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Abstract
Purpose: To investigate the physical stability and drug release-related properties of the aqueous polymer dis-
persions Kollicoat® SR 30 D and Aquacoat® ECD (an ethylcellulose-based dispersion) in the presence water-
soluble polymers (pore formers) with special attention to the potential flocculation of the polymer disper-
sions. Methods: A precise characterization of the flocculation phenomena in undiluted samples was moni-
tored with turbidimetric measurements using the Turbiscan Lab-Expert. Theophylline or propranolol HCl
drug-layered pellets were coated with Kollicoat® SR 30 D and Aquacoat® ECD by the addition of water-soluble
polymers polyvinyl pyrrolidone (Kollidon® 30 and 90 F), polyvinyl alcohol–polyethylene glycol graft copoly-
mer (Kollicoat® IR), and hydroxypropyl methylcellulose (Pharmacoat® 603 or 606) in a fluidized bed coater
Glatt GPCG-1 and drug release was performed according to UPS paddle method. Results: Stable dispersions
were obtained with both Kollicoat® SR 30 D (a polyvinyl acetate-based dispersion) and Aquacoat® ECD with
up to 50% hydrophilic pore formers polyvinyl alcohol-polyethylene glycol graft copolymer (Kollicoat® IR) and
polyvinyl pyrrolidone (Kollidon® 30). In general, Kollicoat® SR 30 D was more stable against flocculation than
Aquacoat® ECD. Stable dispersions were also obtained with higher amounts of water-soluble polymer or by
reducing the concentration of the polymer dispersion. Flocculated dispersions resulted in porous films and,
thus, in a sharp increase in drug release. Conclusions: Kollicoat® SR 30 D was more resistant to flocculation
upon addition of water-soluble polymers than Aquacoat® ECD. The continuous adjustment of drug release
from Kollicoat® SR 30-coated pellets was possible with Kollicoat® IR amounts over a broad range.

Key words: Aqueous polymer dispersion; coating; extended drug release; flocculation; turbidimetric 
measurements

Introduction

Extended release oral dosage forms are often prepared
by coating drug-containing tablets or multiparticulates
with water-insoluble polymers, such as ethylcellulose,
poly(vinyl acetate), or acrylate derivates. The water-
insoluble polymer can be applied as organic solutions
or aqueous colloidal dispersions1–3.

Water-soluble polymers are often added to increase
the permeability of the water-insoluble coatings. In pre-
vious studies, the permeability of coatings with aqueous
ethylcellulose dispersions (Aquacoat® ECD or Sure-
lease) or ammonio methacrylate copolymer dispersion

(Eudragit RS 30 D) was adjusted by using blends of the
water-insoluble polymer with water-soluble polymers
such as hydroxypropyl methylcellulose (HPMC)4 or
hydroxy ethylcellulose (HEC)5,6.

Both water-soluble and water-insoluble polymers
are in solution when coating from organic solutions. In
contrast, with aqueous polymer dispersions, the water-
soluble polymer is in solution and the water-insoluble
polymer is in dispersion. This could potentially affect
the physical stability of the polymer dispersions.

For example, the inclusion of the water-soluble poly-
mer polyvinyl pyrrolidone (PVP) in an aqueous polyvi-
nyl acetate dispersion (Kollicoat SR 30 D) not only
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stabilized the dispersion but also served as an effective
pore former7. Adding the water-soluble pore-former
polyvinyl alcohol (PVA)–polyethylene glycol (PEG) graft
copolymer (Kollicoat® IR) to either Kollicoat® SR 30 D
or to the ethylcellulose dispersion Aquacoat® ECD
resulted in physically stable dispersions8. The addition
of Kollicoat® IR to Aquacoat® ECD coatings allowed not
only the adjustment of the drug release profiles9 but
also improved the stability of the drug release upon
storage at elevated temperature and humidity10.

Flocculation of ethylcellulose dispersions has been
observed above a critical HPMC concentration for
Aquacoat® ECD11. The critical HPMC concentration
decreased with increasing molecular weight of HPMC
and increasing solids content of the dispersion.
Compatibility problems with HPMC and HEC were also
reported for ammonio methacrylate copolymer disper-
sion (Eudragit RS 30 D)5,12.

The objective of this study was to investigate the influ-
ence of water-soluble polymers (pore formers) on the
drug release from coated pellets as well as on the mor-
phology, leaching, and medium uptake of films prepared
from the polymer blends with a special attention to the
potential flocculation of the polymer dispersions. The
physical stability of the aqueous polymer dispersions
Kollicoat® SR 30 D and Aquacoat® ECD was investigated
by turbidimetry to identify stable formulations.

