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Scratch resistance (SR) of externally plasticized hydroxypropyl methylcellulose (HPMC) films intended
for tablet film coatings was studied. Special attention was paid to effects of short-term aging and ultra-
violet (UV) treatment on the SR properties of these films. Controlled scratching of the films was per-
formed with a Lloyd LRX materials tester featuring a spherical steel tip. Scratch surface profiles were
measured by scanning white light interferometry (SWLI). The influence of using an external plasticizer
on the SR was studied by comparing scratch dimensions in non-plasticized films to samples plasticized
either with glycerol or polyethylene glycol (PEG) 400. The study demonstrates that both the amount and
type of plasticizer influences the SR of aqueous HPMC films. It also shows that SWLI can quantitatively
evaluate the effect of plasticizer content and aging on the SR of pharmaceutical films. This knowledge
could be used to optimize pharmaceutical film coating formulations.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Film coatings are extensively used in pharmaceutical manufac-
turing of solid dosage forms (i.e. tablets, granules, pellets and drug
crystals). Hydroxypropyl methylcellulose (HPMC) is the most
widely used cellulose polymer in pharmaceutical film coatings.
These coatings mask the taste, odor or color of the drug in addition
to providing physical and chemical protection for the drug. The
scratch resistance (SR) of HPMC films can be improved with exter-
nal plasticizers such as glycerol or low molecular weight polyeth-
ylene glycols (PEGs) [1-3].

Defects in tablet film coatings can significantly degrade the aes-
thetic appeal, performance, and shelf life of the drug product [4]. A
material’s resilience towards scratch deformation is described by
its SR [5], which is derived from the material response. Despite
improvements in film coating technology, problems still exist with
long-term performance of polymer coatings exposed to hostile
environments, e.g. humidity, temperature, acidity, and mechanical
impacting [6-8]. Several tests can be used to evaluate coating per-
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formance. Contact tests efficiently rank materials with respect to
their mechanical performance [9]. While indentation tests provide
quantitative information about stiffness and elastic recovery of
materials, SR tests provide qualitative information concerning fail-
ure mechanisms like initiation of rupture [10]. SR tests also differ-
entiate ductile fractures from brittle ones [11]. Scratch dimensions,
however, provide the base for quantitative methods that evaluate
film aging and development [7]. To date, little work has been done
on methods and techniques that can improve our understanding of
scratch formation mechanisms and SR related to pharmaceutical
tablet film coatings.

Scanning white light interferometry (SWLI) is a rapid non-con-
tact, areal data capturing optical technique for surface character-
ization and scratch determination [12-16]. SWLI can, with proper
magnification and suitable scan lengths, measure a large variety
of grooves and dents without sample preparation. Only few reports
exist on application of SWLI for polymer SR testing and character-
ization [14]. To our knowledge, no studies on scratch visibility in
pharmaceutical tablet film coatings by using a non-contact SWLI
technique have been reported.

Therefore, we set out to study scratch formation and resistance
of externally plasticized hydroxypropyl methylcellulose films in-
tended as conventional film coatings of tablets. We focused on cast
films to limit the number of variables in the scratching process. For
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coated tablets, the hardness of the substrate influences the scratch
formation [8]. Repeating the measurements for coated tablets is a
subject of a future study. The effect of the plasticizer on the SR of
the coating was chosen as our focus. This kind of study can be done
by comparing non-plasticized films to the samples prepared with
glycerol or PEG 400 as external plasticizers. After the influence of
the plasticizer is established, one can further study the effects of
a short-term ultraviolet (UV) treatment and aging at various stor-
age conditions (i.e. humidity, temperature). The environmental
conditioning study can be done with the involved films plasticized
with glycerol. These cases provide a means to show that SWLI can
be used as a novel non-invasive technique to determine the SR of
pharmaceutical films.

