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Purpose. Polyvinylpyrrolidone (PVP), molecular-composite PVP, and Plasdone S-630 copolyvidonum
are potential polymeric film modifiers for achieving improved drug release. The aim of this study was
to investigate how these polymeric additives would affect the physicomechanical properties of composite
ethylcellulose films.
Methods. The miscibility of these polymeric additives with ethylcellulose was determined from the
differential scanning calorimetry (DSC) thermograms of various polymer blends formed from organic
solvents. It was found that ethylcellulose (EC) was miscible with the polymeric additives up to a
concentration of 50%. Ten percent to 30% w/w polymeric additives were then added to aqueous
ethylcellulose dispersion to form composite films. The morphology, film transparency, dynamic me-
chanical analysis (DMA) thermograms, and mechanical properties of the composite ethylcellulose films
were studied. In addition, puncture strength and % elongation of the dry and wet films were also
compared from indentation test.
Results. Significant reduction and change in film transparency and morphology was obtained for EC
films blended with PVP of higher molecular weight (MW). The composite EC films also showed higher
Tg, greater elastic modulus, tensile and puncture strength depending on the concentration and type of
additives present.
Conclusions. The interaction between ethylcellulose and the polymeric additives is dependent on the
MW and concentration of additives. The composite films offer new opportunities for the use of ethyl-
cellulose as modified release coatings for dosage forms.

KEY WORDS: differential scanning calorimetry; dynamic mechanical analysis; ethylcellulose; me-
chanical test; polyvinylpyrrolidone.

INTRODUCTION

Ethylcellulose (EC) is a water-insoluble film former with
good mechanical and film-forming properties, which enables
the formation of flexible and tough coatings (1). In addition,
it is available in a wide range of viscosity, soluble in a variety
of organic solvents, and miscible with various water-soluble
polymers (2,3). These characteristics allow the formulator
flexibility in optimizing formulations of EC for coating. EC
coating is useful for protection of moisture-sensitive drugs
due to its poor permeability to water vapor and poor solubil-
ity in water. However, these properties strongly retard drug
release and thereby limit the application of pure EC coating
in the controlled release of drug. The drug release rate from
pellets coated with Aquacoat ECD-30 was poor even when
one plasticizer was added (4,5).

Studies undertaken to improve drug permeability
through EC coatings included reduction in the thickness of
the coating layer (6), formation of pores using organic sol-

vents (7,8), and incorporation of hydrophilic additives (9,10).
A number of studies were directed at employing additives to
modify the permeability of EC films: hydroxypropyl methyl-
cellulose (11,12), hydroxypropyl cellulose (13), carboxy meth-
ylcellulose (14), acrylates (15–17), pectin (18), maltodextrins
(19), xylitol (19), and polyethylene glycol (19,20). Among
these studies, the influence of hydroxypropyl methylcellulose
on the properties of ethylcellulose films has been most exten-
sively investigated. The rate of drug release was often re-
ported to be dependent on the type and proportion of addi-
tives added. The molecular weight of the additive and its
concentration in the polymeric dispersion were also found to
have significant influence on the hardness and elasticity of the
film coats.

Hydrophilic additives increase the permeability of hydro-
phobic films by several mechanisms. For example, polyethyl-
ene glycol can dissolve or erode in the release medium and
thus create pores in the EC film (21). In contrast, hydroxy-
propyl cellulose, which dissolves or erodes partially, forms a
matrix with EC (22). Some additives modify drug release
through EC films by acting as carriers for drugs, such as Span
20 (23) and tetrabutylammonium bromide for salicylic acid.

Polyvinylpyrrolidone (PVP) is a water soluble, physi-
ologically inert synthetic polymer consisting essentially of lin-
ear 1-vinyl-2-pyrrolidinone groups, with varying degree of po-
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lymerization that results in polymers of various molecular
weights (24–28). PVP has been reported to increase the solu-
bility of active substances by forming water-soluble com-
plexes. Viviprint 540 is a PVP homopolymer that is formed by
in situ incorporation of insoluble cross-linked poly(PVP)
nanoparticles into soluble, film-forming PVP polymer, result-
ing in formation of molecular-composite PVP (MCPVP) (29).
It is therefore of much larger molecular weight than PVP and
less soluble in water. It can be used as a binder as well as a top
coat in multilayer coating system. The swelling property of
cross-linked PVP was used to enhance drug release. In one
study, Fan et al. (16) developed a system composed of drug
and a swelling agent of cross-linked PVP core coated by eth-
ylcellulose/Eudragit L. Eudragit L dissolved in the medium
pH above 6, resulting in the formation of pores in the coat.
Thus, the medium penetrated through the pores to reach the
core, causing the swelling agent to expand and burst the coat
to release the drug rapidly. Plasdone S-630 copolyvidonum
(PV/VA) is a synthetic water-soluble copolymer consisting of
N-vinyl-2-pyrrolidone and vinyl acetate in a random 60:40
ratio. It can be used as binder in dry and wet granulation
methods. Zingone et al. (30) reported that the solubility and
dissolution rate of carbamazepine can be enhanced when
mixed with PV/VA copolymer possibly due to decrease in
crystallinity and increase in wettability of drug.

All the water-soluble polymers discussed above are po-
tential polymeric film modifier for achieving improved drug
release. To date, studies on composite EC films containing
PVP, MCPVP, and PV/VA for controlled release have not
been reported. Incorporation of different additives may cause
various changes in molecular interactions within the polymer
matrix resulting in altered physicochemical film properties as
measured by the moisture permeability, thermal and tensile
properties of the matrix (31). It has been reported that
changes in the physicomechanical properties of films reflected
changes in polymer tortuosity and porosity, which can influ-
ence drug diffusion. A correlation between the physico-
mechanical properties of cellulose hydrogen phthalate films,
as measured by tensile strength and glass transition tempera-

ture (Tg) and drug diffusion, had been demonstrated (32).
Films containing dibutyl phthalate exhibited greater tensile
strength, higher Tgs, and slower permeation rates than films
with added glycerol. It was thought that the increase in Tg and
tensile strength of polymer films corresponded to hardening
of the films and resulted in depression of drug release rates.
Van Bommet et al. (33) has also showed that increasing the
concentration of acetaminophen in EC films resulted in in-
crease in drug release, while the tensile strength and Tg de-
creased. Hence, information about the physicochemical and
physiocomechanical properties of composite EC films con-
taining PVP, MCPVP, and PV/VA may be useful for inter-
pretation of release characteristic of drug delivery systems
coated with composite EC films.

MATERIALS AND METHODS

Materials

A commercial EC dispersion (Surelease, Colorcon, West
Point, PA, USA) was used as a plasticized aqueous dispersion
of EC for film-forming. The following polymeric additives
from ISP (Wayne, NJ, USA) were added to ethylcellulose
dispersions to form the composite films (Table I): Plasdone
K-17 (PVP K17, MW ∼8000), Plasdone K-29/32 (PVP K29,
MW ∼58,000), Plasdone K-60 (PVP K60, MW ∼400,000), Plas-
done K-90/D (PVP K90, MW ∼1,300,000), Plasdone S-630
(PV/VA, MW ∼58,000), and Viviprint 540 (MCPVP, MW
∼1,500,000–2,000,000).