Materials and methods

Materials

Aqueous dispersion of poly(vinyl acetate) (Kollicoat® SR
30 D; BASF SE, Ludwigshafen, Germany), aqueous
dispersion of ethylcellulose (Aquacoat® ECD; FMC
BioPolymer, Brussels, Belgium), PVP (Kollidon® 30 and
90 F), PVA–PEG graft copolymer (Kollicoat® IR; BASF
SE), triethyl citrate (Morflex, Greensboro, NC, USA),
HPMC (Pharmacoat® 603 and 606; Shin-Etsu Chemical,
Tokyo, Japan), sugar spheres (Suglets 710–850 μm; NP
Pharma, Bazainville, France), sodium lauryl sulfate
(Sigma-Aldrich GmbH, Taufkirchen, Germany),
propranolol HCl and theophylline (BASF SE), and talc
(Luzenac Europe, Toulouse, France) were used.

Physical stability of aqueous dispersions

The physical stability of the aqueous dispersions was
investigated as a function of polymer dispersion
concentration (7.5%, 10.0%, 12.5%, 15%, w/w) and the
amount of added water-soluble polymer (2.5–50%, w/w,
based on the water-insoluble polymer). Freshly
prepared and undiluted samples were filled into flat
bottom borosilicated glass flasks (d = 27.5 mm, h = 70

mm). The backscattering of incident light (880 nm) was
measured every 3 minutes over a time period of 1 hour
at 22°C using Turbiscan Lab-Expert (Formulaction,
I’Union, France). Backscattering changes in the middle
of the sample were plotted as a function of time. Stable
samples were indicated by constant backscattering
(Figure 1a). The flocculation or coalescence (particle
growth without sedimentation or creaming) was
reflected by a clear decrease of the backscattering
through the whole height of the sample (Figure 1b).
Sedimentation of flocculates resulted in the backscat-
tering decrease/increase at the top/bottom of the sam-
ple, respectively (Figure 1c).

Alternatively, flocculation was also indicated by the
appearance of sediment upon standing. The sedimen-
tation volume (F) of the samples after standing for 24
hours in graduated glass tubes (15 mL) was calculated
as the height of the sediment (mm)/height of total mix-
ture (mm).

Preparation of Kollicoat® SR films

Kollicoat® SR films were prepared by spraying a 15%
(w/w) aqueous dispersions with the corresponding
water-soluble polymers using an Airbrush with a nozzle
diameter of 0.75 mm (Paasche, Chicago, IL, USA) onto
Teflon plates (14 × 14 cm2) followed by oven-drying at
30°C for 48 hours. The films (100–150 μm thick) were
cut into pieces (4 × 4 cm2) and stored in a desiccator
until further use.

Weight loss and medium uptake of films

The films were weighed (weightinitial), put into 80 mL
prewarmed 0.1 N HCl, and shaken at 37°C, 80 rpm for
up to 8 hours (GFL shaking incubator 3033; GFL mbH,
Burgwedel, Germany) (n = 3). The films were removed
from the medium, wiped with tissue paper to remove
excess water and weighed (weightwet). The wet films
were oven-dried for 24 hours at 40°C and additionally for
48 hours in a desiccator and weighed again (weightdry).
The weight loss (leaching) and medium uptake were
calculated as follows:

Weight loss
weight weight

weight
initial dry

initial
(%)

( )
=

−
×100

Medium uptake
weight weight

weight
wet dry

dry
(%)

( )
.=

−
×100
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Figure 1. Example of the backscattering profiles. (a) stable dispersion, (b) flocculation without sedimentation and (c) flocculation with
sedimentation.
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Scanning electron microscopy

Polymer films were sputtered with gold palladium for
230 seconds and then observed with a scanning elec-
tron microscope (Philips SEM 515, Typ PW6703; Philips
Optical Electronics, Endhoven, the Netherlands).

Drug layering onto sugar pellets

Theophylline or propranolol HCl was layered on sugar
pellets from a suspension or solution, respectively, in
ethanol:water (60:40, v/v) with a solids content of 21%
(w/w) and Pharmacoat® 606 as a binder (5%, w/w,
based on drug) in a fluidized bed coater Glatt GPCG-1
(Glatt Process Technology GmbH, Binzen, Germany) to
achieve a 10% drug content based on the initial pellet
weight. The layering conditions were batch size = 800 g,
inlet temperature = 42–44°C, product temperature = 38–
40°C, air flow = 130 m3/h, nozzle diameter = 1.2 mm,
spray pressure = 1.2 bar, spray rate = 7.5 g/min, and
final drying at 40°C for 15 minutes.

Coating of the drug-layered pellets

The drug-layered pellets were coated with Kollicoat® SR
30 D (15%, w/v, solids content) in the fluidized bed
coater Glatt GPCG-1 to a predetermined weight gain.
Coating conditions were batch size = 800 g, inlet tem-
perature = 30–34°C, product temperature = 28–32°C, air
flow = 130 m3/h, nozzle diameter = 1.2 mm, spray pres-
sure = 2.0 bar, spray rate = 8.5 g/min, and final drying at
30°C for 15 minutes.

