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Graphical abstract Abstract
Fiber This study summarizes the research on organic fillers, where eggshells were
ot oy used as the reinforcement and banana peels as the matrix in the

B manufacturing of biocomposite thin film. Banana peel fibers exhibit a good

Hemicellulose Lignin characteristic of renewable material for the substitution of cement-based

| composites. However, biocomposite properties are limited by the poor

OH OH OH adhesion between natural fiber inferface and polymer matrix, which can be

+ improved by chemical modification of fibers. In this research, banana peels

H2N-(CHz)sSi-(OH)a were subjected to silane freatment. Biocomposite thin film manufacturing

processes were carried out using blending and hand lay-up techniques with

Fiber various concentrations of epoxy/waste banana peels/eggshell filler (EWE)

S ratios (EWE 0%, EWE 5%, and EWE 10%). X-ray diffraction (XRD), Fourier

| transform infrared (FTIR), thermogravimetric analysis (TGA), and thickness

swelling test were conducted on silane-treated and unireated banana peel

| | | biocomposite samples. In XRD analysis, it was found that EWE 10% sample had

o ° o the highest crystallinity compared to EWE 0% and EWE 5%, and silane-treated

| | | samples had higher crystallinity than untreated samples. For FTIR test, lignin

S S . component was removed in silane freatment based on the changes of IR

peak characteristic where the new bonds (-Si-O-C-, -Si-O-Si-, and -Si-C-) were

| | found in treated samples. Besides, TGA results showed that the thermal
HaN-(CHz)z Hz2N-(CHz)z . q o a om g 9

stability of silane-tfreated samples was improved significantly with the increase

of eggshell filler percentage, which was proven by the decrease in the

decomposition stage. In thickness swelling test, the samples achieved higher

swelling percentage as the percentage of eggshell filler increased. However,

the decrease of 5-6% in thickness swelling of treated samples was possibly

offset by the enhancement in fiber/matrix interfacial adhesion.
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HaN-(CH2)z
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Abstrak

Kajion ini membentangkan ringkasan pengetahuan mengenai pengisi
organik- kulit telur yang digunakan sebagai pengukuh dalam biokomposit
filem nipis kulit pisang. Serat kulit telur merupokan bahan yang boleh
diperbaharui dan boleh dijadikan pengganti komposit berasaskan simen.
Walau bagaimanapun, sifat-sifat biokomposit adalah terhad oleh kelemahan
lekatan semula jadi antara serat dengan matriks polimer. Namun, keadaan
ini boleh diperbaiki dengan rawatan kimia pada permukaan serat. Dalam
kajian ini, kulit pisang didedahkan kepada rawatan silana. Proses pembuatan
biokomposit filem nipis dijalankan dengan pengadunan dan teknik bengkalai
tfangan diikuti dengan mencampurkan pengisi kulit telur dalam pelbagai
nisbah (EWE 0%, EWE 5%, dan EWE 10%). Pembelauan sinar-X (XRD),
spektroskopi fransformasi Fourier inframerah (FTIR), analisis termogravimetri
(TGA), dan ujian pembengkakan ketebalan dijalankan ke atas sampel
biokomposit yang telah dirawat dan tidak dirawat. Dalam ujian XRD, EWE 10%
didapati mempunyai tahap kehabluran yang paling tinggi berbanding
dengan EWE 0% dan EWE 5%. Selain itu, sampel dirawat dengan silana serta
penambahan kulit telur telah mencapai tahap kehabluran yang lebih tinggi
berbanding dengan sampel yang tidak dirawat. Bagi ujian FTIR, komponen
lignin telah disingkirkan dalam rawatan silana berdasarkan bukfi sifat puncak
inframerah yang berubah di mana ikatan baru (-Si-O-C-, -Si-O-Si-, dan -Si-C-)
telah ditemui dalam sampel yang dirawat. Keputusan kajian TGA mendapati
sampel dirawat silana telah menunjukkan kestabilan sifat haba yang sangat
baik seiring dengan peningkatan peratus pengisi kulit telur di dalam sampel
tersebut dengan bukti berkurangan pada peringkat penguraian. Bagi ujian
pembengkakan ketebalan pula, pembengkakan ketebalan sampel
meningkat seiring dengan peningkatan pengisi kulit telur. Namun, penurunan
sebanyak 5-6% bagi kajian pembengkakan ketebalan dalam sampel
dirawat silana berkemungkinan disebabkan peningkatan lekatan antara fasa
di antara serat dengan matriks polimer.