Preparation of Film-Forming Dispersions

Ten percent to 30% w/w of polymeric additives (based
on total solid content of film) were added to an appropriate
amount of EC dispersion. The mixture was then diluted with
distilled water to 10% w/w of EC and was stirred for 5 h using
a magnetic stirrer before it was used to cast films. The control
was prepared by diluting an appropriate amount of EC dis-
persion to give 10% w/w EC, which was then stirred for 1 h.

Table I. Chemical Structures, Typical Molecular Weights, and Viscosity of the Polymeric Additives

Polymeric additives Chemical structure K value
Typical molecular

weight
Typical viscosity

(mPa s)

N-Vinyl-2-pyrrolidone
and vinyl acetate copolymer
(PV/VA)

25.4–34.2 58,000a 2.5b

Polyvinylpyrrolidone
PVP K17 16–18 8,000a 1.5b

PVP K29 29–32 58,000a 2.5b

PVP K60 50–62 400,000 147 cps
PVP K90 85–95 1,300,000a 55.0b

Molecular-composite
polyvinylpyrrolidone
(MCPVP)

— 1,500,000–2,000,000d 5,000–20,000 cpsc

a Weight average, determined by light scattering.
b 5% solution in deionized water. Brookfield LVT viscometer (60 rpm @ 25°C).
c Brookfield LV, Spindle 4, 12 rpm, @ 25°C.
d Measured by GPC/MALLS.
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Preparation of Films

Films of 200 �m thick were prepared by casting prede-
termined amounts of film forming dispersions on leveled
polytetrafluoroethylene (PTFE)-coated glass plates (casting
area � 17 cm × 17 cm). After 48 h of drying in an oven at
55°C, the films were removed from the glass plates using a
sharp knife. Only films that were free from visually evident
imperfections, such as cracks or presence of air cavities, were
used for subsequent tests.

Evaluation of Film Properties

The free films were cut into strips of specific sizes for
determination of various properties. The thickness of each
piece of cut film was determined at five locations on the film.
Only films with thickness deviation less than 10% of the mean
thickness were used for the respective tests. Film samples
were aged at room temperature in desiccators containing
silica gel for at least 5 days prior to testing.

Differential Scanning Calorimetry

The thermal property of EC and the additives were de-
termined using a differential scanning calorimeter (DSC-50,
Shimadzu, Kyoto, Japan), which was coupled with a thermal
analyzer (TA-60W, Shimadzu, Kyoto, Japan) to the com-
puter. Films of pure EC, PVP, PV/VA, MCPVP, and poly-
meric blends were prepared by casting 5% w/w of polymer(s)
in solvent mixture of methylene chloride and acetone in the
ratio of 5:1 onto a PTFE dish. The film-forming solutions
were dried by evaporation at about 30°C for 24 h, and the
films were then kept in a dessiccator containing silica gel for
5 days before analysis. Accurately weighed, about 5 mg of
samples were used for determination of thermal properties of
the polymers and polymer blends under nitrogen. The
samples were first heated to 200°C at a rate of 20°C/min to
erase the previous thermal history and remove any residual
moisture. After cooling, a second scan was carried out at a
heating rate of 10°C/min to 250°C. The glass transition tem-
perature (Tg) was taken as the temperature corresponding to
50% of the transition (i.e., the midpoint of the discontinuity in
heat flow in the second heating cycle).

Dynamic Mechanical Analysis

The thermal mechanical spectra of the films were ob-
tained using dynamic mechanical analyzer (DMA 2980, TA
Instruments, New Castle, DE, USA). This technique involved
measurement of a sinusoidal strain induced by application of
a sinusoidal mechanical force. The response was resolved into
part which was in phase with the applied stress (elastic com-
ponent) and that, which was out of phase with applied stress
(viscous component) (34). Changes in these responses were
studied as a function of temperature and frequency. For a
viscoelastic material, the elastic response (recoverable en-
ergy) is represented by the storage modulus E� while the loss
modulus E� is the viscous response (lost energy). The tangent
of the loss angle, tan �, is equal to the ratio of the energy lost
(dissipated as heat) to energy stored per cycle:

tan � = loss modulus�storage modulus = E��E� (1)

This equation applies for response of material changes
with temperature at fixed frequency. Thus the profiles of elas-

tic component of the tensile modulus (E’) and the mechanical
loss (tan �) with respect to temperature were obtained. The
glass transition of the composite films, Tg, represented by a
sharp drop in modulus and a peak for tan �, can therefore be
determined by DMA.

The instrument consists of a clamp assembly with a plate
that is affixed to the drive clamp. The sample with a size of 10
mm × 5 mm and thickness varying from 0.225 to 0.348 mm is
sandwiched between the plate and studs mounted on the fixed
clamps. The clamp assembly is surrounded by a furnace that
is used to heat and cool the sample. The samples were tested
using tension mode and heated from 20°C to 120°C at 3°C/
min with a frequency of 1 Hz. The maximum of tan � and/or
a sharp drop in modulus was taken as the glass transition
temperature. The upper temperature was limited due to the
rapidly decreasing mechanical stability of the plasticized
samples above their glass transition temperature. All experi-
ments were performed under a dry nitrogen atmosphere.

Characterization of Surface Morphology

Surface morphology of the films was examined using a
light microscope (BX 61 Olympus, Tokyo, Japan).

Determination of Film Transparency

The film sample (40 mm × 25 mm, n � 3) was mounted
on the cell holder of a spectrophotometer (UV-1201, Shi-
madzu), and light transmittance at 600 nm through the film
was determined. The mean percent transmittance for each
film formulation was calculated.

Tensile Testing

The mechanical properties of the films (70 mm × 10 mm,
n � 6) were evaluated using a tensile testing instrument (EZ
Test-100N, Shimadzu) with a 100 N capacity load cell. The
test procedure was based on the ASTM D 882-75d method
using flat-faced metal grips with roughened surfaces. The film
samples were equilibrated for 1 h at 47 ± 2%RH and 25 ± 2°C
prior to test. The initial gauge length was 50 mm and the
extension speed was 5 mm/min. Four mechanical properties,
namely tensile strength, % elongation at break, elastic modu-
lus and work of failure were computed from the load-strain
profile as shown below (35):

� = Lmax�Ai (2)

� = �Ib�Ii (3)

EM = �dL�dm��Ai (4)

� = AUC��Ai (5)

where � is the tensile strength (N/mm2), Lmax is the maximum
load (N), Ai is the initial cross-sectional area of the film
sample (mm2), � is the percent elongation at break (%), �Ib

is the increase in length at break point (mm), Ii is the initial
gauge length (mm), EM is the elastic modulus (N/mm2), dL/
dm is the slope of the linear portion of the elastic deforma-
tion, � is the work of failure (J/m2), AUC is the area under
the curve (N2/mm4), and � is the cross-head speed (mm/min).
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Puncture Test

