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Abstract. In this study, the properties of composites produced using solvent casting
technique from poly(lactic acid) (PLA) and fish scale hydroxyapatite (FsHA) were
investigated. Some amount of FsHAp powders (from 10 to 70 wt%) were added to the PLA
solution and stirred for eight hours after the PLA was dissolved in the dichloromethane
(DCM) solvent. The homogeneous mixture of PLA and FsHA was poured into the metal
mould and dried in the oven for 4 hours to produce a dried PLA/FsHA composite sheet. The
PLA/FsHA composite sheet with different FsHA filler contents was successfully prepared.
These composites were characterised by Fourier transform infared spectroscopy (FTIR),
differential scanning calorimetry (DSC), tensile tester and scanning electron microscope
(SEM). It can be seen that by addition of 50 wt% FsHA filler contents gave the highest
Young’s Modulus and tensile strength values of 2114.8 MPa and 23.3 MPa, respectively due
to effective interaction between fillers and matrix. The melting point of pure PLA, which was
147 °C increased to 149 °C when it was loading with 30 wt% FsHA and this enhancement
may attributed to the capacity of natural FsHA to encourage surface contact between PLA
matrix. The DSC result was consistent with the FTIR result which demonstrated that the
peaks' shifting implied some degree of chemical interaction between the matrix and FsHA.
From SEM analysis, it proved good distributions of FsHA fillers in the matrix of PLA/FsHA
composites and this indicated that the composite has potential to be used in biomedical
applications.
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Introduction

Conventional synthetic polymers have had a significant impact on the environment
since this kind of polymers are manufactured using non-renewable fuels and release
greenhouse gases throughout productions, mainly carbon dioxide (CO2) [1-2]. In order to
minimize the reliance on non-renewable polymers, the scientists of this field have boosted
their efforts in developing a variety of sustainable polymer-based materials.

PLA is made from plants such as corn, sugar beets, sugar cane, wheat and etc and it is
not from the petroleum resources. Fermentation in the plant converts starch into lactic acid,
which is polymerized to produce PLA [3]. Recently, the most promising biodegradable
polymer is PLA. PLA is biocompatible materials, non-toxic and eco-friendly polymer which
is currently used in bone replacement materials [4]. However, the brittleness of PLA polymer
has limit in its applications [5-6]. For many applications, PLA needs to be modified with
fillers and some other additives to improve their thermal and mechanical properties [7].
Currently, PLA is widely used as polymer in biomedical applications such as tissue
engineering scaffolds and implant due to their biocompatibility and biodegradability
properties in the human body [8].

There are a few bioceramic fillers that are widely used in polymer matrix to improve
mechanical properties for biomedical applications. Some examples of them are alumina,
zirconia, bioactive glass, glass ceramics, hydroxyapatite (HA), and resorbable calcium
phosphates [9]. According to the previous study [10-11], synthetic HA is the most common
filler used in biomaterials composite due to its biocompatibility, bioactivity and
osteoconductivity properties. Currently, most of commercial HA is produced from chemical
reactions but this technique is relatively very expensive [12]. Alternatively, HA from natural
resources from minerals or biological have been widely studied [13]. The best alternative
material to replace synthetic HA is natural HA which comes from aquatic such as fish scales
and bones [13]. FsHA was produced by thermal or chemical extraction from fish scales and
proved to have biological properties similar to synthetic HA [14-15]. Mixing of HA filler and
PLA successfully improved the mechanical and biological properties of the composite [16].
Recently, PLA/HA composite has been used in various biomedical products such as scapula
prosthesis, knee prosthesis, dental implants, interbody fusion cage, acetabular cup and hip
prosthesis [16]. However, there is very little information on the application of FsHA as filler
in polymer matrix composite for biomedical applications [14].

The solvent casting method is a common procedure in making polymer film. This
technique is simple, economical and easy to control. However, the polymer needs to be
dissolved in a suitable solvent before casting into a suitable mould and dry it to evaporate the
solvent completely [12]. In this study, the potential of FsHA as a filler in PLA polymer
matrix was investigated. This research investigated the effects of FsHA filler on the thermal,
tensile properties and morphology of the PLA/FsHA composites.

Materials and Methods
Materials

Poly(lactic acid) resin (Ingeo 2003D) was purchased from NatureWorks LLC, USA
and dichloromethane from Sigma-Aldrich. FsHA powders were extracted from fish scales as
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reported previously [15], ball milled and spray dried into powders and sieved. Table 1 shows
the formulation of PLA/FsHA composite.

