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Abstract 0 We have used rheological and thermal methods to study
the colloidal characteristics of a widely used technical latex. The
dispersions of poly(methacrylic acid−ethyl acrylate) (Eudragit L100-
55) were found to be stabilized by a combination of electrostatic and
steric mechanisms termed as electrosteric stabilization. The electros-
teric stabilization is considered to arise in part from dissolved polymer
chains with charged carboxylic groups extending out into the
continuous phase. The presence of dissolved polymer chains in the
dispersion implies that coalescence and interpenetration will be
facilitated during film formation, enabling a smooth continuous film to
be formed. The extent of the stabilization layer and an effective hard-
sphere volume was estimated to discuss the steady shear and
viscoelastic properties in this context. The glass transition temperature
(Tg) of the particles making up the dispersion has also been determined
as a function of sorbed moisture and modeled by the Gordon−Taylor
equation modified for specific interaction between water, surfactant,
and polymer. This parameter at high moisture content can be used
as a first approximation to the minimum film-forming temperature
(MFT). Change in Tg (and thus MFT) with moisture content implies
that the coating process must be controlled so as to produce a rate
of drying slow enough to allow coalescence to occur.

Introduction
The release of drug from a solid dosage form is often

tailored by applying a polymeric coating. Water-based rate-
controlling polymer films are generally made by spraying
an aqueous polymeric dispersion (latex) onto the dosage
form (tablet or multiparticulates) and then evaporating the
water, a process not unlike film formation from water-borne
paints. Commonly used aqueous coating polymers within
the pharmaceutical industry are cellulose derivatives and
acrylic polymers. These latices are characterized by low
viscosity, even at relatively high solid content.1

The mechanism of film formation from aqueous latex
dispersions has been discussed for almost half a century.
The evolution of the theories of film formation can be
followed through a number of interesting papers.2-5 Rhe-
ology,4,6 scanning electron microscopy,4,6 and lately atomic
force microscopy4,7 are primary techniques that have been
employed for studying dispersions and film formation.
Latex dispersions are subject to a range of shear rates
during the coating process ranging from 105 s-1 during
atomization to 10-2 s-1 during leveling. The process of

deformation and coalescence is a function of polymer
viscoelasticity.2 In this work, we have applied rheology to
study a commercial latex dispersion based on a methacrylic
acid-ethyl acrylate (MAEA) copolymer and relate its
characteristics to the first stages of film formation in
pharmaceutical processing.

Film formation from polymer dispersions is correlated
to the glass transition temperature (Tg) of the polymer and
the temperature of operation in relation to the minimum
film-forming temperature (MFT) of the latex.8 The MFT is
the minimum temperature above which a continuous and
clear film is formed during drying.2,8 While film formation
does not imply that interdiffusion of polymer chains
between adjacent particles must occur,7,9 coalescence and
interpenetration would be required for the formation of a
strong film.5 This flexibility is influenced by additives
(plasticizers) as well as water (moisture) content of the
polymer and can be detected as a reduction in both the Tg
and the MFT. While both these parameters are apparently
similar, Tg is a fundamental property of the material while
MFT is an ill-defined parameter10 reflecting latex morphol-
ogy11 and even particle size in some cases2. Tg can, however,
be used as a first approximation for the MFT. (Data from
Heuts et al.8 gives the ratio of MFT to Tg as ranging
between 0.8 and 1.1 for single stage acrylic dispersions,
while data from Hoy12 gives a ratio of 0.95). The Tg (and
MFT) of the sprayed latex will change with moisture
content, and a poor film will be formed if the MFT rises
above operating temperature due to too rapid a drying. We
have therefore determined the moisture adsorption iso-
therm for the dry commercial latex dispersion and mea-
sured the Tg of as a function of moisture content.

Materials and Methods

A spray-dried aqueous dispersion of methacrylic acid-ethyl
acrylate (MAEA) copolymer (MW 250 000) with the commercial
name Eudragit L100-55 was used (Röhm GmbH, Darmstadt,
Germany). The as-received Eudragit L100-55 also contains 0.7%
sodium lauryl sulfate (SLS) and 2.3% Polysorbate 80 based on solid
substance, added to function as emulsifiers.