The puncture test (n � 3) was carried out on both dry
and wet circular films of diameter 25.2 mm, using a tensile
testing instrument (EZ Test-500N, Shimadzu, Kyoto, Japan)
with a 500 N capacity load cell. A conical-shaped puncture
probe with an angle of 60° and lateral area of 5 cm2 was
attached to the load cell. The film, sandwiched between rub-
ber and PTFE gaskets, was placed over the mouth of a stain-
less steel cup and secured by an open screw cap. The wet film,
immersed in distilled water for 24 h, was blotted dry prior to
mounting. The puncture probe was driven downward through
the center of the mounted film at a crosshead speed of 5
mm/min, with the load-displacement data recorded from the
point of contact of the probe with the film until the film was
pierced. Puncture strength and % elongation were derived
from the load-displacement profile based on the following
equations (36):

� = F�Acs (6)

	 = ���R2 + D2�1�2 − R��R�100 (7)

where � is the puncture strength (N/mm2), F is the load re-
quired for puncture, Acs is the cross-sectional area of the film,
	 is the % elongation, R is radius of the film exposed across
the open screw cap, and D is the displacement of the probe
from point of contact to point of puncture.

RESULTS AND DISCUSSION

Thermal and Dynamic Mechanical Analysis

Many methods have been used to study interactions in
polymeric blends including, thermoanalytical techniques, mi-
croscopy, light scattering, small-angle neutron scattering, in-
verse gas chromatography, rheology, and spectroscopic tech-
niques (37). Measurement of glass transition temperature
(Tg) is one of the most common approaches in studying the
behavior of polymer blends (38–40). Tg is the temperature at
which the molecular chain of a polymer obtains sufficient
energy to surmount the energy barrier for bond rotation (41).
Consequently, the polymer changes from a frozen glass-like
condition with very limited mobility to a totally mobile system
that achieves thermodynamic equilibrium instantaneously.
Glass transition is fundamental property of an amorphous
material that determines its end-use properties, such as me-
chanical properties, thermal properties and permeability. De-
pending on the nature of the interactions between the indi-
vidual components, polymeric blends may be miscible (single
phase), partially miscible, or immiscible (phase separated). In
an ideal situation, miscible blends will exhibit a single Tg at an
intermediate value, between the Tgs of the individual compo-
nents. In immiscible blends, the Tgs of the individual compo-
nents will remain unchanged. When the solubility limit of one
of the polymers in a miscible blend is exceeded, phase sepa-
ration will occur and an additional Tg corresponding to the
polymer in the excess will be observed. The final properties of
the blend will be determined by the miscibility and the phase
behavior of the blend.

In order to determine the miscibility of PVP, PV/VA,
and MCPVP with EC, films of individual polymer and poly-
mer blends were prepared from organic solutions. The ther-
mal profiles of pure EC, PVP, PV/VA, and MCPVP films
were determined using DSC. In the first heating cycle, the

thermograms were disturbed in the range of 30–110°C for EC
film and 30–150°C for PVP, PV/VA, and MCPVP samples,
possibly due to presence of water or other unknown effects,
such as sintering of samples (42). Although the Tgs of EC and
MCPVP film samples were prominently detectable from the
thermograms of first heating scan, the thermograms of PVP
and PV/VA film samples did not show any characteristic
slight drop in the heat flow suggestive of Tg. However, Tgs of
PVP and PV/VA film samples become visible on second heat-
ing scan at 157.1°C and 100.6°C, respectively. The Tgs of EC
and MCPVP film determined from the second heating scan
were 178.4°C and 178.3°C, respectively.

DSC scans of blends of EC with PVP were also deter-
mined and shown in Fig. 1. When PVP was blended with EC,
a single endothermic transition in the temperature range 178–
180°C, representing the Tg of EC, was exhibited. As the con-
tent of PVP increased, the endothermic curve of EC became
broader and less prominent. However, the Tg remained con-
stant for EC-PVP blends up to a ratio of 40:60. An additional
endothermic transition at around 150°C, representing the Tg

of PVP, was observed for EC-PVP (40:60) film. At PVP con-
centration of 70% and above, the EC endothermic transition
disappeared and only the PVP glass transition endotherm was
exhibited. The presence of a single concentration dependent
Tg lying between the Tgs of the individual components was
used as a criterion for establishing polymer-polymer miscibil-
ity. In contrast, the presence of two Tgs corresponding to the
Tgs of the individual components was an indication of immis-
cible blends. The results obtained deviated slightly from the
ideal. Because addition of 10–50% PVP to EC resulted in a
single Tg peak that was close to the Tg of EC, PVP could
partially be miscible with EC up to a concentration of 50%.
Immiscibility was shown in the EC-PVP (4:6) blend while EC
became partially dissolved in PVP when the concentration of
PVP was increased to 70% or more.

Generally, the DSC thermograms of EC-MCPVP blends
shown in Fig. 2 exhibited a single glass transition endotherm
for all the polymer blends. However, as the glass transition
endotherms of EC and MCPVP occurred in the similar tem-
perature region of ∼178–180°C, it is hard to distinguish if the
single endothermic transition in EC-MCPVP blends was due

Fig. 1. DSC thermograms of (a) EC, (b) EC-PVP K29 (9:1), (c)
EC-PVP K29 (8:2), (d) EC-PVP K29 (7:3), (e) EC-PVP K29 (6:4), (f)
EC-PVP K29 (5:5), (g) EC-PVP K29 (4:6), (h) EC-PVP K29 (3:7), (i)
EC-PVP K29 (2:8), (j) EC-PVP K29 (1:9), (k) PVP K29.
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to the glass transition endoderm of EC or MCPVP or fusion
of both polymers. Hence, the DSC results were not conclusive
if MCPVP was miscible with EC. It was also observed that
with the addition of EC, the broad endotherm of MCPVP in
the 30–120°C region disappeared. The broad endotherm of
MCPVP may be attributed to presence of water absorbed
from environment as MCPVP exhibited hygroscopic nature.
Addition of EC at concentration as low as 10% seem be able
to effectively reduce the amount of water absorbed by
MCPVP.

The DSC thermograms of EC-PV/VA blends were simi-
lar to that of EC-PVP blends (Fig. 3). A single endothermic
transition occurring in the region of 170–180°C was observed
for EC-PV/VA blends for ratios of 100:0 to 50:50. The endo-
thermic peak of EC gradually diminished as the PV/VA con-
centration increased to 80%. EC-PV/VA blends in the ratio
of 10:90 and 20:80 also presented a single endothermic tran-
sition at the 98–100°C region, representing the Tg of PV/VA.
On the otherhand, two endothermic transitions in the regions
of 175–178°C and 98–99°C were obtained for EC-PV/VA
blends with the ratios of 40:60 and 30:70. This indicated that
PV/VA might be partially miscible with EC for concentration
of up to 50%. Compared to PVP, PV/VA showed lesser in-

teraction with EC as the polymer blend showed immiscibility
at a lower ratio of 30:70.

