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The aim of this study was to apply the knowledge of surface free energy for the flowability prediction of
pharmaceutical excipients. In order to predict the flowability, the spreading coefficient was calculated from
the surface free energy of each material using Wu's equation. The resulting spreading coefficient could
indicate which material would spread over another in a binary mixture. In this study, the binary mixture
consisted of filler (lactose, or dibasic calcium phosphate) and a lubricant (magnesium stearate), talc or silicon
dioxide. The flowability of each binary mixture was assessed using angle of repose and compressibility index
data. Finally, the resulting spreading behaviour was compared with flowability parameters. The calculated
spreading coefficient values revealed that magnesium stearate, talc and silicon dioxide would spread over
the surface of lactose and dibasic calcium phosphate. The evaluated flowability from the two methods found
that all of the lubricants could improve the flowability of the binary mixtures. Moreover, these results were
in accordance with predictions. In conclusion, the spreading coefficient could be a suitable tool for predicting

the flowability of powder mixtures.
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In the design of pharmaceutical formulations,
an understanding of the surface free energy of
pharmaceutical solids is essential!'~*. This knowledge
can support the selection of the excipient used in
the formulation when interfacial interactions and
compatibility of the formulation components have
been established™. Previous studies have reported
applications of surface free energy and spreading
coefficient in the selection of suitable excipients for
drug formulation®, the formation of pellets from
1 to 2 component powder compositions™ and an
investigation of the mucoadhesion of polycarbophil
and pig intestinal mucosal®l.

Surface free energy () is an essential physicochemical
property of a solid. The technique for calculating the
surface free energy from wettability measurements is
extensively used”. Wu and Brzozowski'”! described
the surface free energy obtained as the sum of the
dispersive and the polar (p) components. The surface
free energies of solid materials can be determined using
a technique of contact angle measurements, using two
liquids with known polarities. They can be calculated
according to Eqn. 1.
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Where, v ¢ is the surface free energy of the dispersive

component of the solids, y,is the surface tension of the
dispersive component of the liquids, y " is the surface
free energy of the polar component of the solids, v
is the surface tension of the polar component of the
liquids and 0 is the contact angle. After obtaining the
surface free energies values, the spreading coefficient
can be calculated and the interaction between the two
substances may be predicted. Spreading coefficient is
defined as the difference between the adhesion work
and the cohesion work. The spreading coefficient (S12)
of a substance (1) over the surface of another substance
(2) can be established according to Eqn. 281,
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Where, S is the spreading coefficient of the liquid over
the substrate, vy is the surface free energy, y? is the polar

component and y¢ is the dispersive component.

Ahfat et al'® reported the successful use of surface
energy data to predict the adhesion of a binary system
onto a third component. The results revealed that
there is good correlation between theoretical data
and visual observations; spreading coefficients for
solid-solid interactions provide good predictions of
macroscopic events such as powder mixing. To the
best of our knowledge, the use of surface energy data
to predict the flowability of drug formulations has
not been previously reported. In the present study,
the information from the surface free energy and the
spreading coefficient was used for the prediction of
the flowability of filler-lubricant mixtures. Spreading
coefficients (S12 and S21) were calculated from
the surface free energy of each material using Wu’s
equation. The resulting spreading coefficient could
indicate which material would spread over the other in
the binary mixture and the results were compared with
the flowability values obtained from angle of repose
and compressibility index from the experiment.

MATERIALS AND METHODS

The model substances used as received were
magnesium stearate (MGST; Glaxo welcome, UK),
Tale (HCP, China), colloidal silicon dioxide (SiO,;
Evonik industries, Germany), dibasic calcium
phosphate (DCP; Budenheim, Germany) and lactose
(Carter Holt Harvey, New Zealand), talc or talcum
(Talc power-magnesium oxide mining, China). The
rest of the chemicals used were of analytical grade.

