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IntroductionIntroductionIntroductionIntroductionIntroduction
Film coating of solid oral dosage forms
is a well established process in the
pharmaceutical industry. Although,
the process itself is based on the laws
of thermodynamics, the result is
strongly dependant on the rheolo-
gical characteristics of the film coating
dispersion applied.

Issues such as logo bridging, orange
peel and spray drying are rooted in
the viscous and elastic properties of
the coating formulation. Determin-
ing and appraising the rheological
characteristics is therefore of huge
importance in order to prevent prob-
lems during the film coating process.

Moreover, in the field of instant release
film coating, the process time and,
as a result, the manufacturing costs
are directly linked to the solid matter
content of the dispersion. As visco-
sity is a specific characteristic of the
film forming polymer, rheological
investigation is very useful and im-
portant in order to select the most
economical formulation.

Characteristics of the film coatingCharacteristics of the film coatingCharacteristics of the film coatingCharacteristics of the film coatingCharacteristics of the film coating
dispersiondispersiondispersiondispersiondispersion
In pharmaceutical film coating pro-
cesses, it is important to differenti-

Considering the list of excipients in
the coating formulation, the film
forming polymer is the only material
causing a significant change in vis-
cosity and – as mentioned above –
the flow properties of the coating
dispersion influence the coating
result to a high extent.

In general, it can be assumed that
the lower the viscosity:

· the faster the preparation of the
   film coating dispersion

· the lower the risk of lumps in the
   dispersion

· the less air will be incorporated

· the better the surface quality of
   the coated tablets

· the higher the maximum solid
   matter content of the dispersion

· the shorter the processing time

· the lower the processing costs

Each film coating formulation and
film forming polymer has an indi-
vidual limiting maximum viscosity
value for processability which de-
pends on the type of nozzle and
coater used, as well as on the batch
size. In order to optimize efficiency
and quality, knowledge of the formu-
lation dependant viscosity curves is
absolutely necessary.

Fig. 1: Thermo Scientific HAAKE
RotoVisco 1 rotational rheometer

ate between two categorical appli-
cation principles with different pro-
perties.

One category is the group of poly-
mers which are insoluble in water.
These excipients are mainly found
with functional coatings (e.g. gastric
resistant coatings with Kollicoat®

MAE 30 DP). As the polymer cannot
be dissolved in water, it is emulsified
in the aqueous carrier. Delivered as
a dispersion, these film formers have
to be handled carefully as the system
is quite susceptible to elevated tem-
peratures and/or high shear rates.
Viscosity itself, however, is low and
of minor interest with these systems.

The second category is a group of
water soluble polymers mainly used
for instant release (IR) film coating.
These film formers (e.g. Kollicoat IR
or some cellulose derivatives) are
distributed as a powder. During the
preparation of the film coating for-
mulation, the polymers are dissolved
in water. In spite of the fact that these
polymers can be used for moisture
protective coatings, there is no certain
functionality obtained by these.

However, dissolving the polymers in
water causes a significant change of
the fluid properties of the liquid
carrier. The increase in viscosity, as
well as the change in surface tension,
influences to a high extent the droplet
formation during spraying as well
as the film formation, and therefore,
the surface quality of the coated
cores.

Typical instant release film coating
dispersions used in the pharmaceu-
tical industry consist of different
excipients. At least one or a combi-
nation of different film forming po-
lymers (e.g. HPMC, Kollicoat IR),
pigments (e.g. TiO

2, iron oxide, talc)
and optional plasticizers (e.g. PEG)
is needed to form a colored film on
the surface of the core (Fig. 2).

Fig. 2: Film coating with Kollicoat IR White
coloured with iron oxide yellow (Manesty
Premier 200 coater)
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It has to be considered that the vis-
cosity range which is suitable for
the particular film coating process
is limited. The highest applicable
viscosity (typically between 40 and
100 mPas) is, from the rheological
point of view, still very low. However,
this fact impacts the requirements
for the measuring geometry of the
rheological equipment (see below).

InstrumentationInstrumentationInstrumentationInstrumentationInstrumentation
So-called “ideal viscous“ samples
show Newtonian flow behavior
which means that the viscosity is
independent of the applied shear
rate. Their viscosity can be deter-
mined either using a falling ball visco-
meter, a capillary viscometer or a
spindle viscometer (all of them re-
quiring larger sample quantities) or
using an instrument with concentric
cylinder or plate/cone measuring
geometry, for which only a few  milli-
liters of the sample are required.

Film coating formulations, however,
consist of different excipients and
these dispersions usually show Non-
Newtonian flow behavior. The degree
depends on the individual amount
and type of water insoluble pigments
(e.g. talc or lakes) and the polymer
concentration (Fig. 7). Therefore, a
rotational rheometer with a measur-
ing geometry providing a certain
range of defined shear rates has to
be used for measurement of the
shear rate dependant viscosity curves
and flow curves.

The Thermo Scientific HAAKE
RotoVisco 1 rotational rheometer
(Fig. 1) with liquid temperature con-
trol unit TCL/Z for concentric cylin-

der measuring geometries was used
in combination with a circulator
HAAKE DC30-K10, which can also
be controlled by the RheoWin data
acquisition and evaluation software.