Based on the above results, 10–30% w/w PVP, PV/VA,
and MCPVP were then added to aqueous EC dispersion, con-
taining plasticizer and stabilizers, to form composite EC films.
Further attempt were made to determine any interactions
between the polymeric additives and EC dispersion. How-
ever, the DSC thermogram of EC film sample prepared from
Surelease did not show any Tg value due to the presence of
additives in Surelease formulation. In order to study the ther-
mal and mechanical profile of composite EC films, DMA was
used. DMA has been reported to be more sensitive to mac-
roscopic as well as molecular relaxation processes compared
to other thermal analysis techniques that depend solely on
temperature probe (41). It is widely used to determine Tg and
miscibility between polymers (34,43–44). Generally, a dy-
namic thermal analysis profile may show three forms of tran-
sition relaxation. The 
 transition relaxation, which occurs at
the highest temperature, is characterized by a large decrease
in E� and a maximum in both the E� and tan � curves near the
inflection point of the E� curve. The 
 transition occurs in the
amorphous regions of the polymer with the initiation of co-
operative micro-Brownian motion of the molecular chains
(45). Hence, 
 transition relaxation corresponds to the Tg of
the polymer. � transition, which occurs at the second highest
temperature, is thought to arise due to motion of side groups
or smaller unit backbone chains. The � transition is another
transition which occurs below the � transition temperature. In
this region, the main chain segments are frozen in and side
group motion is made possible by defects in packing in the
glassy and crystalline states. It is related to end group rota-
tion, crystalline defects, backbone-chain motions of short seg-
ments or group, and phase separation of impurities or dilu-
ents (45–48).

Figure 4 showed the typical DMA thermograms of the
EC and composite EC films. EC films formed from Surelease
produced only a single peak in tan � curve at 77.5°C (Fig. 4A).
This peak was taken be the 
 transition or Tg of plasticized
EC film. This Tg is much lower than that of pure EC film
determined by DSC due to the plasticizing effect of medium
chain triglycerides present in Surelease. Composite EC films
with 10–30% additives, except for PVP K90, also produced a
single peak in tan � curve, however at higher temperature
(Table II). Composite EC-PVP K90 film showed a smaller
peak at 33–54°C. As pure PVP or PV/VA films are too brittle
for DMA test, it is not certain whether this smaller peak
which appeared in DMA profile of composite EC-PVP K90
film was due to the 
 transition of PVP polymer or � transi-
tion of ethylcellulose films. However, the DSC profile of pure
PVP film samples showed that its Tg is 157°C. Presence of any
additional peak due to the immiscibility of PVP component
with EC should therefore appear between the Tgs of plasti-
cized EC film (77°C) and that of PVP (157°C). Hence, it is
unlikely that the small additional peak in DMA profile of
composite EC-PVP K90 film is due to Tg of PVP K90. Be-
cause all the composite EC films showed a single Tg peak in
DMA profile, it may be concluded that PVP, PV/VA, and
MCPVP were miscible with EC formed from Surelease at
concentration of 30% w/w or below.

Generally, addition of PVP and MCPVP caused a
5–22°C increase in Tg of EC films. The increase in Tg of
composite EC films seems to be dependent on the proportion

Fig. 2. DSC thermograms of (a) EC, (b) EC-MCPVP (9:1), (c) EC-
MCPVP (8:2), (d) EC-MCPVP (7:3), (e) EC-MCPVP (6:4), (f) EC-
MCPVP (5:5), (g) EC-MCPVP (4:6), (h) EC-MCPVP (3:7), (i) EC-
MCPVP (2:8), (j) EC-MCPVP (1:9), (k) MCPVP.

Fig. 3. DSC thermograms of (a) EC, (b) EC-PV/VA (9:1), (c) EC-
PV/VA (8:2), (d) EC-PV/VA (7:3), (e) EC-PV/VA (6:4), (f) EC-PV/
VA (5:5), (g) EC-PV/VA (4:6), (h) EC-PV/VA (3:7), (i) EC-PV/VA
(2:8), (j) EC-PV/VA (1:9), (k) PV/VA.
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of additives present except for PVP K29. A peculiar feature
was noted in the DMA thermograms of EC-PVP K17 (9:1)
and (8:2) films shown in Fig. 4. Unlike the other film samples,
unique sharp peaks were observed for loss modulus of EC-
PVP K17 (9:1) and (8:2) films. The peaks occurred at much
lower temperatures of 70.4 and 78.7°C than those of tan �. On
the other hand, EC-PVP K17 (7:3) did not show similar peak
in its loss modulus profile (Fig. 4B). Both changes in loss
modulus and tan � could indicate occurrence of transition of
polymer blend from glass to rubbery state. It may be possible
that the lower temperature peaks in loss modulus of EC-PVP
K17 (9:1) and (8:2) films indicate possible lower Tg values
than that suggested by their tan � profiles.

When the Tg of the polymer blend is dependent on their
concentrations, the Gordon Taylor equation may be appli-
cable for prediction of Tg of polymer blends (49). This equa-
tion is based on the additivity of free volumes of the indi-
vidual components characteristic of ideal mixing (50). It can
be expressed as

Tg12 = �w1Tg1 + Kw2Tg2���w1 + Kw2� (8)

where Tg12 is the glass transition temperature of the polymer
blend. w1, w2, Tg1, and Tg2 are the weight fractions and glass
transition temperatures of the polymers. The constant, K, is a
measure of interaction between the components and can be
estimated using the following equation (51),

K ∼ �1Tg1��2Tg2 (9)

where �1 and �2 refer to the true densities of the components.
Any difference between the actual Tg and estimated

value would suggest deviation from ideal behavior. Deviation
from ideal behavior was often attributed to differences in
strength of intermolecular interaction between the individual
components and those of the blend. The Tg will be higher
than expected if the two polymers bind more strongly to each
other than to themselves. This is because stronger binding
lowers chain mobility. In contrast, if the polymers bind less
strongly with each other than with themselves, the Tgs of the
blends are usually lower than expected. The expected Tg val-
ues of composite EC blend was calculated and shown in Table
II. All the measured Tg values of composite EC films were
higher than the expected values, suggesting than EC might
interact strongly with the additives.

