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Abstract
New biocomposite films from Polyvinyl alcohol (PVA)/Palm kernel shell powder (PKSP) were prepared by solution casting method. The effect of PKSP addition on the film was studied based on the tensile properties, physical properties and
biodegradability. From tensile test, it was found that the tensile properties decreased with the increasing PKSP loading in
the composition. This is due to the poor interfacial adhesion and agglomeration of PKSP at high filler loading as proven
by SEM micrograph. The water absorption and water vapour transmission (WVT) were also increased with PKSP loading.
Higher weight loss in biodegradability test, indicating the PVA/PKSP biocomposite films had higher biodegradability
compared to neat PVA film.
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Introduction
Petroleum derived polymers have been used widely in
many applications such as packaging, automotive, agricultural and medical appliances. Since polymeric materials do not decompose easily, disposal of plastic waste is a
serious environmental problem. Therefore, the development of biodegradable polymers has been a major interest recently. Polyvinyl alcohol (PVA) is a useful polymer,
which have been synthesised with a backbone consist
primarily of -OH bond. The hydroxyl group makes it
highly biodegradable and highly soluble and therefore
widely used for packaging application. The advantages of
PVA are good film formation, strong conglutination and
high thermal stability. Generally, PVA films have been
used for packaging application, where the contents need
to be dissolved or dispersed in water because it is water soluble. Besides that, PVA is used to be blended with
other polymer to enhance the solubility and polarity [1].
Composite is defined as any multiphase material

that exhibits a significant proportion of the properties
of both constituent phases such that a better combination of properties is realized. In addition, the constituent
phases must be chemically dissimilar and separated by
distinct interface. Typically, composite materials have
two phases, which are the matrix and the reinforcement
phase. Recently, most researchers are interested to utilize
agricultural wastes as reinforcing fillers due to growing
environmental awareness. Natural fibers offer several
advantages over the conventional, human-made fibers.
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Most of these fibers are environmental friendly, highly
biodegradable, easily and abundantly available, relatively cheap and low density. As the plant fibers are biodegradable, they are able to contribute to better ecosystem
and at the same time their low cost and performance can
fulfil the economic interest in industry [2]. Most widely
used biodegradable filler are lignocellulose-based fibers.
Palm kernel is obtained from the oil palm fruit and
it is actually the by-product from palm oil industry [3].
Malaysia is the second world largest producer of palm
oil after Indonesia. As palm tree is perennial crop, it is
available all over the year, which means palm kernel shell
is always available [4]. Initially in the crude palm oil process, steaming treatment is carried out to melt the fruit’s
flesh. The residual fruits are crushed mechanically to extract the seeds or kernels, known as palm kernel shells.
During palm oil processing, the kernel will be separated
and kernel oil will be further distilled. The processing results in the production of wastes such as palm oil mill
effluent, empty fruit bunches, mesocarp fibre and shell.
Several studies have been reported on the usage of
palm kernel shells as filler in polymer matrices, such as
low density polyethylene [5], polypropylene [6], high
density polyethylene [7], recycled polyethylene [2,8] and
polyester [9]. To the best of our knowledge, there is no
study on incorporation of palm kernel shells into PVA
matrix. The purpose of this research is to study the effects
of adding palm kernel shell powder into polyvinyl alcohol for biocomposite film application. The palm kernel
shell powder will act as the natural filler in the biocomposite that will affect its properties and contribute to biodegradability. PVA/PKSP biocomposite is targeted to be
used in packaging application, which require moderate
strength and higher biodegradability after end use. The
effect of PKSP composition on tensile properties, morphology, water absorption, water vapour transmission
and biodegradability of PVA/PKSP films were studied.

Lumpur, Malaysia) Palm kernel shell powder was prepared using palm kernel shell from Malpom Industries
(M) Bhd, Nibong Tebal, Penang. Glycerol and tween 80
were supplied by Merck, while hexamethylenetetramine
was purchased from Fluxa Chemical. All chemicals were
analytical grade reagents.