The scratch hardness H; was used to characterize SR [5,17]. Hs is
defined as:

w
H =, 1)

where W is the normal scratching force, A is the projected contact
area [5,17]. For a spherical tip, the contact area can be given in
terms of scratch width:

nd”

The scratch hardness can be calculated from a linear fit to the
(A, W) data set:

W =H;-A, 3)
where H; is given by the slope of the fit.

2. Materials and methods
2.1. Materials

Hydroxypropyl methylcellulose (HPMC) was used as a film for-
mer (Methocel E5, Colorcon Ltd., UK). Glycerol (Ph.Eur.) and poly-
ethylene glycol, PEG 400 (Ph.Eur.) were studied as external
plasticizers. Purified water was used as an aqueous solvent.

2.2. Sample preparation

Films were prepared separately for both experiments. The gen-
eral procedure is similar, and the following description notes the
differences where applicable. Since the samples were prepared in
laboratory conditions, the relative humidity could be controlled
neither during the initial preparation step nor during the measure-
ment. For the final drying stage and long-term storage, the samples
were placed in a vacuum desiccator to keep the humidity constant.

Customized Teflon (DuPont) molds were used for the film solu-
tion during the SR study. However, these films spontaneously de-
tached from the molds due to delamination, becoming effectively
free films. The SR study involved only measuring scratch widths
with optical microscopy. This measurement was unaffected by
the delaminations. Free films would not have worked for the relax-
ation study due to their uncontrolled deformation, hence these
films were cast on glass plates. The films cast on glass plates exhib-
ited only minor delamination.

The composition of the aqueous coating solution was HPMC 10%
(w/w) as a film former and purified doubly distilled water as a sol-
vent. In the SR study, the plasticizer was glycerol or PEG 400 in
equal concentrations (30% w/w of the polymer weight). For the
relaxation study, glycerol was used as a plasticizer (20% w/w).
HPMC was dissolved into one third of the warm (T =75 + 5 °C) sol-
vent. The remaining water was added, after which the solution was
stirred for 1.5 h using a magnetic stirrer. Next, plasticizer was
added, and the solution was stirred for 30 min. For the SR study,

the solution was cast into customized Teflon molds (10.5 ml each).
The films used for the relaxation study were cast on clean glass
plates using a finnpipette (2 ml on each glass plate). Films were
dried in laboratory conditions (23.0+0.5°C, 30+5% relative
humidity) for 24 h (relaxation samples) or 48 h (SR). The resulting
film thickness was 90 + 10 um for the relaxation study samples.
The SR sample thickness was 125+5pum, 175%5pum, or
170+ 5 um for films with no plasticizer, glycerol, or PEG 400,
respectively. Finally, the films were stored for 4 days in a vacuum
desiccator, with an over-saturated salt solution of K,CO3; generat-
ing a relative humidity (RH) of 43% at 23.0 + 0.5 °C.

2.3. Scratching tests

Controlled film scratching was performed with a materials test-
ing machine (Lloyd Instruments Ltd., UK) featuring a 1 mm diame-
ter spherical steel tip and a 10-N load cell. The force applied during
the SR study was 3.0 N, 4.0 N, and 5.0 N, whereas it was 3.0 N dur-
ing the relaxation study (normal incidence). The scratching speed
was 16 mm/min. At least three parallel scratches, spaced 15 mm
apart, were made on each film. The scratching was done in labora-
tory conditions (23.0 £ 0.3 °C, RH 24 + 5%). The scratching system
and set-up for the films are shown in Fig. 1. Fig. 1C shows the
scratch orientation on a prepared film.