Drug release

The coated pellets were released in a paddle apparatus
(Vankel VK 300, 900 mL, 0.01 N HCl, 100 rpm, 37°C, n = 3).
Samples were withdrawn at predetermined time points
and measured by UV spectrophotometer:propranolol
HCl, l = 290 nm; theophylline, l = 270 nm.

Results and discussion

Two commonly used aqueous polymer dispersions,
Kollicoat® SR 30 D and Aquacoat® ECD, in combina-
tion with three water-soluble polymers, Kollicoat® IR,
Kollidon® 30 or 90 F, and Pharmacoat® 603 or 606, were
investigated with respect to the physical stability of the
dispersions and its possible implications on the drug
release from coated pellets.

Sedimentation in polymer dispersions containing
water-soluble polymers can be observed visually after
standing or centrifugation of flocculated samples11.
However, small flocculates or highly viscous systems

are difficult to analyze visually. Monitoring the particle
size by laser diffractometry was also not possible
because of deagglomeration of the flocculates upon the
required aqueous dilution.

In this study, flocculation was characterized by using
backscattering profiles recorded by turbidimetric mea-
surements with the Turbiscan Lab-Expert (Figure 1).

Figure 2. Backscattering/time profiles of 15% w/w dispersions with
different amount of water-soluble polymers: (a) Kollicoat® SR 30 D
+ Kollidon® 90F, (b) Aquacoat® ECD + Pharmacoat® 603, (c) Aqua-
coat® ECD + Kollidon® 90 F.
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The flocculation behavior of the dispersion with corre-
sponding backscattering/time profiles was as follows:

1. No flocculation: stable backscattering/time profiles
[e.g., 15%, w/w, Kollicoat® SR 30 D with 7.5%, w/w,
Kollidon® 90 F (Figure 2a) or Aquacoat® ECD with
5%, w/w, Pharmacoat® 603 (Figure 2b)].

2. Formation of fine flocculates (<0.6 μm): increase in
backscattering. This is because of the flocculates
being smaller than the wavelength of incident
light13. A further growth of flocculates over a critical
size (0.6 μm) resulted in a decrease in backscattering
(e.g., 15%, w/w, Aquacoat® ECD with 10%, w/w,
Pharmacoat® 603, Figure 2b).

3. Formation of coarse flocculates (>0.6 μm): decrease
in backscattering [e.g., 15% w/w, Kollicoat® SR 30 D
with 10%, w/w, Kollidon® 90F (Figure 2a) and 15%
w/w, Aquacoat® ECD with 2.5–7.5%, w/w, Kollidon®

90 F (Figure 2c)].

Summarizing the turbidimetric studies (Table 1), sta-
ble systems were obtained with both Kollicoat® SR 30 D
and Aquacoat® ECD with the hydrophilic pore formers:
Kollicoat® IR and Kollidon® 30 up to at least 50% (w/w)
pore-former concentration. With the other pore form-
ers, Kollidon® 90 F and Pharmacoat® 603 or 606, Kolli-
coat® SR 30 D was more stable than Aquacoat® ECD, as
indicated by a higher flocculation concentration. This
could be because of the smaller particle size of Kolli-
coat® SR 30 D (d = 140 versus 270 nm for Aquacoat®

ECD). The physical stability (higher critical flocculation
concentration) also increased with decreasing molecu-
lar weight of the water-soluble polymer (Kollidon® 30

versus Kollidon®90 F or Pharmacoat® 603 versus
Pharmacoat® 606) and also decreasing concentration of
the polymer dispersion.

Interestingly, the rate of flocculation also decreased
with increasing amount of water-soluble polymer
(Figure 2c). Upon visual observation of flocculated
systems, the sedimentation volume first decreased and
then increased with increasing amount of water-soluble
polymer (Figure 3). The increase of the sedimentation
volume was caused by the higher viscosity of the disper-
sion and delayed sedimentation. This was the reason
for the overestimation of the critical flocculation
concentration measured by visual observation versus
turbidimetric measurements (Table 1). This effect was
more pronounced with Aquacoat® ECD than with Kolli-
coat® SR 30 D. This is because of the formation of a
three-dimensional network in the case of Aquacoat
ECD dispersion indicated by shear-thinning flow in
contrast to Kollicoat® SR 30 D with almost Newtonian
flow behavior (Figure 4). Thus, the identification of
flocculated samples was difficult by visual observation
and more accurate by turbidimetric measurements.

Next, the drug release from pellets coated with
combinations of Kollicoat® SR 30 D and various water-
soluble polymers at different polymer concentrations
was investigated.