Methods
Palm kernel shell powder (PKSP) preparation: The
PKSP was prepared by grinding the palm kernel shell
by using mini crusher from Chyun Tseh Industrial Co.
LTD, Taiwan. Sieving process was carried out by using 3
sieving plates with size of 1000, 600, and 75 microns. The
PKSP was kept in a dessicator for subsequent composites
preparations.
Biocomposite preparation: 200 ml of de-ionized water was measured and 100 ml was poured into another
beaker containing PVA. After PVA dissolved, it was then
added to the initial beaker. The mixture was stirred for
10 minutes at 95 °C. The PKSP was added and continued
to stir for 10 minutes. The additives were added and let
to stir for another 10 minutes. After gelatinization, the
solution was casted over glass plates and dried at room
temperature for 24 hours. The film was then further
dried in oven for 2 hours at 70 °C. The film with average thickness of 0.15 mm was peeled off and reserved for
further testing. PVA/PKSP biocomposite was prepared
at five different ratios, varying the PKSP loading from 0
wt% to 40 wt% as shown in Table 1.

Materials

Tensile properties: The tensile properties of the films
were evaluated by using Instron 3366 testing machine.
Five dumbbell shaped samples (ASTM D638) were cut
and then the thickness along the test length was measured at three different places using thickness gauge. The
crosshead speed used for tensile test was 50 mm/min and
the load cell was 10 kN. The gauge length, which is the
gap between upper and lower clamp was set at 50 mm.
The test was carried out at room temperature and an average value five repeated tests were taken for each blend
composition.

Polyvinyl alcohol (PVA) with average molecular
weight of 89000 to 98000 g/mol and density of 1.3 g/cm
3 was supplied by Sigma-Aldrich (M) Sdn. Bhd (Kuala

Chemical composition by fourier transform infrared (FTIR): The functional group of samples was
analyzed using Fourier transform infrared spectrosco-

Experimental

Table 1: Formulation for PVA/PKSP biocomposite.
Biocomposite
composition

PVA
weight %

100/0
90/10
80/20
70/30
60/40

100
90
80
70
60

Actual weight
(g)
10
9
8
7
6

Alias et al. Advances Environ Stud 2018, 2(2):98-107

PKSP
weight %
0
10
20
30
40

Actual weight
(g)
0
1
2
3
4

Glycerol
Actual
weight (g)
1.5
1.5
1.5
1.5
1.5

Tween 80
Actual
weight (g)
0.1
0.1
0.1
0.1
0.1

HTMA
Actual
weight (g)
0.6
0.6
0.6
0.6
0.6
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py (FTIR) equipped with Attenuated total reflectance
(ATR) mode. For sample preparation, the films were
cut into dimension of 10 mm × 10 mm. The sample was
placed on base optics assembly and the spectra were
recorded. The characterization was taken place ranges
from 400 to 4000 cm-1 in 16 times of scanning in order
to reduce noise and to prevent overlapping of spectrum.
The means of the peaks in FTIR spectrum were used to
determine the chemical structure in the samples.

of container sealed with film sample was weighed and
recorded. For each blend compositions, five containers
were prepared. Then, containers were all placed in the
desiccator at room temperature. The containers were
weighed daily using analytical balance until constant
weight.

Morphological study: Morphological study of the
biocomposite was carried out by Field Emission Scanning Electron Microscope, FESEM Supra 35VP. The tensile-fracture surfaces of the films were observed to study
the failure modes and filler distribution. The surface
morphology of each film was observed by using Scanning electron microscope (SEM) for biocomposite films
after exposure to natural weathering and soil burial. The
sample preparation needed to be carried out before observing the morphology, in which the film was mounted
on aluminium stubs with carbon tape and then sputter
coated with thin gold layer to avoid charging and poor
resolution during examination.

where G is the weight gain, t is the time and A is the
area of test area.

Water absorption: The water absorption (Wa) of
films was performed as described by Yun, et al. [10].
Dried plastic films were immersed in distilled water at
room temperature (25 °C). After the 24 hours, moisture
on the surface of the films was removed and the weight
of the films was measured. The water absorption of the
plastic films was calculated as:
Wa (%) = [(We - Wo)/Wo] × 100

(1)

We is the weight of plastic film at the adsorbing equilibrium, and Wo is the first dry weight of plastic film.
Water vapour transmissibility: Water vapour transmissibility (WVT) was measured by performing testing
according to ASTM E96-80 (ASTM 1998), modified by
Gontard, et al. [11]. A container of about 30 ml distilled
water was sealed on top by film sample. The initial weight

The WVT was then calculated according to:
WVT = (G/t)/A 				

(2)