Dispersions were made by adding NaOH to the latex particle
agglomerates in water and dispersing in accordance with Leh-
mann.1 The dispersion is stable when 3-6% of the carboxylic
groups of the copolymer are ionized; at greater than 20% ioniza-
tion, the polymer particles would dissolve.1 A suitable ratio of
alkali and polymer was found to be 90 g of polymer/g of NaOH.
This ratio was determined by measuring the viscosity and stability
of the dispersions with constant polymer content but varying alkali
concentration. Low pH gave an unstable dispersion while high pH’s
resulted in a rapid increase in viscosity due to dissolution of
polymer. Dispersions were considered to be stable if no sedimenta-
tion could be detected in 24 h by visual inspection. The pH of the
dispersions ranged between 5.1 and 5.3 (see Table 1). By keeping
the NaOH-MAEA ratio constant, stable dispersions over a wide
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range of solids content could be made. A suggested procedure for
preparation of the dispersion requires a ratio of 71 g of polymer/g
of NaOH along with 10% triethyl citrate at a final pH of ∼5.1 The
ready-to-use commercial 30% dispersion Eudragit L30 D from
Röhm has a pH of 2.5. At this pH, however, a 30% dispersion of
the spray dried L100-55 is not stable and sediments immediately.

True polymer concentration of the latices was determined by
“Loss on drying”, method d (383 K, 3 h), in accordance with Ph.
Eur. 1979. Taking into account the mass of compounds that did
not evaporate and knowing the density of Eudragit L100-55, 1.18
g/cm3 (data from manufacturer), the volume fraction of polymer,
φ, was calculated.

The ú potential of the particles was measured using a Malvern
Zetasizer 4 (Malvern Instruments Ltd, Malvern, UK). Measure-
ments were performed 24 h after preparation, on three samples
from each dispersion. The latex dispersions were diluted 160-fold
in an acetate buffer with similar pH and ionic strength (∼10-2

M) prior to measurement due to their high turbidity. The used
ionic strength is an estimate, since the exact degree of ionization
of the carboxylic groups on the polymer is unknown.

Steady-state rheological measurements were carried out using
a Bohlin VOR Rheometer (Bohlin Reologi, Lund, Sweden), a
controlled strain instrument, with a double gap measuring system
(DG 24/27) for dispersions of low viscosity or a concentric cylinder
(C25) for dispersions of intermediate viscosity. A controlled stress
instrument (Stresstech Rheometer, Reologica Instruments, Lund,
Sweden) with a concentric cylinder (CC15) measuring system was
used for all the dynamic viscoelastic measurements. The frequency
range of 0.0001-90 Hz with a constant stress of 0.5 Pa was used.
This stress is such that resulting deformation lies within the linear
viscoelastic region of all dispersions measured. All measurements
were performed at 298 K. Unwanted drying out and film formation
at the surface of the sample were prevented by covering the
measuring cups with a vapor trap. The intrinsic viscosity was
determined using an Ostwald capillary viscometer at 298 K.

The glass transition temperature of the spray-dried Eudragit
L100-55 was determined using modulated temperature differential
scanning calorimetry (MTDSC) on a Seiko DSC220C instrument
upgraded with a SSC5300 analysis system. Other operational
conditions are described by Singh et al.;13 the instrument opera-
tional parameters used were a heating rate of 3 K/min, an
amplitude of 1 K, and a frequency of 0.02 Hz. The Tg of the MAEA
copolymer in question here could not be detected using a conven-
tional DSC.

To examine the effect of moisture on the glass transition
temperature, samples were stored for 3-4 weeks in desiccators
with constant humidity atmosphere at room temperature. The
constant relative humidity atmospheres, in the range 31-95% RH,
were created using saturated salt solutions.14 Dried polymer
samples were weighed (5-10 mg) into aluminum DSC pans and
placed in these desiccators for equilibration. Prior to measurement,
the pans were quickly sealed with crimping covers.

The water content of the MAEA powder equilibrated at the
specified relative humidity was measured by Karl Fischer (cou-
lometry) analysis (Metrohm 737 KF Coulometer, Metrohm AG,
Herisau, Switzerland).