Polymers exhibit viscoelastic behavior, which suggests that the
tip speed affects the scratch formation process [5]. The materials
testing machine limited the speed to a fixed value. This made
speed comparison practically impossible to carry out. A thorough

Stylus with
steel tip

Fig. 1. (A) Controlled scratch test device and set-up. (B) Schematic of the scratching
arrangement. (C) Photograph of scratched and conditioned films. Scratch positions
are highlighted in the image. Film prepared in the Teflon mold (SR study, I). Films
prepared on glass plates (relaxation study, II and III). The image was gamma
corrected [18] with a factor of 0.25 to improve the visibility of delaminations
(darker patch, indicated with an arrow). (For interpretation of color mentioned in
this figure the reader is referred to the web version of the article.)
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study of the effect of viscoelasticity of HPMC on scratch behavior is
the subject of a future study.

2.4. The conditioning process

To emulate film aging, the samples were exposed to ultraviolet
(UV) light and stored either at a high relative humidity (75% RH) at
room temperature (23.0 £ 0.5 °C) or in 50 °C (oven). For reference, a
set of film samples were stored in the high humidity conditions
without UV treatment. No non-irradiated samples were stored at
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Fig. 2. Operational principle of a scanning white light interferometer. (For
interpretation of color mentioned in this figure the reader is referred to the web
version of the article.)

high temperature. The films were irradiated for 15 min with a
light-emitting diode (LED, Hero HUVL370-510), featuring a
370 nm peak wavelength. The LED was driven in pulse mode at
120 Hz, with a duty cycle of 40% and current amplitude of
350 mA (0.2 mW/cm? illumination). The UV exposition of the film
samples was performed using either (#1) pulsed LED UV irradia-
tion, or (#2) 20 s high power irradiation with a standard UV pistol
(UCL 300 Teklite high intensity UV curing unit, Electro-Lite Corpo-
ration, 320-420 nm), or (#3) 15 min irradiation with continuous
UV irradiation from the LED (40 mA DC, 0.1 mW/cm? illumination).
Some of the films experienced delaminations during the condition-
ing process (Fig. 1C). The defects were probably due to the
combined effect of residual impurities on the glass plate and envi-
ronmental conditioning.

2.5. Scanning white light interferometry

Scratch profiles were measured with a scanning white light
interferometer both prior to UV treatment and during a 4 weeks
short-term aging test. In SWLI, a light beam passes through an
interferometric objective (Nikon, Michelson type, magnification
5x) containing a beamsplitter that reflects half the incident beam
to a reference surface and that passes the other half to the test sur-
face (Fig. 2). Light reflected from the test and reference surfaces
recombine and interfere, forming an interferogram. The objective
is moved (scanning) and several interferograms are sequentially
imaged. For each CCD camera pixel, the modulation signal is ex-
tracted from the intensity signal as the optical path difference is
varied through the objective’s focus. The peak of the modulation
signal is detected, and a measurement of relative surface height
at that point is produced. The modulation signal is inherently ape-
riodic for white light sources and is, therefore, not subject to the
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Fig. 3. (A) Typical scanning white light interferometry (SWLI) 3D image of a scratch used for depth measurement. (B) 2D image of the scratch. (C) The scratch depth measured
from the flat film surface to the scratch floor served as a control parameter. The level of the unscratched surface (a) and the bottom of the scratch (b) are indicated. (For
interpretation of color mentioned in this figure the reader is referred to the web version of the article.)
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Fig. 4. Typical optical microscopy images of scratches in a non-plasticized aqueous
HPMC film. Scratching (loading) forces were 3 N, 4 N, and 5 N. (For interpretation of
color mentioned in this figure the reader is referred to the web version of the
article.)

ambiguity problems that affect phase measurement methods. The
technique can measure rough surfaces and steps up to several mil-
limeters in height. The height data are calculated from the interfer-
ence data with nanometer resolution. A typical SWLI 3D image of a
controlled scratch used for depth measurement is shown in Fig. 3A.
The scratch depth was defined to be the difference in height mea-
sured from the flat film surface to the scratch floor (Fig. 3B and C).