Natural weathering: The samples were cut into
dumbbell shape (ASTM D882) from the film of each
composition. The samples were subjected to weathering
test for 14 days (March 2016). The test was carried out according to the ASTM D1435. The weathering resistance
and the degradation of the samples were determined by
observation on the changes in dimension, physical appearance and weight changes.
Soil burial: The samples were cut into dumbbell
shaped and buried in the natural soil at School of Materials and Mineral Resources Engineering, Universiti Sains
Malaysia in Nibong Tebal, Penang for a period of 14
days (March 2016). The buried specimens were collected
from the soil and the dirt was removed. The weights of
the buried samples were recorded and the weight changes were calculated. The degradation of the samples was
determined by observation on the changes in dimension,
physical appearance and the weight changes.

Results and Discussion
PKSP characterization
Figure 1 shows the SEM micrograph of PKSP at magnification of 100X and 300X. Apparently, the agglomeration of PKSP is found. The microstructure of palm kernel
shell powder reveals that the size and shape of particles
vary, and they consist of porous irregular shape particles.

Figure 1: SEM micrographs of PKSP at 100X and 300X magnification.
Alias et al. Advances Environ Stud 2018, 2(2):98-107
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Figure 2: FTIR spectrum for PKSP.

FTIR spectroscopy was used to seek evidence of the
functional group presence in PKSP. Palm kernel shells
are one of the lignocellulose fibers that are basically made
up from cellulose, lignin and hemicellulose [12]. Figure
2 shows the spectrum of PKSP which show the characteristic absorption bands. The spectrum of raw PKSP
shows many peaks belong to various functional groups.
The strong broad absorption band at 3399.40 cm-1 is assigned to the OH stretching vibrations, which is typically
in range from 3200-3600 cm-1. A strong and sharp peak
at 2920.84 cm-1 indicates the existence of C-H stretching
in the methyl groups. The band located at 1608.31 cm-1
corresponded to stretching of C=C carbonyl group in aromatic compounds. For C-C stretching band in ring or
aromatic compounds, a peak within 1500-1400 cm-1 is
typically observed. In the spectrum, a peak is revealed at
1425.20 cm-1. Another peak is observed at 1036.01 cm-1
could be assigned to stretching of C-O, which is found in
esters, carboxylic acid, ethers and phenols.

Tensile properties
The mechanical behaviour of polymers can be investigated by stress-strain characteristics under elongation
or tensile deformation. Tensile properties of polymer can
be characterized via modulus of elasticity, stiffness, elongation at break, ultimate tensile strength, toughness and
creep [13]. Figure 3a shows the variation of tensile strength
with filler content. It is observed that the tensile strength
of film exhibits significant decreased with increasing filler
content. The decrement in tensile strength may be due to
poor interfacial adhesion and distribution of filler within
the matrix, thus providing poor reinforcement.
Addition of filler in matrix is not necessarily will enAlias et al. Advances Environ Stud 2018, 2(2):98-107

hanced all properties of composite. Several factors such
as interfacial adhesion, compatibility and type of filler contribute to the final properties of composite. The
strength of particulate filled polymer composites depends
to a great extent on the interfacial adhesion between the
matrix and the filler which facilitate the transfer of small
section of stress to filler particle during deformation [14].
According to Morreale, et al. [15], better stress transfer
from matrix to filler can be achieved by strong adhesion
between matrix and filler interface, in which leads to a
higher tensile strength. The distribution of filler at higher
filler content was poor (as shown later in morphological
study, and this caused the stress in the continuous phase
to increase and resulted poor tensile strength.
Elongation at break as shown in Figure 3b showed
decreasing trend as filler content increased. The decrease
in elongation at break is the indication that the filler is
incapable of supporting the stress transfer from filler to
matrix. The incorporation of filler within PVA matrix
decreased the elasticity of the film. Higher filler loading
in PVA matrix resulted in the stiffening and hardening
of the film. This reduced its resilience and toughness,
and led to lower elongation at the break [16]. The incapability of the filler to support stress transfer is indicated
by the decrement of elongation at break. Basically, the
stiffness of the film increased gradually with an associated decrease in elongation at break. Several researchers
also report similar trends on mechanical properties of
incompatible filler and matrix [17-19]. Besides that, the
decrement of elongation at break in presence of PKSP
may be due to PVA matrix ductility being severely altered by micron sized filler.
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Figure 3: Tensile properties of neat PVA and PVA/PKSP biocomposite at different compositions (a) Tensile strength; (b) Elongation at break; (c) Tensile modulus.