Among the additives, PV/VA resulted in the smallest
increase in Tg of EC films, followed by MCPVP and PVP. In
order for the polymers to form compatible blends favorable
intermolecular interactions must occur between the different
polymer chains (52). These interactions should result in a
negative free energy of mixing which can be expressed as

�GM = �HM − T�SM (10)

where �GM is the free energy of mixing, �HM is the enthalpy
of mixing, T is the absolute temperature, and �SM is the
entropy of mixing. As the entropy of mixing in polymeric
blends is small, the enthalpy of mixing is the primary factor
determining whether the components are miscible. A nega-
tive enthalpy of mixing can be produced by specific interac-
tions between the constituent polymers, such as hydrogen
bonding. Taylor and Zografi (53) had reported hydrogen
bond interactions can occur in mixture of amorphous oligo-
saccharides and PVP between the sugar hydroxyl groups and
the proton-accepting carbonyl moiety in the pyrrolidone rings
of PVP polymer. Because EC is a partially substituted poly-
saccharide and given the presence of unsubstituted hydroxyl
groups on the cellulose chains, it seems likely that EC may
interact with PVP in a similar manner (54).

In certain case, Tg is also a useful parameter for deter-
mining the efficiency of plasticizers. Dechesne et al. (55) re-
ported that addition of plasticizers to acrylic resin copolymers
lowered Tg. The magnitude of change was found to be depen-
dent on the quantity and type of plasticizer used. In this cur-
rent study, the increase in Tg values by the addition of PVP
(except PVP K17), PPVP and PV/VA showed that these ad-
ditives had no typical plasticizing effect on EC films. In con-
trast, when present in small amount (10–20%), PVP K17
seemed to result in slight depression in Tg of the composite
EC films. This indicated that PVP K17 might be capable of
acting as a plasticizer when added in small amount to EC.

Film Morphology

Figure 5 shows the light microscope images of EC and
composite EC films (40× magnification). The control EC
films appeared smooth and relatively transparent with trans-
mittance of 69.3%. A 25% drop in transmittance of EC film
was observed with the addition of PVP K17 (Fig. 6). The
reduction in transmittance was independent of the concentra-
tion of PVP K17 present. Addition of PVP K29 resulted in
20–51% reduction in film transparency. Unlike PVP K17,
greater reduction in transmittance was obtained with higher
concentrations of PVP K29. PVP K60 and K90 reduced the
film transparency to a much greater extent. Addition of 10%

Fig. 4. DMA thermograms: (A) tan �, (B) loss modulus profiles of
EC and EC-PVP K17 films.
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PVP K90 reduced the film transparency by 58% while almost
opaque films, with a transmittance of 2.14%, were obtained
when 30% w/w of the additive was used. Similarly, MCPVP
drastically reduced the transparency of EC films. As the
above additives vary in molecular weights, the results sug-
gested that molecular size of PVP greatly affected the clarity
of composite EC films.

In composite polymer films, the major component gen-
erally forms the matrix while the minor component dispersed
in the form of spherical domains. For example, blends of EC
and hydroxypropylmethylcellulose exhibit single layer mor-
phologies with inclusions of the minor phase dispersed in the
major polymer (56). Immiscibility between two polymers
could be manifested in separation of film layers. In one study,
composite EC-cellulose acetate phthalate (1:1) films were
found to separate into two distinct layers, with EC rich layer
on top and cellulose acetate phthalate rich layer below (57).
Figure 5 showed the light microscopy image of EC film as a
continuous, homogenous layer with few holes. With the ad-
dition of low-molecular-weight PVP (K17 and K29), small
circular crevices randomly dispersed throughout the film
layer were observed. Increasing the concentration of PVP
K17 or K29 resulted in greater number of crevices as well as
slight increase in size of the crevices. Hence, it was thought
that the crevices could be attributed to the presence of PVP
K17 or K29 randomly dispersed through the EC matrix. Simi-
lar observation was seen in the presence of low amount (10%)
of higher molecular weight PVP (K60 and K90). However,
with greater amount of PVP K60 (30%) or PVP K90 (20%),
a separate irregular network-like layer was prominently ex-
hibited above a less obvious layer. At even higher concentra-
tion of PVP K60 or K90, the composite EC films appeared as
dense layer with several small holes. This suggested that at

concentration of 20% or more, higher molecular weight PVP
may have aggregated together to form a separate layer during
film drying. Similar pattern of irregular network-like layer
was seen for composite EC-MCPVP films containing MCPVP
concentration as low as 10%. At higher concentration of
MCPVP, the composite EC films became denser as with EC-
PVP K90 films.

When taken together with the film transparency results,
higher concentrations of large-molecular-weight polymers,
PVP and MCPVP, may not be fully miscible with EC. At high
concentration, the large-molecular-weight PVP and MCPVP
have a tendency to aggregate during the drying process to
form a separate phase, resulting in separate coating on the top
surface of the film in contrast to a homogenous layer with the
additives of lower concentration, interspersed in the EC ma-
trix. The higher molecular weight PVP was observed to have
a greater observable effect probably because their larger mo-
lecular size and hence greater tendency to separate forming
PVP-rich regions during drying even at low concentration. In
contrast, addition of 20–30% PV/VA only resulted in com-
paratively less decrease in film transparency (Fig. 6). Unlike
PVP, composite EC-PV/VA (9:1) films were generally
smooth. However, as the amount of PV/VA increased, a sepa-
rate irregular network-like layer was observed, especially at
30%. This suggested that PV/VA at low concentration was
miscible with EC, forming homogeneous and smooth films.
However, beyond certain concentration, PV/VA may also ag-
gregate together and form a separate layer.

Based on the above observation, a model for interaction
between EC and PVP, MCPVP or PV/VA was postulated.
The interaction between EC and PVP polymeric additives
was found to be dependent on the molecular weight, concen-
tration, and chemical nature of the additives. When added to

Table II. Glass Transition Temperature (Tg), Transparency, and Mechanical Properties of EC and Composite EC Films (Mean ± SD,
n � 6, Unless Otherwise Indicated)

Films Tg
a

Estimated
Tg

Tensile
strength
(N/mm2)

% elongation
at break

Elastic
modulus
(N/mm2)

Work of
failure

(KJ/m2)

Tensile strength/
elastic modulus

×10−2

EC 77.5 — 3.17 ± 0.1 8.34 ± 0.8 123 ± 10 11,000 ± 1100 2.58
EC-PV/VA (9:1) 78.2 79.1 3.59 ± 0.1c 6.30 ± 0.6c 179 ± 7c 8950 ± 1100 2.09c

EC-PV/VA (8:2) 82.9 80.7 3.86 ± 0.2c 7.32 ± 0.5 208 ± 7c 11,700 ± 1400 1.86c

EC-PV/VA (7:3) 92.5 82.5 2.93 ± 0.1 9.53 ± 0.9 155 ± 9c 11,800 ± 1100 1.81c

EC-PVP K17 (9:1) 84.4/70.4b 81.1 2.56 ± 0.1c 18.70 ± 5.5 75 ± 4c 20,300 ± 6800 3.42
EC-PVP K17 (8:2) 91.5/78.7b 85.2 1.77 ± 0.1c 15.50 ± 1.5c 85 ± 9c 12,000 ± 1500 2.11
EC-PVP K17 (7:3) 96.3 89.9 3.10 ± 0.5 4.54 ± 0.9c 171 ± 27 5380 ± 1900c 1.81
EC-PVP K29 (9:1) 99.7 81.1 3.83 ± 0.1c 6.70 ± 1.4 198 ± 7c 10,300 ± 2700 2.00c

