, 0.5% Tween 20
have been used for coating studies. Two kilo-
gram batches of both sets of tablets were coated
in a perforated drum coater (AccelaCota 10,
Manesty, UK), modified using a base plate to
reduce working capacity, and fitted with a
Manesty spray gun. The drum speed was kept
at a constant 15 rpm, the spray rate was 14
g/min, the gun distance was 20 cm, and the fan
air pressure was set at 0.4 bar. Two atomising
air pressures were used (0.5 and 2.0 bar) to coat
two batches for both sets of tablets. For each
coating run, samples were coated to a theoreti-
cal weight gain of 4%.
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2.4. Viscosity determination

The viscosities of the four coating formulations
were measured at 20 °C using a Brookfield LV-8
viscometer (Brookfield, USA).

2.5. Droplet size determination

Droplet sizes for each of the coating formula-
tions were measured at room temperature using a
Malvern Spraytec Droplet Size Analyser (Malvern,
UK). For each of the coating formulations, droplet
sizes were measured for two atomising air pressures
of 0.5 bar and 2.0 bar, at a constant spray rate of
14 g/min, gun distance of 20 cm, and fan air
pressure 0.4 bar. Measurements were taken in
triplicate.

2.6. Adhesion testing

The adhesion of the films to the tablet cores was
tested using a specially designed tablet tester (Force
Measurement Systems, Glasgow, UK). The instru-
ment principally consists of a 125 N load cell
capable of measuring the force required to remove
the film coat perpendicular to the tablet surface.
For each set of tablets, ten tablets were selected
within 0.5% of the respective theoretical weight
gain to minimise variation in film thickness. The
film coating at the bevelled edge of the tablet under
test was carefully removed using a sharp scalpel,
taking care not to disturb the remaining film coat.
The tablet was mounted horizontally into the lower
stationary tablet holder. Double-sided adhesive
tape (RS Components, UK) was affixed to the
upper moving arm and lowered to the surface of the
tablet at a constant speed. The upper moving arm
was then raised at a constant speed of 10 mm/min.
The force required and the deflection profile gener-
ated was recorded. A personal computer recorded
the development of the force (N) and the displace-
ment (mm) at the tablet—film interface during the
pull test.

2.7. Surface roughness

Measurements of surface roughness were made
using a PneumoSurtronic 3 (Taylor Hobson, UK).

A cut of length of 0.80 mm (Lc) and an assessment
length of 4.0 mm (Ln) were used. Measurements
were taken across the diameter of ten tablets for
each of the tablet batches.

2.8. Surface tension of the coating formulations

Surface tension values have been determined by
the Wilhelmy plate method using a platinum plate
suspended from a microbalance (Cahn Electrobal-
ance, USA). The mean surface tension for each
formulation was calculated from an average of
three readings taken from each of three separately
prepared formulations.

2.9. Contact angles and spreading coefficients

For the determination of the spreading coeffi-
cients, the test liquids used were distilled water,
di-iodomethane and glycerol, the di-iodomethane
being the apolar liquid.

Contact angles were measured using a sessile
drop technique. The drops were viewed through a
microscope fitted with a protractor eyepiece, the
microscope and tablet holder being mounted on an
optical bench. Mean contact angles were calculated
from ten measurements taken within 10 s, using 20
pl of the liquid under test, dropped from a height
of 5 mm. Calculation of the spreading coefficients
was performed according to Good et al. (1991).

3. Results

The surface energies of the coating formulations
are shown in Table 1. The approach used in
determining the surface energies allows subdivision
of the total energy into y=W, the contribution from
Lifshitz—van der Waals component and 8, the
acid—base component. The latter is further subdi-
vided into the Lewis acid (electron acceptor)
parameter, y*, and the Lewis base (electron donat-
ing) parameter, y . For all the coating formula-
tions, the y“® component makes only a small
contribution to the total surface energies. The
surface energies of the tablets are shown in Table



116

2. The y”B component is relatively small though
higher than that for the liquids. There is a change
in the surface energy values as the compaction force
used to make the tablets increases.

The contact angles exhibited by the coating
formulations on the tablets are shown in Table 3,
which also shows the spreading coefficients calcu-
lated using the approach of Good et al. (1991).