Contact angle measurement on flat surface of the
powders:

Contact angle measurement was performed using the
Wilhelmy plate method which was partially modified
from the system used by Afhat et all'? Briefly, the
powders were stuck to a glass cover slip (26x22 mm)
using double-sided adhesive tape. Non-adhering
powder was removed by brushing. The contact angles
of two different liquids (water and formamide) on
the surface of the powders were determined using a
drop shape analyser after placing a small drop of each
liquid (10 pl) on the surface of each powder using a
micropipette. All contact angle measurements were
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carried out at room temperature. The average of 5
measurements was used for further calculations. The
surface free energy and spreading coefficient were
calculated according to Eqns. 1 and 2, respectively,
using FTA32 software.

Preparation of filler-lubricant or
mixtures:

filler-glidant

Powder mixing was performed using a cube mixer
(Model PA1540, Yeo Heng factory). The fillers and
lubricants or glidants were mixed in various ratios.
The compositions of the prepared mixtures are shown
in Table 1. The amount of mixture was 120 g and the
mixing process was performed for 10 min.

Angle of repose:

The angle of repose measurements of each filler powder,
lubricant powder, glidant powder and the binary
mixtures were carried out using a fixed funnel method.
Briefly, the material was poured through a funnel to
form a cone. The tip of the funnel was held close to the
growing cone and slowly raised as the pile grew. The
height and width of the cone were measured. The angle

TABLE 1: FILLER TO LUBRICANT RATIOS
Substance Filler to lubricant ratio
Lactose:MGST 99.75:0.25
98.17:1.83
96.59:3.41
95.00:5.00
99.00:1.00
96.00:4.00
93.00:7.00
90.00:10.00
99.90:0.10
99.60:0.40
99.30:0.70
99.00:1.00
99.75:0.25
98.17:1.83
96.59:3.41
95.00:5.00
99.00:1.00
96.00:4.00
93.00:7.00
90.00:10.00
99.90:0.10
99.60:0.40
99.30:0.70
99.00:1.00

Lactose:Talc

Lactose:SiO,

DCP:MGST

DCP:Talc

DCP:Si0,
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of repose was calculated as the inverse tangent of the
ratio between the height and half the width of the base
of the cone.

Carr’s compressibility index:

The flowability of each filler powder, lubricant
powder, glidant powder and the binary mixtures were
investigated using Carr’s compressibility index. The
Carr’s compressibility index was calculated from the
bulk and tapped densities. The bulk density of each
powder was measured by placing the powder (100 mg
for talc, DCP and lactose, 14.89 g for SiO, and 70 g
for MGST) into a 250 ml cylinder without compaction.
The apparent volume of the powder was recorded, and
then the bulk density (g/ml) was calculated by dividing
the mass by the apparent volume. The tapped densities
were determined using the same procedure as the bulk
densities, but the apparent volume was recorded after
tapping the samples using a tapping machine. The
Carr’s compressibility index was calculated according
Eqgn. 3, compressibility index=(tapped density-bulk
density)/tapped density)>100.

RESULTS AND DISCUSSION

Applying knowledge of the surface free energy to
the selection of excipient used in drug formulation
could be very useful. This could save time and cost
of the development of drug formulations. It has been
reported that the mixing properties of binary and
ternary blends can be predicted using surface energy
calculations!'>"], In the experiment, the surface free
energies were calculated according to Wu’s method
using the information obtained from the contact angle
of the two reference liquids on the surface of the

excipient powders. The surface free energy data were
then used to determine the spreading coefficient which
was expected to act as a tool to predict the flowability
of filler-lubricant or filler-glidant mixtures.