As the viscosity to be measured is
quite low – e.g. for modern polymers
like polyvinyl alcohol (PVA) or
Kollicoat IR (Figs. 4 and 5) – a DG43
double gap concentric cylinder mea-
suring geometry, according to DIN
53544 with enlarged surfaces, was
used (Fig. 3) [1, 2].

RRRRResults and discussionesults and discussionesults and discussionesults and discussionesults and discussion
The rotational rheological investiga-
tions show that the viscosity of a
film forming dispersion depends on
both the type of polymer and its con-
centration in the dispersion [1, 5].
Figs. 4 and 5 illustrate the evaluation
for exemplarily chosen instant re-
lease film formers

· viscosity as a function of polymer
   concentration (Fig. 4)

· viscosity of 10 % polymer solutions
   (blue bars in Fig. 5)

· polymer concentration for 50 mPas
   solutions (brown bars in Fig. 5)

The viscosity values shown in Figs.
4 and 5 are mean values of the vis-
cosity curves from 100 to 3000 1/s.

In the application of moisture protec-
tive instant release film coatings,
high pigment concentrations and
low polymer contents offer enhanced
barrier functions against ambient
moisture. Moreover, the higher the
solid content, the shorter the time for
the coating process [5]. To maximize
the solid content without exceeding
the maximum permissible viscosity
value of the film forming dispersion,
the viscosity of the film forming po-
lymer should be low.

Comparison of the 50 mPas solutions
in Fig. 5 shows for example that a
HPMC 3 mPas based standard for-
mulation has a solid concentration

Fig. 4: Dependency of viscosity on type of polymer and polymer concentration (3 mPas
and 6 mPas are the viscosity values for 2 % polymer con-centration at 20 °C) [1]

Fig. 5: Dependency on type of polymer showing viscosity of 10 % polymer
concentration solutions (blue) as well as polymer concentration for 50 mPas solutions
(brown) [1]

Fig. 3: Double gap concentric cylin-der
measuring geometry DG43 with cup
(black), rotor (blue) and sample (yellow)
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Fig. 8: Dependency of viscosity curve (lines) and flow curve (symbols) on polymer
concentration for Kollicoat IR dissolved in different mixtures of ethanol and water

Fig. 6: Dependency of viscosity curve (lines) and flow curve (symbols) on polymer
concentration for HPMC 6 mPas [1]

of 10 % while Kollicoat IR reaches
17 % [1].

In the processing of film coatings, a
wide range of shear rates is applied
to the film coating dispersions. The
shear rate dependence of the rheo-
logical quantities dynamic viscosity
η and shear stress  is displayed in
Figs. 6 and 7 for different polymer
concentrations and in Fig. 8 for mix-
tures of water and ethanol in differ-
ent ratios.

The viscosity curves of HPMC 6 mPas
with different polymer concentra-
tions are nearly constant curves
(quasi Newtonian flow behavior,
Fig. 6), while those of LustreClear
reveal shear thinning flow behavior
(decreasing viscosity with increasing
shear rate), which becomes more and
more significant with increasing po-
lymer concentration (Fig. 7).

Shear thinning behavior with high
initial viscosities, as found at the
lowest shear rates for LustreClear
with 9 % or 10 % polymer concentra-
tion, can lead to serious processing
issues – e.g. when peristaltic pumps
are used or in case the coating pro-
cess has to be stopped. As long as
the process is running, the shear rates
are higher, hence, the viscosity is far
below the maximum permissible
value and the coating process runs
smoothly. As soon as the process
stops, the shear rate decreases to zero
and the viscosity increases above the
maximum permissible value, which
leads to problems (e.g. inhomoge-
neous spray patterns) when the pro-
cess is restarted.

In case of water sensitive actives, it
might be advisable to substitute some
amount of the aqueous carrier with
organic solvents. Unfortunately, most
of the polymers are insoluble in
solvents like ethanol. While 15 %
Kollicoat IR in water is quasi
Newtonian, the system becomes
shear thinning for medium ethanol
concentrations and even thixotropic
(hysteresis loop between up and down
flow curve) for the highest ethanol
concentrations (Fig. 8). By increasing
the ethanol content, the amount of
water in which the polymer can be
dissolved is decreased. Therefore, the
interaction between polymer chains
is the stronger the higher the ethanol
content gets, leading to shear thin-
ning and thixotropic behavior.

Fig. 7: Dependency of viscosity curve (lines) and flow curve (symbols)  on polymer
concentration for LustreClear [1]

ConclusionConclusionConclusionConclusionConclusion
Optimizing a film coating process,
with regards to maximum efficiency
and best coating results, requires pro-
found knowledge of the rheological
properties of the coating formulation
used. Poor coating results can only
be prevented by appraising the flow
properties of the dispersion.

Beyond the rotational data discussed
in this application note, it can be
relevant to determine the elastic pro-
perties of film coating dispersions
in shear and extensional flow which,
in many cases, correlate with
processing issues [3, 4].
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