The inclusion of additives changes the contact
angle of the coating formulation to a limited extent.
The spreading coefficients are all high and positive,
indicating effective spreading of the coating formu-
lations on the surfaces of the tablets.

The adhesion of the film coats to the tablets,
expressed as the maximum force required to re-
move the films, is shown in Table 4. The low

Table 1
Surface energy components (mJ/m?) of the coating formulations
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variability between replicate measurements implies
that the defects were not introduced during the
removal of the film from the bevelled edge of the
tablets. For HPMC, alone and with the inclusion
of lactose and Tween, atomising air pressure has no
significant effect on the adhesion of the film.
Atomising air pressure does have a significant effect
on the adhesion when MCC is included as an
additive, and in all cases, compaction pressure
significantly influences the measured adhesion. The
physical properties of the coating solutions in terms
of the viscosity and droplet size on spraying are
given in Tables 5 and 6. The surface roughness
values of the tablets are 2.7 pm ( & 0.10, » = 10) for
those prepared at 127 N force and 1.74 pum( +
0.004, n=10) for those prepared at 191 N.

Coating formulation yToT ytW pAB y~ y*
HPMC 45.6 443 1.3 0.05 7.91
MCC 45.6 452 0.3 3.8E-3 7.20
Lactose 45.6 44.7 0.9 0.03 6.96
Tween 41.6 41.0 0.6 0.01 6.48
Table 2

Surface energy components of the tablets

Tablet breaking load (N) yTOT yLW yAB Y~ yt
127 54.7 47.7 7.0 51.1 0.2
191 51.8 45.9 6.0 S51.7 0.2
Table 3

Contact angles (degrees) and spreading coefficients (mJ/m?) for the coating formulations on the tablets

Coating formulation 127 N 191N

Contact angle SC Contact angle SC
HPMC 43+0.48 41.2 46 +0.47 39.6
MCC 54 4+0.34 40.2 54 +0.32 38.6
Lactose 50 +0.37 39.0 51+0.52 37.4
Tween 53+0.93 41.8 52 +0.47 40.2

SC = Spreading coefficient; contact angle = mean (n =10, + SD).
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Table 4
Maximum adhesive strength of the film coats applied under
different conditions

Tablet and coating Adhesion Std. error of mean

conditions (kN/m?)

HPMC 127N 0.5 4.09 +0.63
AAP

HPMC 127N 2.0 8.65 +2.04
AAP

HPMC 191N 0.5 115.53 +13.36
AAP

HPMC 191N 2.0 110.50 +12.42
AAP

LACTOSE 127N 0.5  12.10 +2.83
AAP

LACTOSE 127N 2.0  15.09 +2.20
AAP

LACTOSE 191N 0.5  69.48 +11.32
AAP

LACTOSE 191N 2.0  61.46 +12.10
AAP

MCC 127N 0.5 AAP  18.86 +4.87

MCC 127N 2.0 AAP  65.23 +13.83

MCC 191N 0.5 AAP 211.89 +25.62

MCC 191N 2.0 AAP 163.32 +26.25

TWEEN 127N 0.5 5.03 +1.10
AAP

TWEEN 127N 2.0 12.58 +0.94
AAP

TWEEN 191N 0.5 99.82 +17.29
AAP

TWEEN 191N 2.0 98.87 +9.12
AAP

AAP = atomising air pressure; WG = weight gain on coating.

Table 5
Viscosities of the coating formulations

Coating formulation Viscosity (mPass)

HPMC 191
MCC 227
Lactose 217
Tween 197

4. Discussion

The determination of the surface energetics of
powdered systems is complex. Each method has
its drawbacks, particularly the sessile drop
method on a compacted powder as used in the
current study. Despite this, it is the appropriate

method for this study, as determinations are made
on the compact that is then subjected to the
coating procedure. The change in surface energy
with compaction pressure (Table 2) has been
noted previously (Buckton and Newton, 1986)
and may be related to a change in the surface
characteristics of the material caused by the com-
paction pressure. Again, it is this surface that will
interact with the coating fluid.