The specific surface energy of a solid may possibly
be estimated from contact angle measurements using
liquids which exhibit different and known polar and
dispersive components!'*!3, Therefore, the contact
angles of two liquids (water and formamide) on the
surface of each excipient were determined using a
drop shape analyser and the surface free energies were
computed according to Wu’s method. The measured
contact angle and calculated surface free energy of
each excipient were listed in Table 2. The surface free
energies of the excipients were used to calculate the
spreading coefficients (S12 and S21), and the results
were presented in Table 3. The spreading coefficient
(S12) can be used to account for the ability of an
excipient to spread over another in a binary mixture.
Many research studies have shown evidence of the
strong relationship between the spreading coefficient
of a material and its ability to cover the surface of
another material™'®'"”l, When the spreading coefficient
is positive, the spreadability of an excipient over the
other can be predicted. In fact, positive spreading
coefficient values of lubricants or glidants over model
fillers enable their adherence to the filler surface
and may lead to an increase in the flowability of the
mixture powder™'.. In contrast, when the spreading
coefficient is negative, the excipient cannot spread
over another material®. From Table 3, the spreading
coefficients of lactose over MGST and MGST over
lactose were -100.79 and 10.79, respectively. In this
case, lactose could not spread over MGST; however,

TABLE 2: CONTACT ANGLE AND SURFACE FREE ENERGY

Substances Contact angle of water Contact angle of formamide Y \'A YP
Lactose 35.25+1.49 17.39+3.69 62.68 26.94 35.74
DCP 50.40+2.51 34.26+2.05 53.03 24.15 28.38
MGST 130.88+1.86 127.20+2.66 6.89 1.80 5.09
Talc 96.44+1.78 25.49+1.21 29.87 23.06 6.81
SiO, 60.99+0.54 36.74+3.95 48.53 27.58 20.95

TABLE 3: SPREADING COEFFICIENT OF BINARY MIXTURES

Substance 1 Substance 2

Experimental values as measured

S(1, 2 S@2,1)
Lactose MGST -100.79 10.79
DCP MGST -82.10 10.18
Lactose Talc -52.78 12.84
DCP Talc -36.91 9.41
Lactose Sio, -18.02 10.28
DCP Sio -6.35 2.65

2
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MGST, which acted as a lubricant, could spread over
lactose. Therefore, an increase in flowability could
be predicted from the lactose-MGST mixture as per
the spreading coefficient results. A similar pattern of
results was observed in DCP-MGST, lactose-talc,
DCP-talc, lactose-SiO,, and DCP-SiO, mixtures. These
findings revealed that a rise in flowability may also be
expected from these mixtures.

To determine the correlation between the theoretical
(calculated) data and the experimental data, an
assessment of flowability values through angles
of repose and compressibility indices of the filler-
lubricant mixtures was performed. The angle of repose
and compressibility index of each of the fillers and
lubricants were also measured and the results were
displayed in Table 4. It can be seen from the results that
the information obtained from both the angle of repose
and the compressibility index provided similar results.
Lactose and DCP exhibited quite poor flowability while
talc, SiO, and MGST presented better flowability.

The amount of flowing agent used was also expected to
have an effect on the flowability of the filler-lubricant
mixtures. In the experiment, various amounts of MGST
(0.25, 1.83, 3.41 and 5.00%), talc (1.00, 4.00, 7.00 and
10.00%) or SiO, (0.10, 0.40, 0.70 and 1.00%) were
mixed with the fillers (lactose or DCP). After mixing
lactose or DCP with MGST, the mixture exhibited
better flowability as suggested by the angle of repose
and compressibility index data (Table 5). Usually, the
flowability of the filler-lubricant mixtures increased
after raising the amounts of MGST. Table 6 showed
the angle of repose and compressibility index data of
lactose-talc and DCP-talc mixtures. When lactose or
DCP were mixed with talc, small increases in flowability
of the mixtures were observed. It can be seen from the
results that after increasing the amount of talc, little
improvement in the flowability of the filler-lubricant
mixtures was observed. This may be because the range
of the flowing agents used, which were in normal
ranges for tableting, may not have been high enough to
distinguish the difference in flowability. The flowability