The glass transition temperature (at various moisture contents)
can also be determined by an isothermal dynamic vapor sorption
(DVS) method.15 The sample is loaded onto a quartz pan of a
microbalance located in a controlled gas flow environment, where
the relative humidities (0-95%) can be accurately specified while
the weight gain is continuously registered (DVS-1, Surface Mea-
surement Systems, Marlow, UK). DVS was performed on the

MAEA sample at one temperature (313 K) only to confirm the
results of the MTDSC measurements.

Results and Discussion

The surface charge of particles in dispersions has a
strong influence on both the stability and the flow behavior
of the dispersion. Since the MAEA particles carry carboxy-
lic groups, the particles will be negatively charged at the
pH of the experiments (Table 1). This is confirmed by
measuring the ú potential of the particles. At φ ) 0.25 the
ú potential was -42 ( 1.9 mV, and at φ ) 0.34 the value
was -43 ( 1 mV. There was a small tendency of the ú
potential to increase with increasing the polymer content.
This was, however, within the uncertainty of the method.
All the dispersions were therefore considered to have the
same ú potential. The ú potential of the ready-to-use
Eudragit L30D was -14 ( 3 mV in a dilution buffer of pH
2.5 and ionic strength 10-2 M.

In addition to the charges on the particles and the
probable presence of dissolved polymer chains, the dried
latex contains surface active substances that could in
principle contribute to the steric stabilization of the disper-
sion.16,17 Some simple experiments were performed in order
to gain some insight into the interparticle repulsion/
stabilization mechanism. Addition of small amounts of salt
(e.g. KCl) instantaneously affected the stability causing the
dispersion to flocculate irreversibly. The same effect was
seen when the pH was lowered slightly. This is a typical
feature of electrostatically stabilized dispersions. The
freeze-thaw stability of the dispersion was good, however,
which usually indicates steric stabilization.18 Thus, a
combination of electrostatic and steric stabilization is
indicated for the dispersion.

From the above experiments it is also clear that the
dispersion tested here cannot be described as hard spheres.
The data also does not fit Einstein’s law for hard spheres
since the measured intrinsic viscosity, [η], is 4.7, compared
to the expected hard-sphere intrinsic viscosity of 2.5. [For
comparison, Raynaud et al.19 report an intrinsic viscosity
of 3.65 for a sterically stabilized dispersion of particle
diameter 250 nm, while Krieger and Dougherty20 report
3.44 for a dispersion with rigid uncharged particles with a
diameter of 110 nm]. It is apparent that the effective
hydrodynamic radius of the particles is increased by the
adsorbed surfactants, dissolved polymer chains, and/or
electroviscous effects from surface charges, forming a
stabilization layer. An estimate of the effective hydrody-
namic radius can be made using the expression

where a is the core or true radius of the particles while aH
is the effective hydrodynamic radius. The (number) average
particle radius of the dispersions, containing 10-40 wt %
polymer is 100 nm although the particle size distribution
is fairly broad ranging from 60 to 200 nm1. The thickness
of the stabilization layer calculated from eq 1 is 23 nm.

Steady-State Shear Flow BehaviorsThe steady-state
shear viscosity of various volume fractions of Eudragit
L100-55 latex dispersions as a function of applied shear
rate is plotted in Figure 1. The dispersion with lowest φ’s
showed Newtonian behavior. All dispersions above a
volume fraction of φ ) 0.4 showed a more or less pro-
nounced shear thinning behavior. The extent of shear
thinning increased with increasing volume fraction. At very
low shear rates a plateau is evident, which is an ap-
proximation of the zero shear viscosity. The experimental

Table 1sEstimation of the Effective Hydrodynamic Volume Fraction.
The Increase of Effective Particle Radius (∆) is Obtained from a
Krieger−Dougherty Data Fit (n ) 3)

φ φeff ηr ∆ (nm) pH

0.255 ± 0.0003 0.456618 54.4 21.43325 5.27 ± 0.05
0.292 ± 0.004 0.493944 124 19.15116 5.20 ± 0.02
0.335 ± 0.005 0.492656 120 13.71898 5.13 ± 0.06
0.353 ± 0.002 0.571702 3810 17.43521 5.19 ± 0.06
0.355 ± 0.01 0.592429 60800 18.61404 5.13 ± 0.06
0.364 ± 0.02 0.599142 533000 18.07085 5.14 ± 0.07
0.392 ± 0.008 0.60186 3140000 15.36387 5.09 ± 0.05

[η] ) 2.5[aH

a ]3

(1)
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set up could not detect the low-shear plateau for the
dispersion with the highest solid content.