Kata kunci: Serat kulit pisang, kulit pisang, rawatan silana, pembelauan sinar-
X, kehabluran

© 2019 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

wear and morphological tests were not performed to
predict its wear resistance, it was concluded that

According to Nathalie and Martelli [1], biocomposite banana peel powder and kenaf powder could be

materials

have gained attention due to both exploited as a filer material for mass-scale
in the last fabrication of asbestos-free brake pad without any

economic and ecological
decades. The impact of visible pollution has first
driven the scientific and industrial communities to
look further at biofragmentable and biodegradable
materials to substitute for traditional petroleum-based
non-biodegradable materials. Over the last few
years, there has been an interesting development
where polymer is added with organic fillers instead of
inorganic fillers [2]. The cost of organic fillers is usually
very low and they are also biodegradable.
Moreover, organic fillers can also enhance some of
the mechanical and thermomechanical properties in
thermoplastic polymer [3].

Banana peel is a major byproduct and waste
material rich in starch. In past research, researchers
have focused their study on the utilization of waste
banana peel as fiber reinforcement in polymer
maftrix. Yuvaraj and Jeyanthi [4] produced brake
pads using banana peel powder and kenaf powder
as the fiber or filler material. The results showed that
the brake pads composite had relative compressive
stfrength to withstand load application. Even though

harmful effect.

The term filler refers to the dispersed phase of
composite resins. A filler is able to increase the
strength and characteristics that are necessary for a
restorative material. Silane coating of fillers may
increase resistance to hydrolytic degradation [5].
Organic fillers such as eggshell are biodegradable
and originated from renewable sources, which ease
the concern about their disposal problem.

Eggshell consists of 95% calcium carbonate
(CaCOs;) as its main component and it is in the form
of calcite. In CaCOs, calcite is the most stable
component that forms elongated structures called
columns, crystallite, or palisade [6]. Besides that, the
remaining 5% of other inorganic materials in the
eggshell are calcium phosphate, magnesium
carbonate, and soluble and insoluble proteins.
CaCOs is the brittle white stuff that limestone, chalk,
sea shells, coral, and pearls are made of [7].
Alternative use of eggshells as the components in
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structural materials will benefit in mitigating these
challenges while meeting other societal needs [8].

Some researchers have shown that natural plant
fiber can be modified to improve its properties. One
of the approaches is to apply treatment on fiber.
There are various types of fiber surface modifications
such as mercerization, latex coating, gamma
radiation freatment, silane tfreatment, isocyanate
treatment, acetylation, and peroxide treatment [9].
These methods have been applied to reduce
hydrophilicity and thus decrease the sorption
characteristic of fiber. Different freatments will cause
changes in physical and chemical modifications of
fibers such as water sorption behavior. The effect of
sorption on untreated and mechanically-treated
samples was studied and investigated. As a result, a
decrease was observed in the mechanical properties
of fibers upon water sorpfion and then increased
upon water desorption [10].

In this study, the main fiber constituents such as
cellulose, hemicellulose, and lignin were separated
from treated fibers. X-ray diffraction (XRD), Fourier
transform infrared (FTIR), thermogravimetric analysis
(TGA), and water absorption analysis of these
constituents were carried out separately to develop
a basic fundamental of the behavior of individual
fiber constituent.

2.0 METHODOLOGY
2.1 Materials

The materials used in this study were banana peels,
eggshells, glycerol, epoxy, (3-aminopropyl)
frimethoxysilane, and acetone. Banana peels and
eggshells were collected from small-medium
industries (SMI). Banana peels were dried in an oven
for 3 h to remove water content whereas eggshells
were washed, dried, and blended into powder. A
sieve was used to filter eggshell powder to obtain an
average particle size of 75 pm.

2.2 Methods

Dried banana peels were sliced into smaller portions
and boiled for 20 min to soften them. Water volume
(ml) and weight of banana peels (g) were in the ratio
of 4:1. After 20 min, banana peels were blended with
glycerol and eggshells for 10 min. The amount of
glycerol used was 15% (w/w) of dried banana peels.
Then, the blended mixture was boiled for 15 min.
Next, the boiled blended mixture was spread over a
silkscreen using hand lay-up method to form a thin
film. The thickness of thin film was in the range of 0.10
to 0.15 mm. Later, the mixture on the silkscreen was
placed and dried in an oven at 80 °C for 3 h. Lastly,
the dried biocomposite thin fiilm was coated with
epoxy resin and compressed by a mould compressor.