The surface energies of the coating formula-
tions are determined from contact angle measure-
ments against solid polyvinyl chloride where
measurement using the sessile drop technique is
not so contentious. The results (Table 1) show
that the total surface energy of the coating formu-
lations is essentially accounted for by the y™W
component. The liquid surfaces are exhibiting
monopolar behaviour due to saturation by
HPMC and the inclusion of additives makes little
difference to this. The tablet surfaces, on the other
hand, exhibit a small contribution from the y*®
component, displaying bipolar behaviour due to
contributions from the microcrystalline cellulose
and lactose.

The adhesion of the coat to the tablet will
depend on a complex set of interacting factors
related to the coating formulation, the tablet core
and processing conditions. A primary requirement
is that the coating formulation spreads completely
over the surface of the tablet and adhesion will be
enhanced if some penetration into the pores of the
tablet takes place. Processing conditions aside,
these effects will be controlled by the interaction

Table 6
Sauter mean diameters of sprays using different coating for-
mulations and atomising air pressures

Coating formulation AAP D(3,2)* um
HPMC 0.5 39.9
HPMC 2.0 15.8
Lactose 0.5 38.6
Lactose 2.0 14.6
MCC 0.5 30.4
MCC 2.0 12.9
Tween 0.5 34.9
Tween 2.0 13.9

2D(3,2) = Sauter mean diameter.
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of the fluid with the tablet core, and the high,
positive spreading coefficients determined for the
current tablets and coating formulations indicate
that complete wetting of the tablet cores will take
place. The inclusion of additives to the coating
formulations does not significantly change the
spreading coefficients and thus, changes in adhe-
sion are not due to alterations in wetting effects.
The similarities in the viscosities of the fluids
(Table 5) implies that this is not a controlling
factor in spreading, although the evaporation of
droplets during their passage from the spray noz-
zle to the tablet bed will inevitably change the
liquid viscosity.

The inclusion of additives does, however, influ-
ence adhesion (Table 4), with the type of additive,
atomising air pressure and compaction pressure
all showing significant effects. The magnitude of
the adhesion values are in keeping with those of
other workers (Jordan et al., 2000; Lehtola et al.,
1995). An increase in adhesion with an increase in
compaction pressure has been demonstrated pre-
viously (Lehtola et al., 1995; Brown and Davies,
2000). One explanation is that although the sur-
face area of the tablets compacted at lower com-
paction pressures will be higher, as witnessed by
the surface roughness values obtained in this
study, the effective surface area of contact is lower
due to lack of penetration of the coating fluid into
the ‘valleys’ on the surface of the tablet. This is
unlikely in the current study, as the spreading
coefficients indicate a high degree of interaction
between the coating fluid and the tablet. A further
possibility is that failure in the adhesion test
occurs partially at the interparticulate contact ar-
eas of the powder particles in the tablet, rather
than at the film—tablet interface, leading to a
lower than expected value. A rough interface be-
tween the film and the tablet may also act as a
focus for stress concentration, leading to failure at
lower than expected values. It is noteworthy that
the maximum adhesion is exhibited by the coating
formulation containing MCC. The major compo-
nent of the tablet core is MCC so there will be a
high interaction between the coat and the core.
Additionally, cellulose is bipolar (Oh and Luner,
1999) and will interact with the other main com-
ponent of the tablet core, lactose. This higher

adhesion exhibited with the inclusion of MCC will
not necessarily be observed if the formulation of
the tablet core is different to the one studied.

Changes in atomising air pressure will lead to
changes in droplet size (Table 6) and this may
influence surface coverage of the spray and rates
of drying. Increasing atomising air pressure will
also increase droplet velocity (Macleod, unpub-
lished results) and this will increase momentum
and assist in spreading and penetration on impact.
Only in the case of the addition of MCC does
atomising air pressure have an influence on adhe-
sion, and then the results are not consistent with
changing compaction pressure. For the other
coating fluids, atomising air pressure does not
significantly affect the measured adhesion, and
this is in keeping with a liquid that spreads easily
on the tablet core.

This study has shown that the inclusion of
additives in a basic film coating formulation can
markedly influence the adhesion of the film to the
tablet core. By examining the surface energetics of
both the liquid and solid components of the pro-
cess, it can be concluded that, in the system under
study, the interaction between the two, as
quantified by the spreading coefficients, is suffi-
cient such that wetting effects are not responsible
for the observed changes in adhesion. When the
film coating liquid dries, the additives are, in
essence, concentrated, and interactions between
them and the tablet will become more important.
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