On the basis of previously discussed electrostatic and
steric stabilization mechanism, an effective volume frac-
tion, φeff, can be defined6 such that

where a is the particle radius () 100 nm) and ∆ is the
increase of the effective particle radius due to contributions
from the stabilization mechanisms (Debye length and/or
adsorbed layer). With the above correction, the dispersion
can be modeled as a hard-sphere system. The semiempiri-
cal Krieger-Dougherty equation20 can then be used to
correlate the relative viscosity, ηr, at low shear (approxima-
tion of the zero-shear viscosity from Figure 1) to the
effective volume fraction

[η] is the intrinsic viscosity and φeff,m is the maximum
packing fraction. The value of [η] from capillary viscometry
) 4.7. The value used for φeff,m ) 0.605, corresponding to a
hexagonally packed sphere structure (loose packing, coor-
dination number 8). [The dispersion has a honeycomb-like
structure in the last stages before the water layer disap-
pears and the particles begin to deform and possibly
coalesce.21 Roulstone et al. propose a close-packed hexago-
nal structure for this stage with a maximum packing
fraction of 0.74;22 however, their conclusion is based on cast
films where the particles have a longer time to achieve such
a structure. Heterodispersity can also lower the packing
efficiency10]. The value of ∆ used to fit the experimental
data points in Figure 2 to eq 3 are tabulated in Table 1, in
accordance with Prestidge and Tadros.23 At the low volume
fractions, the effective thickness of the stabilization layer,
∆, is estimated to be 21 nm. The thickness of this stabiliza-
tion layer decreases gradually with increasing volume
fraction (Table 1). This is not surprising since the layer is
compressed with increasing volume fractions as the par-
ticles approach each other closely. This compression causes
the dispersion to display an increasingly elastic behavior
as discussed below.

Viscoelastic BehaviorsThe viscoelastic response of the
MAEA dispersion, in terms of the storage (G′) and loss (G′′)

moduli, is shown in Figure 3 for three volume fractions.
For φ ) 0.33 (φeff ) 0.49) which corresponds to a less-than-
close packing fraction, G′′ is considerably larger than G′
at low frequencies. When the frequency is increased, the
difference between the moduli decreases and at a critical
value called the crossover frequency ∼1 Hz, they are equal.

Increase in G′ with frequency is a function of the
relaxation time scale, τr, of the suspension in relation to
the experimental time scale. At low frequencies, the
experimental time of the order of τ ≈ 1/ω is longer than
the relaxation time allowing the perturbed structure to
relax during oscillation. The applied energy is thus dis-
sipated, resulting in a large loss modulus or viscous
behavior. With increasing frequency, τ becomes of the order
of τr, resulting in a combined viscous and elastic response.
Further increases in frequency will thus result in a
predominantly elastic response i.e.,

implying that the viscoelastic properties do not change at
higher frequencies.24

With increasing volume fraction the average distance
between the particles decreases causing increasing overlap
of the stabilization layers surrounding the particles and

Figure 1sSteady-state shear flow curves of MAEA dispersions as a function
of applied shear for increasing polymer volume fractions, φ (n ) 3; see Table
1 for standard deviations). Data from controlled strain instrument.

φeff ) φ(1 + ∆
a)3

(2)

ηr ) (1 -
φeff

φeff,m
)-[η]φeff,m

(3)

Figure 2sThe low shear relative viscosity as a function of effective volume
fraction for MAEA dispersions (b) fitted to the Krieger−Dougherty model, eq
3, with [η] ) 4.7 and φeff,m ) 0.605. Data from controlled strain instrument.

Figure 3sThe storage (open symbols) and loss (closed symbols) moduli of
φ ) 0.33 (O, b), φ ) 0.35 (0, 9), and φ ) 0.39 (4, 2) dispersions. Data
from the controlled stress instrument.

G* ≈ G′ ) G∞
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therefore increasing the elasticity (G′). This is apparent in
Figure 3 for φ ) 0.39 (φeff ) 0.60). G′ and G′′ of this
dispersion is almost frequency independent. A much lower
crossover frequency is obtained, ≈0.002 Hz, since the
dispersion is unable to scatter the applied energy due to
its high solid content and begins to show elastic behavior
at low levels of perturbation.