The methods were repeated with different ratios
of banana peels and eggshells. The biocomposite
thin films were categorized intfo epoxy/waste banana

peels/eggshell filler (EWE) with EWE 0%, EWE 5%, and
EWE 10%. The percentages and ratios of banana
peels and eggshells used are shown in Table 1.
Besides, the procedures were also repeated using
silane-treated banana peels.

Table 1 Percentage of banana peels and eggshells

Banana peels (%) Eggshells (%)

100 0
925 5
20 10

2.3 Testing Methods of Structural, Physical, and
Thermal Properties

2.3.1 X-ray Diffraction

The crystalline structures of thin-flm samples were
defermined by XRD technique. XRD analysis was
carried out using a Bruker D8 ADVANCE Powder XRD
instrument with CuK-a radiation of A = 1.5404 nm and
the X-ray diffractometer was operated at a voltage
of 40 kV and a current of 30 mA. XRD data were
collected within the range of scattering angles (26)
of 10 to 40° af room temperature.

Crystallinity index (Crl) was calculated using the
formula as stated in Equation 1:

Crl (%) = [(I200 - Icr-non) / 1200] X 100 (M

where l200 and Icrnon are the maximum peak intensities
of crystalline and amorphous regions, respectively.

2.3.2 Fourier Transform Infrared

For FTIR analysis, the specimens were tested by
Shimadzu 8400S FTIR spectrometer at a resolution of 4
cm? (40 scans). The information on the blend,
composite  composition, and  polymer-polymer
interaction were determined and presented in the
results.

2.3.3 Thermogravimetric Analysis

TG/DTG curves were obtained using Seiko EXSTAR
6000 TG/DTA 6300 thermal analyzer. Approximately
10.2 mg of samples were placed on an aluminum
pan for testing. This test was carried out from 30 to
900 °C in dynamic nitrogen atmosphere with the flow
rate of 10 ml/min and heating rate of 10 °C/min.

2.3.4 Water Absorption and Thickness Swelling
Analysis

Water absorption test was conducted in accordance
with ASTM D570-98. The samples for each ratio were
cut info the dimensions of 24 x 10 mma2. Thin-film
samples were dried in an oven at 80 °C prior to
measurement. Water uptake was measured at 120 h
intervals until weight stabilization was obtained.
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Then, water absorption was calculated using weight
difference while swelling index (SI) was calculated
using the following equation:

= [(Wr- Wi)/ Wi x 100% (2)

where Sl is the water absorpfion of specimen after N
hours of water soaking (%), Wr is the final weight of
specimen after N hours of water soaking (g). and Wiis
the initial weight of specimen before N hours of water
soaking (g).

3.0 RESULTS AND DISCUSSION
3.1 Analysis of X-ray Diffraction

XRD analysis has been done to compare the
crystaline phase between unfreated and treated
biocomposite thin films. The patterns exhibited an
intense peak at around 26 = 30° (l200) for both freated
and untreated samples. This peak represents the
crystallinity region in samples. On the other hand, the
amorphous region of samples is represented by the
valley between the peaks, which is shown in lcrnon at
around 26 = 28°. After the silane treatment of
biocomposite thin film, it could be observed that the
peak at 26 position around 30° became narrower
and more intense compared to untreated samples.
This situation indicates a higher degree of crystallinity
in treated samples [11].

Based on Table 2, the calculation of Crl showed
that freated samples had higher Crl  values
compared to unfreated samples. For example,
treated EWE 10% (23.2%) had higher degree of
crystallinity than untreated EWE 10% (17.8%). Based
on the study by Jonoobi ef al. [12], lignin and
hemicelluloses in fibers were removed during fiber
freatment process and therefore resulted in the
increase of Crl.

Based on Figure 1 and 2, both unfreated and
silane freated samples showed that the shape of 20
XRD patterns was almost similar despite different
percentages of  reinforced eggshells.  The
crystallization degree of freated specimens was
lower than untreated specimens as the surface of
banana peels was modified by silane coupling
agent. The crystal cell structure of cellulose for
modified banana peels was distinguishable
compared fo unmodified banana peels [13]. This
sifuation shows that with the modification of silane
freatment on banana peels, the crystallization
degree of treated biocomposite samples increases
compared o untreated samples.