EC-PVP K29 (8:2) 95.7 85.2 3.29 ± 0.1 13.80 ± 1.6c 155 ± 8c 20,300 ± 2600c 1.85c

EC-PVP K29 (7:3) 98.7 89.9 3.87 ± 0.1c 9.44 ± 0.4 199 ± 1c 13,700 ± 760c 1.94c

EC-PVP K60 (9:1) 102.0 81.1 2.22 ± 0.2c 5.04 ± 1.1c 121 ± 17 4100 ± 950c 1.86
EC-PVP K60 (8:2) 99.1 85.2 2.37 ± 0.1c 8.27 ± 0.6 123 ± 5 7920 ± 570c 1.92
EC-PVP K60 (7:3) 102.2 89.9 2.28 ± 0.2c 10.40 ± 2.2 119 ± 16 9910 ± 2700 1.93
EC-PVP K90 (9:1) 96.6 81.1 3.22 ± 0.2 9.70 ± 1.6 155 ± 12c 13,200 ± 2700 1.93c

EC-PVP K90 (8:2) 97.6 85.2 3.95 ± 0.1c 10.60 ± 3.0 212 ± 10c 18,300 ± 5500 2.11c

EC-PVP K90 (7:3) 99.4 89.9 4.03 ± 0.1c 4.93 ± 0.9c 222 ± 12c 7510 ± 780c 1.88c

EC-MCPVP (9:1) 82.7 82.1 2.29 ± 0.2c 5.73 ± 2.3 111 ± 6 4530 ± 3000 2.07c

EC-MCPVP (8:2) 94.6 87.4 3.21 ± 0.2 5.31 ± 1.3c 178 ± 6c 6730 ± 2200 1.80c

EC-MCPVP (7:3) 98.6 93.3 3.27 ± 0.6 6.03 ± 3.9 188 ± 11c 8690 ± 6900 1.73c

a n � 1, values obtained from maxima of tan � unless otherwise stated.
b Values obtained from loss modulus.
c Significant at p < 0.05 compared to EC film.
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EC, low-molecular-weight PVP would be randomly distrib-
uted through the EC matrix as shown in Fig. 7B. As the
concentration of polymeric additives increased, low-
molecular-weight PVP remained as a disperse phase por-
trayed as greater number of crevices in the continuous EC
phase (Fig. 7C). The crevices may increase in size probably
due to fusion with neighboring crevices. On the other hand,
the interaction between EC and higher molecular weight PVP
as represented by PVP K60, K90, and MCPVP were more
drastic. At low concentration, higher molecular weight PVP
existed as a disperse phase in EC matrix (Fig. 7C). However,
as the concentration increased, the higher molecular weight
additives tend to aggregate together forming a separate con-
tinuous phase (Fig. 7D). Formation of separate continuous
layers became more prominent with increasing concentration

Fig. 5. Light microscope images of EC and composite EC films: (A) EC, (B) EC-PVP K17 (9:1), (C) EC-PVP K29
(9:1), (D) EC-PVP K90 (9:1), (E) EC-MCPVP (9:1), (F) EC-PV/VA (7:3).

Fig. 6. Effects of types and concentrations of polymeric additives on
the film transparency of EC films.
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portrayed as huge patches or coat above the main film layer
(Fig. 7E). Increased in molecular weight of additives may
accelerate the formation of separate layers. When the mo-
lecular weight is high enough, a separate continuous phase
may be formed even at low concentration of 10%, as in the
case of MCPVP.

Tensile Test

The stability of film coat on a dosage form to withstand
handling and prolonged storage is of major concern to the

formulator. The desired mechanical characteristics of a poly-
mer film are hardness, toughness, and extendability (58–59).
Many studies have shown that the occurrence of adhesion and
cohesion related film coating defects are mainly due to the
building up of internal stresses within the film coat (60–61).
These internal stresses have been shown to be due to

1. shrinkage of film after its solidification point as fur-
ther solvent evaporates from the system (62);

2 the differences between the thermal expansion coeffi-
cient of the film coat and the tablet substrate, and the dif-

Fig. 7. Model of interaction between PVP, MCPVP, or PV/VA with EC: (A) continuous
phase of EC film without polymeric additives, (B) minor component existing as random
spheres/crevices in the continuous phase of EC, (C) minor component existing as random
spheres/crevices of larger size in the continuous phase of EC, (D) minor component
forming a separate continuous phase, (E) overcoat of one continuous phase over another.
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ference between the glass transition temperature of the film
coat and the actual temperature of the film at any time (63);
and

3. any volumetric changes in the tablet core occurring
during coating and subsequent storage (64–65).

When the total internal stress exceeded the tensile
strength of the film, defects such as cracking, edge splitting,
and peeling can occur. Hence polymeric films with high ten-
sile strength may be able to withstand the internal stresses
better and less likely to result in film defects. Commercial EC
pseudolatexes produced rigid and brittle films, thus impairing
the stress resistance of the coating (36). This property is un-
desirable in application where coating of high flexibility and
toughness is required (e.g., in tablets compressed from coated
beads or cores with deep logos and break lines). Therefore it
is important to investigate if addition of polymeric additives
has any effect on the mechanical property of EC film.

Table II shows the mechanical properties of EC and
composite EC films. EC films formed from aqueous disper-
sion were found to be weaker and more brittle than those
prepared using organic solvents, probably due to different
mechanisms of film formation (66). Generally, the addition of
PVP increased the tensile strength of composite EC films
slightly, except for composite EC films containing PVP K17
or K60. Tensile strength of composite EC films increased to
small amount with increasing content of PVP K90. In con-
trast, the increase in tensile strength of EC-PVP K29 films did
not appear to be dependent on the concentration of PVP K29.
Composite EC films containing PVP K17 and K60 showed
significantly lower tensile strength compared to EC films. In
fact, the tensile strength of composite EC film containing
10%w/w PVP K17 was almost 50% lower than that of EC
film. Addition of PVP K17 also affected that the % elonga-
tion at break of EC film significantly. Presence of PVP K17 up
to 20% made EC film more flexible with a higher % elonga-
tion at break. However, with 30% PVP K17, the EC film
become much less flexible as the % elongation at break value
dropped to 4.54. Similar trend was also observed for the hard-
ness of composite EC-PVP K17 films, with significant drop in
elastic modulus when 10–20% PVP K17 was added to EC
films. These observations suggested that PVP K17 at low con-
centration (20%) has a plasticizing effect on EC film.

The addition of PVPs of higher molecular weight than
PVP K17 did not affect the % elongation at break of EC films
expect for films containing 20% PVP K29 and 30% PVP K90.
EC-PVP K90 (7:3) film was comparatively more brittle than
EC films, as shown by its significantly lower % elongation
value. Unlike EC-PVP K17 films, all the rest of EC-PVP films
showed significantly higher elastic modulus values than the
EC film. Addition of 10–20% PVP K90 caused the elastic
modulus of EC films to increase by 26–72%. However, fur-
ther increase in PVP K90 content to 30% did not result in
further significant rise in elastic modulus.