At low volume fractions (φ ) 0.33) the dispersion follows
the Maxwell model, implying that one relaxation process
dominates the dynamic properties of the latex in solution.
The implication is that transient structures (stabilization
layer) existing in the system at these concentrations are
similar. [The slope of G′(ω) in Figure 3 is 1.8, and the slope
of G′′(ω) is 1.1, compared to 2 and 1, respectively, as
required by the model]. The dispersions with higher volume
fractions, however, do not fit the Maxwell model: for φ )
0.39 (φeff ) 0.60), the slope for G′(ω) is 0.4 and for G′′(ω) is
0.27 in Figure 3. This is not surprising since stabilization
layer overlap and the resulting interactions introduce a
new type of “cross-link” in the dispersion.

The variation of G′ and G′′ with volume fraction at two
different frequencies of oscillation are shown in Figure 4,
where an increase in solid content increases G′′ and
particularly G′. The phase angle shift is almost 90° for the
lowest volume fractions but increases to approximately 45°,
at φ ) 0.36 (φeff ) 0.60). Results from both frequencies
confirm that the close-packing volume fraction for the
present system occurs at φeff ) 0.60, above which the
system behaves as a gel.23

The reciprocal crossover frequency (in rad/s) can be used
to approximate the relaxation time, assuming that the
material follows the Maxwell model of viscoelastic fluids.
The relaxation time increases with the volume fraction and
typical values of the relaxation time are 0.1 s for the low
(φeff ) 0.49) concentration increasing to ∼75 s for the high
solid dispersions (φeff ) 0.60). To put these in perspective,
characteristic process times for spraying are of the order
of 10-5 s, while that for leveling of an applied film is 100 s.
These times thus agree well with the characteristic relax-
ation times of the dispersions at the relevant concentra-
tions. To further relate the viscoelastic properties to the
deformation and possible coalescence processes, we resort
to the modified viscoelastic model9 for film formation by
Eckersley and Rudin.2 According to this model, film forma-
tion requires

where σ is the surface tension of water in the capillaries
between particles, while G′(t) is the time-dependent elastic
shear modulus of the polymer. Using σ ) 30 mN/m and
200 nm as the largest particle size in the dispersion gives
a critical upper limit for elastic modulus of 5.1 × 106 Pa.
Figure 4 shows that this criteria is satisfied by the present
dispersion.

The mean interparticle spacing in a dispersion, H, is a
measure of the closeness of approach of these particles and
can be expressed as

In Figure 5, we have plotted the complex modulus G*
(at 1 Hz) against H calculated from eq 5 using values of φ
from Table 1 and φm ) 0.605 as indicated above. It is clearly
apparent that as the interparticle spacing falls below 40
nm, G* increases markedly due to the stabilization layers
beginning to overlap. An estimate of the thickness of this
layer is therefore ) 1/2H, i.e., approximately 20 nm. This
value compares well to the ∆-value in Table 1 for the low
volume fractions, as well as the estimate from intrinsic
viscosity using eq 1.

The Debye double layer thickness, 1/κ, in the present
system (water at 298 K)

gives a fairly thin double layer of the order of 3 nm, due to
the ionic strength estimated as 10-2 M. The large value of
κa (≈ 30) suggests that primary electroviscous effects would
be small. Secondary electroviscous effects, while not sig-
nificant at low volume fractions, may, however, play a role
in increasing the viscosity at the high volume fractions
considered here. In the literature, such effects have been
attributed to the formation of (temporary) doublets of like-
charged particles which allow energy to be dissipated when
rotating in or when destroyed by shear.25 Examining the
possible steric contributions to the stabilization layer
suggests that the surfactants added to the latex particles
(Polysorbate 80 and SLS) cannot extend out 20 nm from
the surface of the particles. This and the fairly high ú
potential imply that alternative explanations are needed
to rationalize the extent of the stabilization layer (which
is in agreement when calculated from the various methods).
This layer must arise due to dissolved latex polymer chains

Figure 4sThe storage (O, b) and loss (0, 9) moduli at 10-4 Hz (open
symbols) and 1 Hz (closed symbols) as a function of increasing volume fraction.
Data from the controlled stress instrument.