In the infracomparison of untreated EWE 0%, EWE
5%, and EWE 10%, it was found that EWE 10% had
higher crystallinity (17.8%) and contained higher
concenfration of CaCOs (JCPDS card 00-003-0569)
[14] compared to others. This phenomenon occurred
in a similar situation in the infracomparison of silane-
freated EWE 0%, EWE 5%, and EWE 10%, where

freated EWE 10% showed the highest crystallinity
(23.2%) and it contained the highest concentration
of calcite among them. All specimens of banana
peels reinforced with eggshells thin fim are
preferably considered as amorphous structure as
banana peels functioned as a matrix in the
fabrication of biocomposite thin film.

Nevertheless, it was clearly shown that the sharp
peaks at 20 = 42° that represent CaCOs only
appeared on both graphs of treated and untfreated
EWE 5% and EWE 10% but not EWE 0% due to the
addition of eggshells as a reinforced material in the
thin film. However, it has been reported that calcite
might not significantly influence the crystallinity of
polymer matrix [15]. Besides, eggshells were not
modified in this research, thus untreated CaCOs
particles did not have any effect on the crystallinity
of the samples [16].
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Figure 2 XRD patterns of treated samples

Table 2 Comparisons of crystallinity index of untreated and
freated samples

Crystallinity Index (%)

Samples

Untreated Treated
EWE 0% 16.9 20.2
EWE 5% 17.1 21.7
EWE 10% 17.8 23.2
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3.2 Functional Group Identification by FTIR

FTIR characterization is able to identify functional
groups and measure the transmittance of banana
peel biocomposite thin film of each sample [17].
Figure 3, 4, and 5 show the comparison of FTIR
spectra between untreated and treated EWE 0%,
EWE 5%, and EWE 10%. The comparison of OH stretch
absorbance is presented in Table 3 while the
wavelength of peaks used for FTIR analysis and its
corresponding functional groups are listed in Table 4.

It can be seen some peaks were exist and
represents the functional groups present in the
samples. The first observation of the IR spectra shows
a strong absorption band at 3282 cm-!, which is
assigned fo hydroxyl group O-H and amine N-H
symmetrical sfretching vibrations. This is due to the
presence of hydroxyl group, where the glycerol used
in the experiment has three hydroxyl functional
groups that are responsible for ifs solubility in water
[18,19].

The second observation focuses on the
absorption band at 2922 cm! from the symmetric
hydrocarbon C-H stretching absorption band of CH,
CH2, and CHs. The C-H stretching mode represents
the aliphatic nature of banana peels [20]. The
absorbance at 1730 cm corresponds to carbonyl
C=0 stretching vibrafion. This phenomenon
represents the linkage of ester group in
hemicelluloses or carboxylic acid in lignin [10]. A
sharp peak at 1606 cm' is assigned to the
characteristics of C=C in aromatic rings due to the
stretching of aromatic ring of lignin [21].

The peak at 1511 cm? corresponds to CH2
bending in lignin while the peak at 1374 cm1is due to
O-H in-plane bending. Meanwhile, the shift at 1029
cm is assigned to C-O carboxyl band, which
indicates the stretching of acetyl in lignin [19]. Some
similar peaks were obtained and observed in
previous studies by Lai ef al. [22] and Khormaei et al.
[23]. Lastly, the small sharp peak at 200 cm was
observed and assigned to a B-glycosidic linkage
between sugar units in cellulose and hemicelluloses
[10].

Referring to Table 3, for freated samples, the
absorbance unit of hydroxyl absorption peaks for
treated EWE 0% was higher than untreated EWE 0%
due to the efficiency of silane agent [?]. With the
addition of eggshell filer in composite, the
absorbance value of treated samples was lower than
unitreated samples at the same constituent. Even the
absorbance index of treated EWE 10% was ultimately
lower than untreated EWE 10%. This situation might be
due to the addition of fillers in composites where
fillers will absorbb a considerable amount of hydroxyl
that appears after silane treatment is applied on
fibers [21].