Table 1: The formulation of PLA/FsHA composite

Composite  100PLA  PLA/10  PLA20 PLA/30  PLA/40  PLA/50  PLA/70

FsHA  FsHA FsHA FsHA FsHA FsHA
PLA (Wt%) 100 90 80 70 60 50 30
FsHA (wWt%) 0 10 20 30 40 50 70

The PLA was dissolved in dichloromethane (DCM) solvent thoroughly by stirring for
1 hour. The FsHA powders were added into the PLA solution and stirrer for 8 hours. The
homogeneous mixture of PLA/FsHA was poured into the metal mold (size 254 x 254 mm)
and dried in oven for four hours to produce dried PLA/FsHA composite sheet. The steps of
sample preparation are shown in Figure 1. The PLA/FsHA composite tensile specimens were
prepared according to the ASTM D 638-03 before subjected to tensile test.

(a) (b) (c) (d)

Figure 1: Steps in producing of PLA/FsHA composite. (a) stirring PLA/FsHA in DCM at
room temparature, (b) casting in metal plate mould, (c) PLA/FsHA composite sheet and
(d) tensile specimen of the composite

Differential Scanning Calorimetry (DSC)

Thermal analysis was carried out using DSC (model: DSC1, Mettler Toledo) in order
to determine the melting point of the composite. Each sample, with a 10 mg average was
sealed in an aluminium pan and heated from room temperature to 200 °C at a rate of
10 °C/min in a nitrogen environment. The maximum peak was used to determine the melting
temperature (Tm).

Fourier Transforms Infrared Spectroscopy (FTIR)

The chemical properties of pure PLA and PLA/FsHA composites were analyzed to
identify the changes in functional groups of polymer by using Fourier transform infrared
spectroscopy (FTIR). A spectrometer (model: Nicholet 6700 series) was employed to obtain
the IR spectra. The composites samples were scraped out into powders and about 7 mg
composite powders were then placed direct scanning using Miracle ATR accessory (miracle
base optics assembly). FTIR was used with a resolution of 4 cm and scanning ranges of 4000
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to 600 cm™!. After each and every sample usage, ethanol was used the clean up the tester
placed.

Tensile Test

The mechanical properties of PLA/FsHA composites was monitored by using a
universal testing machine (UTM) (model: INSTRON machine 3366) with bluehill software,
USA equipped with a 10 kN load cell, the tensile test was performed in accordance with
American Society for Testing Materials ASTM D638. The test was conducted on specimen
until the failure took place at a cross-head speed of 50 mm/min. A Mitutoyo thickness gauge
and caliper were used to measure the specimen's thickness and width prior to the tensile test.
The narrow portion of the specimen had the gauge length of 50 mm. Averages of five tested
samples were made from the seven specimens of each composite composition and the tensile
test was carried out at room temperature.

Morphology

The morphology of the neat PLA and PLA/ FsHA composites were characterized by
using SEM machine (model: JEOL JSM-6490LV) operating at 20 kV in order to observe the
distribution of FsHA fillers in the PLA/FsHA composites. For getting better images and also
to minimize the electrostatic charge of the samples, the surface samples of the composite
were platinum coated with Quorum Q150R S.

Results and Discussion
Fourier Transforms Infrared Spectroscopy (FTIR) Analysis

FTIR was used to analyze the chemical structure and interaction between fillers and
matrix in the composites. The FTIR peaks correspond to the functional groups present in the
samples. The FTIR spectra of PLA and PLA/FsHA composite are presented in Figure 2.
FTIR spectrum of neat PLA exhibit absorption bands within the range from 3004 to
2937 cm’!, 1753 cm™ and 1061 cm™ correspondent to stretching of functional groups of C-H,
C=0 and C-O respectively. The phosphate groups from FsHA were identified by the bands at
1090 cm™, 1025 cm™ and 960 cm™ which corresponding to the stretching of P-O bonds as
reported by Chakravarty et. al. [12].

The FTIR spectrum of 10 wt% FsHA 1is virtually identical to that of neat PLA with the
exception of two additional peaks for the FsHA component that correspond to the PO4 and
O-H groups at 1195.14 cm™ and 1367.89 cm™. The chemical interaction between the FsHA
and PLA matrix is most likely involved peaks at 1753.12 cm™! (C=0) and 1367.89 cm™ (O-
H). The FTIR spectrum of 30 wt% FsHA is almost identical to that of 10 wt% FsHA, with
additional peaks for PO4> at 1042.48 cm™ [12]. FTIR spectrum of 50 wt% FsHA is almost
similar as 30 wt% FsHA, extra peaks are observed for 767.90 cm™ for C-H bending of
amorphous region in PLA.
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Figure 2: FTIR spectra of (a) neat PLA, (b) PLA/10FsHA, (c) PLA/30FsHA and
(d) PLA/SOFsHA

Muhamad et al. [17] claimed that the peaks at 3570 cm™ and 1989 cm™! corresponded
to the stretching and bending of the hydroxyl group (OH) present in the HA respectively, [17].
Sharma et al. [18] also made a similar observation and noted that a small, sharp peak at about
3572 cm' was indicative of the stretching of the OH groups. The FTIR analysis demonstrated
that the noticeable peaks seen at 3457 cm™! are indicative of the functional groups of OH
group in hydroxyapatite of sample PLA/50FsHA.