G′(t) e
34σ
a

(4)

Figure 5sComplex modulus (at 10-4 Hz) as a function of the mean
interparticle spacing from eq 5. The arrow shows the estimated point where
the particles start overlapping. Data from the controlled stress instrument.

H ) 2a[(φeff,m

φeff
)] (5)

κ ) 3.288xI (in nm-1) (6)
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which allow the charged carboxyl groups to extend further
out from the surface. The alkyl chain of anionic SLS can
also adsorb to the surface of the latex as well as bind to
the dissolved chains extending the charged headgroup into
the surrounding phase, effectively increasing the (negative)
surface charge. The picture we have of the latex is thus
one with a charged “hairy” surface, electrosterically sta-
bilized.26 The presence of the adsorbed neutral surfactant
(as well as dissolved polymer) can influence the adsorption
characteristics of the ions in the diffuse layer as well as
shifting the shear plane away from the surface. Contribu-
tion to the latter effect due to Polysorbate 80 will not be
very strong since the amount added is small, allowing the
adsorbed layer to be approximated as free draining; any
contribution due to dissolved latex polymer is, however,
difficult to estimate. Change in the ion distribution in the
diffuse layer can be caused by excluded volume effect
leading to an extension of the double layer and thereby an
increase in the surface potential of the particle.25

Moisture Sorption and Thermal AnalysissMAEA is
an amorphous polymer and takes up water in a humid
environment. The moisture sorption isotherm at 298 K is
tabulated in Table 2 and shows good agreement between
the two (KF and DVS) techniques. The particles absorb up
to 13% moisture when exposed to high relative humidity.
The data seems to follow a typical Type II isotherm for
multilayer physical adsorption on nonporous solids.

The corresponding Tg of the MAEA particles (measured
by MTDSC) equilibrated at a range of relative humidities
is also shown in Table 2 and plotted in Figure 6. The glass
transition temperature of the particles is substantially
lowered after exposure to moisture, as is to be expected.

Lehmann1 reports the MFT of redispersed MAEA latex is
291 K, the MFT of the ready-to-use Eudragit L30D disper-
sion is 300 K, and the Tg of the dry polymer is 380 K. We
find that the Tg (at high moisture content; Figure 6) is a
good first approximation of the MFT. The data also
suggests that since the Tg (and thus MFT) rises rapidly
with decreasing water content, the process of film forma-
tion should be complete before the sprayed material is dried
to such an extent that the MFT rises above operating
temperature. A balance is therefore required between spray
rate, temperature, and drying air flow. It also implies that
the MFT of (and Tg for hydrophilic) latex systems must be
related to the moisture content, and determined by the
humidity of the drying air in which it is measured.

The data from the Dynamic Vapor Sorption measure-
ment performed at 313 K agrees well with the MTDSC data
as shown in Figure 6. A glass transition event at this
temperature is detected when the moisture content of the
polymer is approximately 9%. However, no such event is
observed when the experiment is performed at 298 K. The
plasticizing effect of sorbed moisture is not sufficient to
lower the Tg to 298 K.

Monotonic variations of the Tg with composition in
mixtures/blends are often modeled by the modified Gor-
don-Taylor equation which is based on free volume effects
under the assumption that there are no specific interac-
tions between the components. For a three-component
mixture, this can be written as

where w1, w2, and w3 are the weight fractions of the three
components, and Tg1, Tg2, and Tg3 are the corresponding
pure component glass transition temperatures. Constants
K12 and K13 are ratios of free volumes of components and
can be estimated from

where Fi represents density of component i.
We expect that the MAEA copolymer has specific inter-

actions with water including deprotonation of the carboxy-
lic groups. Similarly, hydrophobic portions of Polysorbate
80 will have an increased affinity for the latex surface. To
account for these interactions, quadratic and third-power
interaction terms are added to eq 7, giving

where Q12, Q13, and Q123 are empirical interaction param-
eters reflecting the strength and type of interactions.27,28