A well-defined peak at 1200 cmis assigned to -Si-
C-Si- bond and this represents the reaction between
cellulose of banana peels and hydrolyzed silane. The
characteristic band at 778 cm-! is attributed to -Si-C-
symmetrical stretching while the band at 710 cm-!

corresponds  to  -Si-O-Si- symmeftric  strefching.
Moreover, the freated samples showed a slightly
weak absorption peak of carbonyl group at 1730 cm-
1. Next, the decrease in the band splitting of C-H
bond stretching vibrations range of methyl and
methylene groups indicates the removal of lignin-like
structure [21].
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Figure 3 Comparisons of FTIR spectra between unfreated
EWE 0% and treated EWE 0%
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Figure 4 Comparisons of FTIR spectra between unfreated
EWE 5% and treated EWE 5%
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Figure 5§ Comparisons of FTIR spectra between untreated
EWE 10% and treated EWE 10%
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Table 3 Comparisons of OH absorbance unit of untreated
and treated samples

Absorbance unit of OH stretch

Samples Untreated Treated
EWE 0% 0.17 0.20
EWE 5% 0.18 0.16
EWE 10% 0.19 0.13

Table 4 Wavelength of peaks used for FTIR analysis and ifs
corresponding functional groups [24, 13, 9, 25]

Characteristics

Absorption(s) Functional Groups
(cm)
3550-3200 O-H stretch
2950-2850 C-H stretch
1750-1735 C=0 stretching of carboxylic acid or
ester (lignin)
1700-1500 C=C stretching of aromatic ring
(lignin)
1470-1350 CH2symmetrical bending (lignin)
1430-1330 -OH bending
1250-970 C-O stretching of acetyl (lignin)
1000-970 B-glycosidic linkage
1260-1000 -Si-O-C- stretching
800-780 -Si-C- symmetric stretching
720-700 -Si-O-Si- symmetric stretching

3.3 Thermogravimetric Analysis

TGA analysis was carried out fo defermine the silane
freatment effects on thermal properties of
biocomposite samples. [26]. TG/DTA curves are
presented for untreated (Figure 6, 8, and 10) and
treated (Figure 7, 9, and 11) samples.

In the first step of degradation, the observation
showed a weight loss related to desorption of water
of polysaccharide structure. According to Guimaraes
et al. [27], the total elimination of water in fibers was
quite difficult since fibers were hydrophilic in nature
even though the fibers were dried before the
experiment. The hydrophilic nature would then
reduce the interfacial bonding between fibers and
increase its moisture absorption after it was imparted
by hydroxyl groups of cellulose in those fibers [28].

The second phase of degradation is related o the
decomposition of hemicellulose content present in
fibers. It has been reported that the decomposition
of hemicelluloses was within the temperature range
of 180 and 350 °C [29]. Hemicellulose will degrade
faster than other chemical components in fibers such
as cellulose and lignin. This is because hemicellulose
consists of acetyl groups that may be responsible to
lower its thermal stability. Thus, hemicelluloses will
undergo cellular breakdown as temperature
increases.

In the previous stage, a small amount of
amorphous cellulose degraded, thus the third stage
involved the degradation of crystalline cellulose. In
fact, cellulose is more thermally stable than
hemicellulose due to its crystaline nature, where it
bonds to form microfibril structure by hydrogen

bonding [30]. Therefore, when the temperature was
greater than 300 °C, the samples showed major
weight loss (37% to 50%) due to the decomposition of
cellulose and lignin.

The decomposition of lignin occurred slowly and
under the temperature range up to 850 °C. This is
because lignin consists of heavy cross-linked
molecules besides polysaccharides, thus making it
hard to decompose under thermal decomposition.
Therefore, lignin is considered as the most difficult
component to decompose compared fo organic
components due to its slow decomposition [31].

A dry eggshell has approximately 94% of CaCOs
by mass [32]. The addition of CaCOsin the composite
decreases the crystalline regions of composite as the
bonding energy between polymer chains is reduced
by CaCOs and finally decreases its melting point.
Hence, the melting point is lower as a higher amount
of CaCQsis added to the composite.

Generally, the number of decomposition peaks
for both freated and untreated EWE 0% (Figures 6
and 7) is less than EWE 5% (Figures 8 and 9) and EWE
10% (Figures 10 and 11). This is because the thermal
stability of specimen is affected by the percentage
of banana peel fibers. Greater thermal stability is
achieved with a higher percentage of banana peel
fibers in the sample, therefore less thermal changes
will occur in the test [33]. This situation will lead to low
thermal conductivity because fibers contain vacant
structures [34].