TABLE 4: MEAN ANGLE OF REPOSE AND CARR’S
COMPRESSIBILITY INDEX OF THE DILUENTS

Substance  Angle of repose  Carr’s compressibility
index

Lactose 55.45 47.14

DCP 52.95 48.95

Talc 47.68 50.56

Sio, 49.17 22.92

MGST 37.85 34.91
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TABLE 5: MEAN ANGLE OF REPOSE AND CARR’S
COMPRESSIBILITY INDEX OF LACTOSE OR
DCP AFTER BEING MIXED WITH DIFFERENT
PERCENTAGES OF MGST

MGST (%) Angle of repose  Compressibility
(n=10) index (n=2)

Lactose DCP Lactose DCP

0.25 55.21 55.15 48.70 47.03

1.83 47.36 51.61  40.59 46.79

3.41 46.01 49.80 42.24 48.03

5.00 45.00 47.55 41.18 48.29

TABLE 6: MEAN ANGLE OF REPOSE AND CARR’S
COMPRESSIBILITY INDEX OF LACTOSE OR
DCP AFTER BEING MIXED WITH DIFFERENT
PERCENTAGES OF TALC

Talc (%) Angle of repose Compressibility index
(n=10) (n=2)
Lactose DCP Lactose DCP
1.00 56.5 55.51 44.28 47.67
4.00 55.63 55.02 43.88 46.60
7.00 53.49 55.03 43.93 47.37
10.00 51.66 53.65 43.98 47.37

data of lactose-SiO, and DCP-SiO, were presented
in Table 7. The angle of repose results revealed an
increase in flowability of the mixtures when compared
to those of the unmixed fillers. An increase in the SiO,
amount resulted in an improvement in flowability of
the mixtures. In addition, the compressibility index
data were in accordance with the angle of repose
results except in the case of the DCP-SiO, mixture.
The improvement in flowability of the filler-lubricant
mixtures or filler-glidant mixtures may be because
the lubricants or glidants filled the surface cavities
of the fillers. This selective adhesion to the surface
improved the flowability of the powder by smoothing
the surface of the filler particles-the particles became
more spherical with a smoother surface and lessened
the frictional forces, thus improving flow!?*??. For
lubricants added to a formulation, the most favourable
quantity is usually a balance between the lubrication
needs for tablet flow or ejection and the negative impacts
on the tablet properties. Moreover, it should be noted
that the glidant and lubricant used in the formulation
are hydrophobic in nature. Higher concentrations may
delay the disintegration and dissolution profile. Further
research should be carried out to assess the dissolution
and disintegration properties of the tablets.

The investigation to assess the correlation between
the predictions of flowability calculated from the
surface free energy and the flowability data from the
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TABLE 7: MEAN ANGLE OF REPOSE AND CARR’S
COMPRESSIBILITY INDEX OF LACTOSE OR
DCP AFTER BEING MIXED WITH DIFFERENT
PERCENTAGES OF SIO,

Si0, (%) Angle of repose Compressibility
(n=10) index (n=2)

Lactose DCP Lactose DCP

0.10 45.54 50.41 48.66 46.99

0.40 41.30 49.49 46.26 48.04

0.70 41.93 48.82 45.85 47.93

1.00 40.76 48.10 39.56 47.21

experiment revealed that the theoretical data calculated
from the surface free energy correlated well with
the experimental flowability data. Thus, the surface
free energy and spreading coefficient may be used
to predict the flowability of filler-lubricant mixtures.
These results reveal the importance of knowledge of
the surface free energy which can be used as a tool for
selecting the excipients for drug formulation. However,
other factors should also be taken into account.

In this study, we examined the application of surface
free energy and spreading coefficient for the prediction
of the flowability of filler-lubricant mixtures. The use
of surface energy and spreading coefficient data taken
from contact angle measurement of the excipients
has proved to be a useful tool for predicting the
flowability of binary mixtures. A good correlation
between theoretical data and the data obtained from
the flowability tests was obtained, however other
factors such as the properties of excipients should be
considered. In addition, the amount and type of flowing
agents used were observed to have an effect on the
flowability of the mixtures.
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