As described above, physically stable Kollicoat® SR 30
D dispersions were obtained with the water-soluble
polymers Kollidon® 30 and Kollicoat® IR up to 50% (w/w)
of the water-soluble polymers (Table 1). The drug release
increased proportionally to the amount of water-soluble
polymer within the broad range of 15–50% (w/w)
(Figures 5a and 6a, c). With flocculated dispersions (e.g.,

Table 1. Flocculation summary.

Pore former
Concentration of 

dispersion

Critical flocculation concentration (%)

Kollicoat® SR Aquacoat® ECD

Turbidimetry
Visual 

observation Turbidimetry
Visual 

observation

Polyvinyl alcohol–polyethylene
glycol graft copolymer

Kollicoat® IR 7.5–15 ≥50.0 ≥50.0 ≥50.0 ≥50.0

Polyvinyl pyrrolidine Kollidon® 30 7.5–15 ≥50.0 ≥50.0 ≥50.0 ≥50.0

Kollidon® 90 F 7.5 25.0 30.0 7.5 10.0

10.0 15.0 17.5 <2.5 12.5

12.5 10.0 12.5 <2.5 5.0

15.0 7.5 7.5 <2.5 2.5

Hydroxypropyl methylcellulose Pharmacoat® 603 7.5 45.0 45.0 25.0 35.0

10.0 45.0 45.0 5.0 15.0

12.5 30.0 30.0 5.0 12.5

15.0 10.0 20.0 5.0 7.5

Pharmacoat® 606 7.5 30.0 30.0 7.5 12.5

10.0 20.0 20.0 5.0 7.5

12.5 15.0 15.0 <2.5 5.0

15.0 7.5 7.5 <2.5 2.5



Pore-former effect on stability of polymeric dispersion 157

15%, w/w, Kollicoat® SR 30 D with Kollidon® 90 F or
Pharmacoat® 606), the drug release increased sharply
(Figures 5b and 6b, c) above the critical flocculation con-
centration (7.5%, w/w, water-soluble polymer, Table 1).

To explain the rapid increase in drug release with floc-
culated systems, weight loss, medium uptake, and SEM
photographs of sprayed polymer films of same composi-
tions were investigated. The weight loss of the Kollicoat®

SR 30 films upon incubation in 0.1 N HCl was rapid and
complete with all hydrophilic pore formers at all concen-
trations [Kollidon® 30 and Kollidon® 90 F as well as for
Kollicoat® IR (Figure 7a–c)], indicating a rapid release/
leaching of the water-soluble polymer in the release
medium14. Differences between flocculated and unfloccu-
lated systems were seen on SEM photographs and with
medium uptake data of the resulting films. Homogeneous
films were obtained from physically stable Kollicoat®

SR 30 D dispersions (e.g., with 30%, w/w, Kollidon® 30 or
Kollidon® IR), whereas flocculated dispersions (e.g., with
15% or 30%, w/w, Kollidon® 90 F) resulted in porous films
(Figure 8). The formation of porous films from flocculated

dispersions can be explained by the ‘tail-loop-train’
adsorption of water-soluble polymers on the particle
surface and therefore steric hindrance for particles coales-
cence. Consequently, the medium uptake of porous films
increased with increasing amount of water-soluble poly-
mer (Kollidon® 90 F) to a higher extent when compared to
the homogeneous films containing Kollidon® 30 or Kolli-
coat® IR (Figure 7d–f).

In summary, the adjustment of drug release profiles
of coated pellets via controlling the permeability of
extended release coatings prepared from aqueous
polymer dispersions with the addition water-soluble
polymers (pore formers) should take into account the
physical state of the dispersion (flocculated versus

Figure 3. Effect of pore-former concentration on the sedimentation
volume (F) of (a) Kollicoat® SR 30D, (b) Aquacoat® ECD (15% w/w
solid content, standing for 24 h).
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unflocculated) to explain possible irregularities in the
magnitude of release enhancement.

Conclusions

Flocculation phenomena of aqueous colloidal disper-
sions in the presence of water-soluble polymers could
be precisely characterized using turbidimetric mea-
surement. Kollicoat® SR 30 D was more resistant to floc-
culation upon addition of water-soluble polymers than
Aquacoat® ECD. The continuous adjustment of drug
release from Kollicoat® SR 30-coated pellets was possi-
ble with Kollicoat® IR amounts over a broad range.

Figure 5. Effect of (a) Kollicoat® IR and (b) Kollidon® 30 or Kolli-
don® 90F on the theophylline release from Kollicoat® SR 30 D-
coated pellets (15% w/w coating level, 0.1N HCl).
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Figure 7. Weight loss and medium uptake during incubation of Kollicoat® SR 30D films in 0.1 N HCl with different amounts of (a), (b) Kollidon®

30, (b), (e) Kollidon® 90 F and (c), (f) Kollicoat® IR.
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