Differential Scanning Calorimetry (DSC) Analysis

The melting peaks of pure PLA and its composites are shown in Figure 3, indicating
the significant differences in their positions (Figure 3). The melting point (Tm) of pure PLA is
147 °C with 2 peaks and was shifted to a single peak of 145.9 °C after the addition of 50 wt%
FsHA. This behavior probably due to PLA matrix has lost of its conformational purity and
chain alignment throughout the mixing process [10]. It was found that the melting transitions
(Tm) of composite with composition of FsHA below than 50 wt% exhibited two melting
peaks (Tm1 and Tm2) which is similar to pure PLA.
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Figure 3: DSC melting thermograms of (a) neat PLA, (b) PLA/10FsHA, (c) PLA/30FsHA
and (d) PLA/50FsHA

Increasing of melting temperature of PLA/FsHA composite when the filler (FsHA)
content increased up to 30 wt% may attribute to the surface interaction between FsHA and
PLA matrix during mixing process. This finding was supported by FTIR results, which
demonstrated the peak shifted to that changes in the peak regions of the spectrum indicated
some degree of chemical interaction between the matrix and the FsHA.

Tensile Properties

The impact of PLA filler on tensile strength of composite is shown in Figure 4. The
results clearly showed that value of the tensile strength increased as the filler loading
increased up to 50 wt.% and then it decreased beyond of 50 wt.% of FsHA loading, (17.1
MPa to 23.3 MPa). This situation might be explained by the good interfacial interaction
between the FsHA filler and the PLA matrix that was attained using the solvent DCM
blending method. [12].

Figure 5 shows the Young’s modulus of PLA/FsHA composites with different filler
contents. It has been seen that the Young’s modulus results has similar trend to the tensile
strength results. It was clearly observed that the Young’s modulus values increased with the
increasing of FsHA filler contents and this trend was similar with the result found in previous
studies [13]. This finding was expected since the presence of DCM in composite might
enhanced the interaction between the filler and the matrix, thus it increased the stiffness and
strength properties of the PLA/FsHA composites [12].
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Figure 4: Tensile strength of PLA/FsHA composites with different filler contents
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Figure 5: Young’s modulus of PLA/FsHA composites with different filler contents
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Figure 6 shows the elongation at break (%) of PLA/FsHA composite with different
filler contents. It was observed that neat PLA exhibited ductile failure with the elongation at
break at about 127.8 %. The addition of 10 wt% FsHA filler into PLA has been drastically
reduced the elongation at break to 58.8 %. Generally, by adding rigid fillers such as FsHA
into PLA matrix has decreased the elongation at break of composite. The improvement of the
tensile strength was due to the rigidity and stiffness in FsHA by the extensive intra and
intermolecular hydrogen bond [15] and this is supported with the FTIR results obtained from

this study (Figure 2).
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Figure 6: Elongation at break of PLA/FsHA composites with different filler contents

SEM Analysis

SEM analysis was carried out to examine the surface morphology of the PLA and
composites (Figure 7). From Figure 7(a), the smooth surface and uneven structure was
observed for the PLA polymer. As the amount of FsHA filler contents increased up to 30
wt%, the surface of composite became rougher and porous structure (Figures 7(b) and (c)).
However, by addition of 50 wt% of FsHA fillers content in the composite, the bigger pores
on composite surface was clearly seen (Figure 7(d)).

Figure 8 shows the SEM micrographs of fracture surface of PLA/FSsHA composite
with different filler contents (10 and 50 wt% FsHA). According to SEM micrographs, the
fracture surface of the solvent cast PLA/FsHA composite exhibited fibril formation and
rougher surface. The formation of fibril-like and the rough surface structure of the
PLA/FsHA composite may resulted from the slow rate evaporation process of DCM solvent
as reported by Chakravarty et al. [12]. It has been found that the higher the filler contents, the
rougher the surface of composites. The result obtained from morphology analysis by SEM
was agreement with the research study by Chakravarty et al. [12].
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Figure 7: SEM micrographs of surface of PLA and composite (a)100 PLA, (b) PLA/10
FsHA, (c¢) PLA/30FsHA and (d) PLA/50FsHA

Figure 8: SEM micrographs of facture surface (a) PLA/10FsHA and (b) PLA/50FsHA
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Conclusions

Solvent casting technique was successfully used to prepare PLA/FsHA composite
sheet with different FsHA fillers contents. The addition of 50 wt% of FsHA filler contents in
the composite contributed to higher mechanical properties with the values of Young’s
Modulus and tensile strength of 2114.8 MPa and 23.3 MPa, respectively. SEM analysis
shows good distribution of FsHA fillers in the matrix. The interaction between FsHA fillers
and PLA matrix has been shown by FTIR and DSC analyses. Thus, it can be concluded that
the composite produced in this research has potential to be used in biomedical application as
this composite has good mechanical properties as a results of good interaction between FsHA
filler and PLA polymer matrix.
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