Figure 3c shows the tensile modulus as function of
filler content. Initially, as PKSP is incorporated into the
PVA film, the tensile modulus increases. The increased
modulus corresponds to more filler where its intrinsic
properties exhibit high stiffness compared to polymeric
material. Modulus increased because the stiffening effect
of the granules. The incorporation of PKSP into PVA has
led to an increase in the modulus because PKSP is stiffer
than PVA matrix in which they are dispersed.
The tensile modulus of the biocomposite decreases
with increases in filler content beyond 30 wt% PKSP.
The decrement in tensile modulus shows poor resistance
of material to deformation. This is because at high filler content the biocomposite film is unable to withstand
greater loads. This may indicate that the incorporation
of PKSP into PVA matrix introduces a new interfacial
region that affects the stress transfer in the film. In other words, the applied stress failed to transfer throughout
the samples effectively. Besides that, Nair, et al. [20] reported that beyond the maximum loading of filler, tensile behaviour may drop due to agglomeration of filler,
leading to poor stress transfer.

Fracture surface morphology
Morphological study and structure-property correlations of polymers including homopolymers, copolyAlias et al. Advances Environ Stud 2018, 2(2):98-107

mers blends and composites are vital in characterization,
which are complemented by electron microscopy. SEM
is used to study the tensile-fractured surface morphology of PVA/PKSP films produced. Morphological analysis
using SEM clearly shows difference in the surface of the
neat PVA film and PVA/PKSP film. As PKSP is added
into PVA, morphological changes in the structure took
place. As shown in Figure 4a the fracture surface for neat
PVA film is relatively smooth compared to filled PVA
film (Figure 4b). Both flat surface and shear lips are present on the fracture surface, which indicates mixed mode
fracture. The wavy surface showed that the crack propagation is unstable.
On the other hand, the fracture surface of PVA with
40 wt% PKSP is uneven and some cavities was shown in
Figure 4b. As PKSP loading increases, more filler pullout is observed. The cavities left by de-bonded fillers
indicated the tensile fracture is mostly via debonding.
When filler-matrix interface is weak, the force for PKSP
pull out will be lower. Besides that, the tendency of filler
agglomeration is higher when the filler loading increases.
The agglomeration produce discontinuity in matrix, in
which creating a stress concentration point. These observations support the results of tensile strength of film
with 40 wt% PKSP has lower tensile strength compared
to low filler loading and neat PVA. Tiwari, et al. [21] also
ISSN: 2642-4231 | • Page 102 •
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Figure 4: Fracture surface morphology of (a) Neat PVA; (b) PVA with 40 wt% PKSP biocomposite.
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Figure 5: FTIR spectrum for PVA/PKSP biocomposite for 100/0, 80/20, and 60/40 compositions.

reported similar findings in polyvinyl chloride/rice husk
ash composite at higher filler loading.

Chemical composition by Fourier Transmission
Infrared (FTIR)
FTIR spectroscopy is used to seek an evidence of the
functional groups in the films with different PKSP loadings. Figure 5 shows the FTIR spectrum of neat PVA,
80/20 PVA/PKSP and 60/40 PVA/PKSP biocomposite.
It shows that various absorption bands are observed. For
neat PVA film, the significant peak of intensity around
3279.01 cm-1 is assigned to hydrogen bond from alcohols
or phenols. The peak is very broad due to the strong hydrogen bonding and thus obscures other bands in this
region. The absorption band at 2935.99 cm-1 was associated with alkane group. The peak is produced as the C-H
bonds stretch.
Alias et al. Advances Environ Stud 2018, 2(2):98-107

At the fingerprint region, the bending vibration for
O-H is found at 1419.41 cm-1. The C-O absorption bands
can also be found at 1010.23 and 1090.08 cm-1. These
bands generally used as the conformation of alcohol
group in the sample. The peaks from 600 to 900 cm-1 are
mainly due to the rocking vibration of C-H bond. Addition of PKSP into PVA matrix affects the chemical composition of the film. Even small differences in structure
and constitution of molecules may result in significant
changes in the peaks especially in between 1200 to 700
cm-1, which is also known as the fingerprint region. For
instance, the significant peak of hydroxyl group in neat
PVA film is at 3279.10 cm-1. However, the wavelength
shifts to 3278.67 cm-1 and 3260.93 cm-1 respectively for
20 wt% and 40 wt% PKSP loading.
It is observed that the peak of O-H bending vibration is less intense for PVA/PKSP film than the neat
ISSN: 2642-4231 | • Page 103 •
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Figure 6: Water absorption percentage of neat PVA and
PVA/PKSP biocomposite at different compositions.