2.6. Optical microscopy

The width of the generated scratches was determined by optical
microscopy (Leica DMLB, Leica Mikroskopie und Systeme GmbH,
Germany, 5x magnification) equipped with an RGB charge-cou-
pled device (CCD) camera (Sony XC-003P, K-Vision BV, the Nether-
lands, 752 x 582 px, pixel size 6.5 x 6.25 um) and Leica QWin
Runner program.

3. Results and discussion

Scratch visibility in polymers measured using optical imaging
techniques has been reported [19]. Typical optical microscopy
images of scratches seen in non-plasticized aqueous HPMC films
are shown in Fig. 4. Increasing the normal scratching force (from
3 N to 5N) increased the scratch width in non-plasticized HPMC
films. Including a plasticizer (glycerol or PEG 400) made the films
more sensitive to the scratching force and resulted in wider
scratches compared to the corresponding non-plasticized films
(Fig. 5). This finding is supported by previous studies where the
loading force and the plasticizers similarly affected the scratch
dimensions in polymer films [20-22].

The H; values for both plasticized and non-plasticized HPMC
films were calculated according to Eq. (3), Fig. 6. The scratch hard-
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Fig. 5. Effects of scratching (loading) force and plasticizer on scratch width (n = 3).
Error bars indicate the standard deviation from three measurements.
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Fig. 6. The normal loading force (N) applied during scratching as a function of the
contact surface area (mm?) of the scratch.

ness value for non-plasticized HPMC films was 91.0 + 11.0 MPa,
while the values for the plasticized films were 34.0 £ 2.0 MPa
(PEG 400) and 35.5 +2.0 MPa (glycerol), respectively. The errors
are calculated from the uncertainty of the least-squares fit. Both
the amount and type of plasticizer influenced the SR of aqueous
HPMC films. This finding should be taken into account when devel-
oping formulations for the present tablet film coatings by optimiz-
ing the plasticizer content for maximum SR.

The scratch depth measured with interferometry from the flat
film surface to the scratch floor was used as a control parameter
(see Fig. 3C for explanation). The scratch depth was normalized
to the value obtained from the measurement before storage. Figs.
7-9 show the changes in scratch depth during short-term aging
at different storage conditions. After the scratching process, visco-
elastic polymer relaxation is likely to occur, the scratch eventually
shallows [7]. According to Briscoe et al., the effect of viscoelastic
relaxation on the scratch width is insignificant, rendering width
an uninteresting parameter in the relaxation study [23]. Mean
scratch depths and standard deviations before the conditioning
are listed in Table 1.

Comparing the change in scratch depth for different samples as
a function of storage time reveals a relationship between the relax-
ation and the nature of the pre-storage treatment (Figs. 7-9).
Relaxation is defined as the relative decrease in scratch depth with
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Fig. 7. Normalized scratch depth in HPMC films as a function of aging time and
conditioning. Scratch depths are normalized averages for each treatment and
storage condition. Standard deviation of measurement is 1-5%. A commercial UV
pistol was used to irradiate the high power samples (see text for specifications).
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Fig. 8. Normalized scratch depth of HPMC films stored at a high relative humidity
(75% RH) and at 23 +1 °C as a function of aging time. The values are average of
single sample (three scratches). A commercial UV pistol was used to irradiate the
high power samples (see text for specifications).
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Fig. 9. Normalized scratch depth of HPMC films stored at a high temperature
(50 °C) as a function of aging time. The values are average of single sample (three
scratches). A commercial UV pistol was used to irradiate the high power samples
(see text for specifications).

time. The measured average depths are shown in Fig. 7, whereas
Figs. 8 and 9 depict single measurements (indicated with labels A
and B). The standard deviations for the absolute scratch depths
are 1-15%, whereas the standard deviations of the normalized
depth values are smaller (1-5%). Large deviations in dimensions
between individual scratches have been reported [20]. These devi-
ations are due to the sliding and sticking action of the tip during
the scratching process, as well as to environmental factors, such
as changes in humidity [20]. The uncertainty in the SWLI measure-
ment (20 nm) is small compared to the scratch-to-scratch varia-
tion. For instance before environmental conditioning, the average

Table 1
Average scratch depth in micrometers (um) and the number of measured scratches.

scratch depth and width were 7.7+ 1.2 um and 275+ 20 um,
respectively.