The increase in elastic modulus and tensile strength in-
dicated that the addition of PVP increased the hardness of EC
film. EC film is rigid in nature due to the bulky glucose sub-
units of the polymer, as well as the alkyl substituents serve as
sites for potential inter- and intramolecular interactions
(36,38). PVP is also a large molecule consisting of polar imide
group, four non-polar methylene groups and a methane
group. Hence, these molecules can interact through dipole-

dipole attraction and forms hard and clear films (67). More-
over, the ether and hydroxyl groups of EC could also interact
with the imide and carbonyl group of PVP via hydrogen
bonding. These interactions may also enhanced the strength
of the composite films.

Interestingly, when MCPVP was added to EC, the tensile
strength decreased or remained unchanged while the % elon-
gation at break dropped to 5.31. Addition of 10% MCPVP
did not result in significant change in elastic modulus. How-
ever, the elastic modulus increased significantly when the
amount of MCPVP was increased to 20% or higher. The
increase in elastic modulus of EC-MCPVP was comparatively
smaller than that of EC-PVP K90 films. Although MCPVP
has higher molecular weight than PVP K90, it has fewer sites
available for intermolecular interaction due to the cross-
linking. This probably explained the above observations. The
EC-MCPVP films, at all concentration of MCPVP, were also
less flexible and more brittle than the EC films. This sug-
gested that some of MCPVP molecules were interposed
among the EC-rich region. Being large in size, the interposed
MCPVP would weaken the intermolecular bonding between
the EC chains, causing the film to be more brittle. However,
larger amounts of MCPVP enabled the formation of MCPVP
rich region above the EC layer, thereby forming a dense film.
The intermolecular bonding between MCPVP molecules was
thought to be greater than those between EC and MCPVP.
Hence, resulting in exhibition of slightly harder and tougher
properties.

Addition of PV/VA increased the tensile strength and
elastic modulus of the film. Beyond 20% of PV/VA, the films
showed lower tensile strength, elastic modulus and work of
failure. PV/VA which has similar molecular weight as PVP
K29, is less hygroscopic than PVP, due to its vinyl acetate
copolymer. In addition to the polar imide group and carbonyl
group from its N-vinyl-2-pyrrolidone component, PV/VA also
has a carbonyl group from its vinyl acetate copolymer, which
can participate in intermolecular hydrogen bonding. There-
fore, PV/VA would likely interact to a greater extent with
EC, forming stronger films than PVP K29. However, this was
not reflected in the tensile strength and elastic modulus values
of EC-PV/VA films, which were comparable to EC-PVP K29
films.

An important parameter for evaluating the mechanical
properties of film coatings applied to tablets is the incidence
of cracking or edge splitting (60,68). The occurrence of film
coating defects has been associated with the magnitude of
internal stress in the film. Rowe (64) suggested that the over-
all internal stress, P, in a film coat can be represented as
follows:

P = EM�3�1 − �����s − �r���1 − �r� + �
cubic�T� (11)
where EM is the Young’s modulus of the film, � its Poisson’s
ratio, �s the volume fraction of the solvent at the solidifica-
tion point of the coating formulation, �r the volume fraction
of solvent remaining in the dry film at ambient conditions,
�
cubic the difference between the thermal cubical expansion
coefficients of the coating and the tablet core, and �T the
difference between the glass transition temperature of the
coating and the ambient temperature. Cracking will occur if P
is greater than or equal to the tensile strength, �, of the film
(63).

P � � (12)
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Combining and rearranging both equations gives

��EM  1�3�1 − �����s − �r���1 − �r� + �
cubic�T� (13)

Hence, �/EM may be used to predict the incidence of edge
splitting of a film coat (60). The larger its value the higher the
stress crack resistance of a film. In this study, the EC films
without additives showed the highest ratio of 0.0258. Addition
of PVP, MCPVP, and PV/VA caused a significant drop in the
ratio to varying extent. Hence, there was a limit to the con-
centration of additives that could be added to EC in order not
to compromise the stress crack resistance of the final film.
The lowest ratio was obtained for EC-MCPVP (7:3) films,
suggesting that MCPVP might cause greater impairment to
flexibility of EC films particularly at concentration greater
than 10%.

Puncture Test

Polymeric coatings may be applied to particles that will
be compressed into tablets. Hence, they should have the re-
quired resistance to damage caused by compression. Rade-
baugh et al. (69) has reported a new device that can determine
the process of puncture on polymeric films directly. It mea-
sures the resistance of a film sample, which is mounted on a
fixed holder, to deformation with a puncturing probe at-
tached to a force transducer. Due to its design, this test also
enables the study of wet film samples, which is difficult to test
using the tensile test method. The mechanical properties of
wetted film under puncture stress is useful for predicting how
polymeric films that would behave during dissolution studies
or under in vivo conditions (70).

Two parameters, puncture strength and % elongation,
were derived from the load-displacement profiles (Table III).
When the EC films were soaked in water for 24 h at 37°C, the
puncture strength only decreased slightly from 0.378 to 0.332,
while a big increase in the % elongation was observed from

0.192 to 0.821. This showed that water has a plasticizing effect
on EC film, resulting in films with greater flexibility upon
wetting. Addition of PVP, except for PVP K17 and 10% PVP
K90, generally increase the puncture strength of dry EC films.
The increase in puncture strength appeared to be related to
the amount of PVP added, with greater increase observed
with a higher concentration of PVP. The influence of concen-
tration of PVP on the % elongation of dry EC films was less
obvious as the values fluctuated. Nevertheless, addition of
30% PVP resulted in the highest % elongation for dry EC
films. On the contrary, opposite trend was observed for wet
EC-PVP films. Except for PVP K17, the highest puncture
strength and % elongation was obtained for wet composite
EC-PVP containing the lowest concentration of PVP and in-
creasing amount of PVP generally decreased the puncture
strength and % elongation.

The results from indentation test of dry EC films were
similar to that determined from tensile test. Both tests showed
that the composite films became harder with the presence of
PVP. However, EC films containing PVP K17 showed a slight
drop in puncture strength and increase in % elongation.
These observations suggested that PVP K17 might have some
plasticizing effect on EC films as discussed earlier. The me-
chanical properties of wet composite EC-PVP films provide
additional insight into the structural arrangement between
EC and PVP. When soaked in water for 24 h, the water-
soluble PVP interspersed within the EC matrix would dis-
solve forming crevices filled with water. This largely weak-
ened the EC matrix and resulted in decrease in puncture
strength and % elongation. PVP K90 asserted a greater weak-
ening effect on EC matrix than PVP K29, as shown by the
lower puncture strength and % elongation of wet EC-PVP
K90 films.