PVA. This is due to the fact that weight percentage of
PVA decreased, causing the amount of hydroxyl group
to reduce. Besides that, hydroxyl group also may be used
for filler-matrix interaction. Around fingerprint region,
almost similar peaks are observed between the biocomposite and neat PVA film. These peaks are mainly contributed by alkenes, hydroxyl and carbonyl groups. In
comparison to the neat PVA, PVA/PKSP films show few
additional peaks in the fingerprint region. The additional
peaks are at 1043.92 cm-1 for 80/20 film and 1043.06 cm-1
for 60/40 film. These peaks are attributed to the C-O vibrations in PKSP.

Water absorption
Water absorption test is crucial to determine the water
absorptivity of the material especially in packaging application. The presence of hydroxyl groups enables hydrogen bonding to be formed in water, making PVA highly
hydrophilic and bio-compatible [22]. Figure 6 shows the
variation of percentage of water absorption with different filler contents. It is observed that the composite with
higher PKSP content has higher water absorbing capacity. As the filler content increases, the formation of agglomeration increases due to the difficulties of achieving
a homogenous dispersion of filler at higher filler loading
content within the matrix. The agglomeration of filler increases the water absorption of composites.
The PVA filled with PKSP demonstrated higher water absorption than pure PVA film. This was due to poor
interaction between PKSP and the matrix that increased
the water absorption. Poor compatibility between the
PVA and PKSP at higher filler loading is predicted and
shown by the reduction of tensile properties as reported earlier. This will increase the freely available hydroxyl
groups and exposed more water-binding site. This is in
agreement with work earlier on mechanical and water
absorption properties of PVA/sago starch pith waste
composites [23]. Besides that, PKSP is polar and it conAlias et al. Advances Environ Stud 2018, 2(2):98-107
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Figure 7: Water vapor transmissibility of neat PVA and
PVA/PKSP biocomposite at different compositions.

tains hydroxyl groups that bind with water molecules.
The presence of hydroxyl groups in PKSP also attributed
to higher water uptake due to the formation of hydrogen
bonding. As higher PKSP loading is incorporated into
the films, the more hydroxyl group will present, therefore increases the water absorptivity.

Water vapour transmission
Water vapour transmission (WVT) is a measure of how
much water vapour able to pass through a material per
unit area per unit time. Figure 7 signifies the effect of PKSP
loading on the water vapour transmissibility of PVA/PKSP
films. It is clearly shown that the WVT increased with increasing PKSP loading. The hydrophilic nature of PVA and
PKSP enhances the absorption of water molecules and at
the same time increases the WVT. The increment of WVT
is caused by polarity of lignocellulosic nature of the filler,
in which it has the tendency to absorb water and moisture.
The cellulose content has hydroxyl group on its surface,
producing hydrogen bond with water.
The ability to transport moisture over a film can be
favourable property in some applications such as in food
waste collection system and garden waste sacks. High
WVT will improve the quality of the waste for composting plant. High WVT will avoid fermentation and bad
smell, mould and leachate. The increment of WVT at
higher filler loading may be due to the fact that the water
sensitivity of the films increased due to more hydroxyl
group present. WVT is highly affected by the diffusivity
and solubility of water molecules in the film matrix [24].

Natural weathering
Natural weathering involves the outdoor exposure of
samples, mounted on testing racks, oriented under standard conditions in order to expose samples to full radiation spectrum, temperature and humidity of the testing
location. Figure 8 shows the dependence of weight loss
on the composition of PVA/PKSP film. The increase of
PKSP loading leads to the increment of weight after exISSN: 2642-4231 | • Page 104 •
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Figure 10: Weight loss of neat PVA and PVA/PKSP biocomposite at different compositions after soil burial.