We denote MAEA, water and Polysorbate 80 as components
1, 2, 3 with Tg1, Tg2, and Tg3 as the glass transitions
temperatures of pure MAEA, water () 135 K),29 and
Polysorbate 80 () 207 K), respectively. The Tg of Polysor-
bate 80 was measured in this work, but the same could
not be done for pure MAEA since the MAEA available was
preblended with surfactants. While an extensive dialysis
procedure could in principle remove all added surfactant,
we chose to estimate this parameter (Tg1) from the data at
0% RH. We have neglected any plasticizing effect of SLS
because of the small amount added. Using a two-component
version of eq 7 on Tg data at 0% RH gives Tg1 ) 412 K.
(Specific gravity of Polysorbate 80 ) 1.08 and of MAEA )
1.18). Utilizing this parameter in eq 7 to calculate the Tgmix

Figure 6sInfluence of moisture content on Tg for spray-dried MAEA dispersion
from MTDSC (b). The dotted line is calculated from eq 7 while the continuous
line is a data fit using eq 9. Standard deviations are shown for both Tg and
the moisture content. Results of Tg determination by DVS (∆) at 40 °C (313
K) is marked with a line.

Table 2sMoisture Sorption Isotherm at 25 °C, and the Glass
Transition Temperature (Tg) of Eudragit L 100-55 (Methacrylic
Acid−Ethyl Acrylate Copolymer) (n ) 3)

rel
humidity

(%)

equilibrium
moisture content

by KF (wt %)

equilibrium
moisture content
by DVS (wt %)

Tg by
MTDSC

(K)

0 0 0 402 ± 1.6
31 3.24 ± 0.05 3.68 353 ± 5.8
42 4.19 ± 0.17 4.70 338 ± 3.3
58 5.78 ± 0.48 6.70 329 ± 2.5
90 8.76 ± 0.86 10.9 314 ± 2.0
95 13.1 ± 0.29 13.8 303 ± 4.2

Tgmix )
w1Tg1 + K12w2Tg2 + K13w3Tg3

w1 + K12w2 + K13w3
(7)

Kij )
FiTgi

FjTgj
(8)

Tgmix )
w1Tg1 + K12w2Tg2 + K13w3Tg3

w1 + K12w2 + K13w3
+

Q12w1w2 + Q13w1w3 + Q123w1w2w3 (9)
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of the blend at various moisture contents gives a theoretical
glass transition that does not agree with the experimental
data (Figure 6). However, using eq 9 with Q12 and Q123 as
curve-fitting parameters allows the data to be modeled well
as shown in Figure 6. (It was found that the parameter
Q13 could be dropped without any effect on the goodness of
fit). The value obtained for parameter Q12 is positive while
that for Q123 is negative. While Kwei et al. have presented
arguments based on intermolecular force parameters to
explain the negative values of such parameters,30 we will
simply ascribe these to be empirical parameters that enable
the data to be modeled and underline the importance of
specific interaction terms in our system.

Conclusions

In the first part of this study, we have used the
techniques and methods of colloid science and applied them
to a technical latex, widely used in the pharmaceutical
industry. The dispersions are found to be electrostatically
and sterically stabilized. The stabilization is considered to
arise in part from dissolved polymer chains with charged
groups that extend out into the bulk continuous phase. The
extent of the stabilization layer was estimated to be around
20 nm, giving an effective hard-sphere volume that can be
used to relate the steady shear and viscoelastic properties
to the film formation phenomena. The presence of dissolved
polymer chains in the dispersion implies that coalescence
and interpenetration will be facilitated during film forma-
tion.

The results generated here provide a baseline to evaluate
the effect of normal coating additives such as plasticizers,
colorants, flavorants, buffering agents etc., on dispersion
stability and film-forming ability. While such studies
increase our understanding of the systems in question, they
also point to the complexity and limitations in the strict
application of techniques and models based on ideal and
simplified systems. Technical dispersions present a chal-
lenge because of their heterodispersity and the combination
of mechanisms involved.

The glass transition temperature of the particles making
up the dispersion has then been determined as a function
of sorbed moisture and modeled by the Gordon-Taylor
equation modified for specific interaction between water,
surfactant, and polymer. Our data and that in the litera-
ture suggests that the high-moisture content Tg can be used
as a first approximation for the MFT. Change in Tg (and
thus MFT) with moisture content implies that the process
must be controlled so as to produce a rate of drying slow
enough to allow coalescence to occur. A curing stage is
generally added to assist in the coalescence and interpen-
etration of the sprayed polymer chains. Knowledge of the
moisture sorption and Tg data can be used to determine
the conditions of this stage especially for heat labile
substances.
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