The above phenomenon was also observed for both dry
and wet composite EC-PPVP films. However, increasing PV/

Table III. Mechanical Properties of Dry and Wet EC and Composite EC Films
(Mean ± SD, n � 4)

Films

Puncture strenth (N/mm2) % elongation

Dry Wet Dry Wet

EC 0.378 ± 0.00 0.332 ± 0.03 0.192 ± 0.06 0.821 ± 0.28
EC-PV/VA (9:1) 0.182 ± 0.01 0.192 ± 0.03 0.079 ± 0.02 0.481 ± 0.20
EC-PV/VA (8:2) 0.458 ± 0.02 0.286 ± 0.03 0.056 ± 0.00 2.170 ± 0.58a

EC-PV/VA (7:3) 0.839 ± 0.09 0.432 ± 0.04 0.258 ± 0.07 1.380 ± 0.45a

EC-PVP K17 (9:1) 0.265 ± 0.00a 0.135 ± 0.04 0.159 ± 0.03 0.136 ± 0.01a

EC-PVP K17 (8:2) 0.317 ± 0.01 0.184 ± 0.03 0.297 ± 0.06 0.262 ± 0.02a

EC-PVP K17 (7:3) 0.376 ± 0.02a 0.169 ± 0.02 0.198 ± 0.03 0.143 ± 0.04a

EC-PVP K29 (9:1) 0.531 ± 0.02a 0.322 ± 0.03 0.184 ± 0.01a 1.470 ± 0.08
EC-PVP K29 (8:2) 0.410 ± 0.02a 0.152 ± 0.02 0.122 ± 0.02 0.189 ± 0.02a

EC-PVP K29 (7:3) 0.983 ± 0.20 0.231 ± 0.06 0.280 ± 0.15 0.570 ± 0.61
EC-PVP K60 (9:1) 0.396 ± 0.05 0.145 ± 0.02 0.162 ± 0.05a 0.272 ± 0.15
EC-PVP K60 (8:2) 0.558 ± 0.06 0.130 ± 0.01 0.272 ± 0.03a 0.195 ± 0.02a

EC-PVP K60 (7:3) 0.607 ± 0.06 0.109 ± 0.00 0.280 ± 0.04a 0.180 ± 0.05a

EC-PVP K90 (9:1) 0.298 ± 0.04a 0.164 ± 0.01 0.159 ± 0.01a 0.230 ± 0.02
EC-PVP K90 (8:2) 0.434 ± 0.02a 0.156 ± 0.04 0.136 ± 0.02a 0.203 ± 0.09a

EC-PVP K90 (7:3) 0.666 ± 0.11 0.102 ± 0.02 0.254 ± 0.03a 0.170 ± 0.06a

EC-MCPVP (9:1) 0.267 ± 0.01a 0.201 ± 0.02 0.144 ± 0.02a 0.553 ± 0.21
EC-MCPVP (8.2) 0.470 ± 0.07a 0.093 ± 0.01 0.172 ± 0.01a 0.245 ± 0.05a

EC-MCPVP (7:3) 0.824 ± 0.04 0.047 ± 0.01 0.374 ± 0.09a 0.809 ± 0.12a

a Significant at p < 0.05 compared to EC film.
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VA concentration resulted in increasing puncture strength
and % elongation for both dry and wet films. Addition of
10% PV/VA reduced the puncture strength and % elongation
of the dry and wet films by 50%. However with greater
amount of PV/VA, the puncture strength of composite EC-
PV/VA films increased to as high as 0.839 N/mm2 when dry
and 0.432 N/mm2 when wet. The % elongation of wetted
EC-PV/VA films also increased to almost twice as high sug-
gesting that the wet EC-PV/VA films were more “intact” or
compact, allowing the water molecules to be retained in the
matrix where they exerted a plasticizing effect.

It was also noted that with 30% of additives, puncture
strength of dry composite EC films decrease in the following
order: EC-PVP K29 > EC-PV/VA > EC-MCPVP > EC-PVP
K90 > EC-PVP K60 > EC-PVP K17. In contrast, the puncture
strength of wet composite EC films generally decreased in the
following order: EC-PV/VA > EC-PVP K29 > EC-PVP K17
> EC-PVP K60 > EC-PVP K90 > EC-MCPVP. As discussed
earlier, MCPVP in high concentration probably formed a
separate layer above the EC matrix. When the composite film
was soaked in water, MCPVP, which was soluble in water,
would dissolve, leaving a thin and weak EC matrix. All com-
posite EC films except for those containing 30% PV/VA,
have lower puncture strength than EC films when soaked in
water for 24 h.

CONCLUSIONS

Polymers consists of molecular chains that permits
buildup of secondary intermolecular forces, such as hydrogen,
van der Waals, and dipole-dipole bonds. The magnitude of
these interactions is mainly influence by the molecular weight
of the polymer, the packing and orientation of the molecular
segments, and the flexibility of the polymer chains (71).
Hence, it would be useful to have a fundamental understand-
ing of the components of film coating formulations and the
interplay between them, which can help in prediction of the
end-use properties of film coatings such as permeability, me-
chanical characteristics, and drug release profile (68).

In this study, it was found that EC films formed from
aqueous dispersion were smooth and relatively transparent.
Addition of PVP, especially high-molecular-weight PVP, and
MCPVP resulted in drastic reduction in film transparency,
suggesting that molecular weight of PVP greatly affects the
clarity of composite EC films. The interaction between EC
and PVP polymeric additives was found to be dependent on
the molecular weight, concentration, and chemical nature of
the additives. When added to EC, low-molecular-weight PVP
would be randomly distributed through the EC matrix as a
disperse phase. Increased concentration up to 30% did not
alter the phase distribution. In contrast, greater interaction
was exhibited between EC and higher molecular weight PVP
as represented by PVP K60, K90, and MCPVP. At low con-
centration, higher molecular weight PVP may exist as a dis-
perse phase in EC matrix. However, as the concentration
increased, the higher molecular weight additives tend to ag-
gregate together, forming a separate continuous phase. For-
mation of separate continuous layers became more prominent
with increasing concentration. Increase molecular weight of
additives accelerated the progression to formation of separate
layers.

At low concentration, PVP increased the hardness of EC

films probably due to intermolecular interaction between EC
and PVP. However, addition of large amount of high-
molecular-weight PVP or MCPVP would result in polymer
phase separation. Incorporation of PVP increased the punc-
ture strength and % elongation of dry films but lowered the
puncture strength and % elongation of wet films. On the
other hand, PV/VA increased the % elongation of wet films,
while the dry films remained brittle. This suggested that wet
EC-PV/VA films were more “intact” or compact than EC-
PVP films, allowing the water molecule to be retained in the
matrix where they exerted their plasticizing effect. The con-
centration of PVP, MCPVP, or PV/VA used had a significant
influence on the flexibility of the resultant films. Addition of
PVP, MCPVP, and PV/VA resulted in increase in Tg, tensile
strength, and elastic modulus. Relationship between changes
in these parameters and water vapor and drug permeabilities
will be further investigated and discussed in a subsequent
study.
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