This situation shows that silane treatment s
incapable of eliminating hemicelluloses from fibers. In
fact, silane molecules formed couplings with lignin
and hemicellulose constfituents of fibers instead of
eliminating them from the fibers. A silane coupling
agent acts as a protective covering layer on fiber
surface to protect the fiber from thermal
decomposition at higher temperature and thus, the
breakdown of fiber molecular structure is prevented
[35].

e

1% degradation

Figure 6 TG/DTA curves of untreated EWE 0%
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Figure 9 TG/DTA curves of tfreated EWE 5%
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Figure 11 TG/DTA curves of treated EWE 10%

3.4 Water Absorption and Thickness Swelling
Characteristics

Figures 12 and 13 illustrate the thickness swelling
behavior of silane-treated and untreated samples at
different relative ratios of eggshell reinforcement. A
comparison of thickness swelling percentage is
concluded and tabulated in Table 5.

At the initial stage of absorption process, both
figures showed that the thickness swelling increased
linearly, then the increasing rates slowed down, and
it finally reached water uptake at equiliorium. Among
the three ratios, EWE 10% had the highest moisture
absorption, followed by EWE 5% and EWE 0%. This is
due to the addition of eggshells in EWE 10% and EWE
5% composites [36].

As reported by Abdel-Salam ef al. [2], water
absorption of composite increased as the amount of
filler (CaCQOs) added increased. This situation may be
because CaCOs contains hydrophilic sites and thus it
is expected that moisture absorption in composite
increases [37]. This situation can be explained by the
work of Santos et al. [36], where the addition of filler
in composite significantly increased its water uptake
due to the presence of filler parficles and porosity
aggregates in the microstructure of composite, even
though the adsorption of water on the filler surface
has not been removed.
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In the comparison of silane-treated and untreated
samples with similar compositions of eggshell filler, the
thickness swelling in treated samples was lower than
that of untreated samples. For instance, untreated
EWE 10% had 12% thickness swelling and the value
dropped to 7% after silane treatment due to lower
water absorption in freated samples. According to
Arsene et al. [38], silanes in agqueous media are
reactive molecules that will transform into dimers or
oligomers by the condensation of silanol. Hence,
silanes commonly exhibit greater repellent effect and
are wused as commercial water repellents.
Additionally, silane treatment can decrease the
hydrophilicity of fiber by decreasing the hydroxyl
groups in fibers [39].

Nevertheless, Arséne et al. [38] also reported that
silane was grafted onto the fiber surface to form a
network of polysiloxane molecule. Banana fibers
swelled as the morphology of fibers was modified
and the porosity and dimensions of fibers increased
at the same time. Thus, water absorption decreased
with the addition of silane in the freatment solution.

——EWE0% —B—EWE5% EWE 10%
60

50 =

40

30

Thickness Swelling (% )

0 1 2 3 4 5 6 24 48 72 9% 120
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Figure 12 Thickness swelling of untreated samples
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Figure 13 Thickness swelling of treated samples

Table 5 Thickness swelling percentages of freated and
unfreated samples

Thickness Swelling (%)

Samples Untreated Treated
EWE 0% 8 2
EWE 5% 10 4
EWE 10% 12 7

4.0 CONCLUSION

In this research, biocomposite thin fim was
successfully produced from waste banana peels
reinforced with eggshell filer and laminated with
epoxy resin. Some portions of banana peels were
freated with silane as the coupling agent in order o
determine the effect of silane treatment on fiber
properties. FTIR analysis indicated the presence of
bonds in silane-treated samples compared to
untreated samples. These new bonds formed as a
result of the reaction between hydrolyzed silane
agent and banana peel fibers. The intensity of OH
absorption peaks in the treated samples was higher
than untreated samples. However, the intensity of
freated samples decreased as the percentage of
eggshell fillers in the composite increased. For XRD
results, the treated samples had high Crl than
untreated samples and Crl increased as the eggshell
percentage increased. Thus, treated EWE 10% had
the highest crystallinity among the samples due to
the removal of lignin and hemicelluloses in fibers
during silane treatment and it contained the highest
percentage of eggshell filler. On the other hand,
silane treatment resulted in the decrease of water
absorption and thickness swelling of the composites.
Without eggshell filler, further reduction was
observed. Silane treatment of banana peel fibers
produced composite samples  with  greatfer
hydrophobicity and less water absorptfion. For
thermal properties, the weight loss of silane-treated
samples was lower than untreated samples. The
addition of silane coupling agent and eggshell filler
increased the melling point of biocomposite samples
and hence enhanced its thermal stability.
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