The scratch relaxation was smallest (19 £ 1%) for the UV-treated
films stored in an oven (50 °C, sample A), probably due to polymer
hardening (water evaporation from the film hardens the polymer)
[1]. The UV-irradiated samples stored in a high humidity (75% RH)
at room temperature (23 °C, sample B) relaxed more the samples
stored at high temperature between the conditioning and the first
post-storage measurement. The non-irradiated films stored at high
humidity manifested the highest degree of relaxation. On average,
the film relaxation for UV-conditioned films stored in high humid-
ity ranged from 68 + 4% (pulsed UV treatment) to 71 + 1% (contin-
uous UV treatment), while the value was 73 = 2% for humidity-
conditioned films without UV irradiation. Regardless of the condi-
tioning or storage environment, the most significant amount of
relaxation took place during the first week in storage. The most
likely cause for the difference between samples stored in high
humidity compared to those stored at high temperature is the
water content in the films. Water works as a plasticizer, softening
the material [1]. The present results suggest that knowing the film
scratch depth allows estimating the effect of environmental condi-
tions to the scratch hardness during aging. This knowledge could
be used to predict how the coating resists scratch damage during
storage.

Polymers change from exhibiting glass-like properties to show-
ing rubber-like characteristics at the glass transition temperature
T, [24]. The T, value depends on the plasticizer type and content,
including water [25]. The relaxation behavior seen in the samples
stored at high temperature might be due to changes in glass tran-
sition temperature due to water evaporation [25]. Without know-
ing the exact water content in the films, it is difficult to estimate
the evaporation effect on T. A more detailed study should take into
account the change in humidity during all process steps.

The effect of plasticizer amount, type, and environmental aging
on scratch hardness is discernible by SWLI-enhanced scratch test-
ing. However, since the method is partly destructive (scratching)
and time consuming (approximately 10s to 1 min per measure-
ment), it cannot as such currently be applied for online measure-
ment as a process analytical technology (PAT). Method
development is required to achieve PAT ability.

4. Conclusions

The scratch resistance of aqueous HPMC films is greatly depen-
dent on both the amount and type of plasticizer used in the film
composition. The scratch depth can be used to predict the effect
of environmental conditions on relaxation during aging. With aged
aqueous HPMC films plasticized with glycerol, the most significant
relaxation takes place during the first week after scratching. Inter-
ferometric 3D imaging quantitatively characterizes scratch relaxa-
tion in plasticized film samples. The next step is to apply the
scratch characterization measurement to film-coated tablets.

Conditioning/t After scratching 1 week 2 weeks 3 weeks 4 weeks Number of measured scratches (N)
No UV, 75% 6.43+0.70 2.00+0.50 1.89 £ 0.50 1.77 £ 0.40 1.72£0.30 12
LED, pulsed, 75% 8.37+1.00 3.24+0.87 2.73+0.70 2.54+0.60 2.71+0.60 6
LED, pulsed, 50 °C 8.13+1.23 7.05 +1.00 6.74 £ 1.00 6.72 £ 1.00 6.61 £ 0.95 6
LED, DC, 75% 7.72+0.70 2.56 +0.30 2.41+0.36 2.28+0.34 2.21+0.30 6
LED, DC, 50 °C 7.65+0.45 6.28 £ 0.65 6.17 £ 0.40 6.11+£0.40 6.00 £ 0.50 6
High power, 75% 8.00+0.23 3.30+0.15 2.71+0.13 2.57+0.10 2.76 +£0.12 3
High power, 50 °C 9.66 £ 0.15 8.42 £ 0.05 8.16 £ 0.22 7.89+0.2 7.85+0.15 3
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