Figure 8: Weight loss of neat PVA and PVA/PKSP biocomposite films at different compositions after natural weathering.
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Figure 9: Surface morphology of PVA/PKSP biocomposite with different compositions after natural weathering (a) Neat PVA,
(b) 80/20 wt%, (c) 60/40 wt%.

posure to natural weathering test. For PVA, the degradation mechanism is unusual as it occurs randomly along
the PVA polymer chain. Typically many other polymers
degrade from chain ends.

Weathering
Several mechanisms may participate in the degradation of PVA such as oxidation of hydroxyl groups to ketone groups and formation of acetic acid, alcohols and
ketones which may further metabolized to water and
carbon dioxide [25]. The degradation is much more pronounced when PKSP loading is high. It is shown that
the incorporation of PKSP with PVA can increase the
degradability of PVA films. This is due to the ability of
PKSP to absorb more moisture, enabling the degradation via hydrolysis to occur within the film. Besides that,
both PVA and lignin in PKSP are able to undergo photodegradation when being exposed to UV.
Alias et al. Advances Environ Stud 2018, 2(2):98-107

The evidence of the degradation of PVA/PKSP films
after natural weathering is shown in Figure 9. Degradation via natural weathering can be initiated by various
mechanisms, such as photodegradation, hydrolysis and
oxidation-depolymerization. For neat PVA film, only
few micro voids are observed on the surface. As PKSP is
incorporated, the surface roughness increases, due to filler agglomeration. In addition, formation of micro void
and surface erosion were also found on the surface. The
severity of deterioration increases with increasing filler
loading. The losses in mechanical and physical properties are caused by the deterioration of film. This is in
agreement with the reduction of the tensile properties.

Soil burial
In order to evaluate the degradation occurred during
soil burial test, the weight loss of the films is measured.
Figure 10 shows the weight loss of the pure PVA and
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Figure 11: Surface morphology of PVA/PKSP biocomposite with different composition after soil burial (a) Neat PVA, (b) 80/20
wt%, (c) 60/40 wt%.

PVA/PKSP films in soil. The weight loss is a reflection
of the biodegradation process by the moisture and microorganism in the soil. In comparison to the pure PVA
film, the film incorporated with PKSP shows higher
weight loss after being buried for fourteen days. As the
filler loading increases, the weight loss for the film also
increases. This shows that the incorporation of PKSP in
PVA film improves the film biodegradability.
The result obtained can be associated with the organic
compounds in the PKSP and make it vulnerable to attack
by microorganism. As reported in other studies, microorganisms require a moist environment to survive and
able to export hydrolytic enzymes that break down the
biopolymers [26]. When the sample is buried, the water and moisture diffuse into the sample, causing it to
swell and enhanced the biodegradability. Based on water absorption test, it was shown that the water uptake
increases as the PKSP loading increases. Therefore, the
sample with highest water absorption capability tends to
enhance the biodegradability of the film the most. Besides that, the condition of the natural soil can provide
realistic environment where humidity, temperature, pH
value and type of microorganism are less controlled and
changed by the seasons [27].
The surface morphology of PVA/PKSP films after
Alias et al. Advances Environ Stud 2018, 2(2):98-107

soil burial is shown in Figure 11. Traces of soil that diffused into films and microorganisms are observed. For
neat PVA film, the surface is found to be smoother than
biocomposite film. As PKSP loading increases, the surface roughness of the film also increases. This is due to
agglomeration of filler. At 20 wt% PKSP loading, small
hollows appeared and some cracks are found on the surface. The severity of surface deterioration increases at 40
wt% filler loading as more holes appeared and more filler
popped out.

Conclusions
1. In this study, the preparation of PVA/PKSP biocomposite is successfully achieved by solution casting method.
Addition of PKSP to PVA is found to affect the tensile
properties and the biodegradability of the films.
2. The tensile properties decreased with increasing
PKSP loading.
3. Besides that, water absorption and water vapour
transmission of film increased with increasing PKSP
loading. Water soluble nature of PVA and water sensitivity of PKSP is believed to be the reason as both of
them have hydroxyl group in the chemical structure.
4. The biocomposite film is shown to have higher biodegradability with addition of PKSP. Based from natISSN: 2642-4231 | • Page 106 •
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ural weathering and soil burial test, the weight losses
increased with increasing PKSP loading, which indicates that the films are able to degrade faster.
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