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Abstract: In the current paper, nanobiocomposite consisting of polylactic acid (biodegradable) (PLA) and
nanchydroxyapatite (bioactive) (n-HAP) extracted from bovine bone was fabricated through melt mixing and
injection moulding technique for biomedical applications. Partially biogenic nanohydroxyapatite was obtained
from bovine bone by hydrothermal method and calcination treatment without using of any chemicals/solvents.
Physicomechanical properties of neat-PLA and PLA/n-HAP nanobiocomposite were evaluated using X-ray
diffraction (XRD), universal testing machine (UTM) and scanning electron microscopy (SEM). XRD result
showed that the intensity of n-HAP peaks increased in the nanobiocomposite as h-HAP-900 loading increased.
Tensile strength decreased with increasing the n-HAP-900 loading from 56.78 to 48.25 MPa due to poor interfacial
adhesion between neat-PLA and n-HAP. PLA/n-HAP with 1% loading exhibits tensile strength potential for bone
implant application and can be promising biomedical materials for orthopedic applications.
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1. Introduction

The number of patients suffering from bone problems such as bone degradation and bone defects besides other
related problems develops at an alarming percentage. Research is underway to decrease this figure since most medical
procedures such as autografts and allograft are often escorted by specific restrictions [1,2]. Moreover, the problems
associated with metallic implants such as stress shielding, non-degradation, poor adhesion, creep, metallic ion release,
and problems of biocompatibility with host tissues limits its application in the biomedical field. Attention is
consequently focused on the development of biodegradable bioactive composite which are appropriate for bone
replacement, and which can provide the expected efficiency [3,4]. Among these, the composites of polylactic acid
(PLA) and hydroxyapatite (HAP) gained a lot of consideration. PLA is considerably studied as a synthetic
bioabsorbable polymer for potential applications in bone tissue engineering. The advantages of PLA are its
bioresorbability, biocompatibility, biodegradability, versatility and ease of manufacturing [1,5] Though, PLA alone
often does not have the mechanical strength required for loading application, lack of ability to integrate with the bone
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and discharge acidic degradation products that may have adverse effects on the tissue response [6]. Alternatively, some
research has reported that pure polymer implants ordered for bone reconstruction were not practical [7]. So far, many
approaches have been studied for the modification of the PLA structure to enhance its physical and mechanical
properties [8,9]. The incorporation of the nanoparticles of HAP is one of the effective procedures. n-HAP is the chief
mineral component of human bone and consequently has good tissue biocompatibility and bioactivity. PLA/n-HAP
nanobiocomposites combine n-HAP bone binding and osteoconductivity with the easy processing assets of PLA.
Furthermore, n-HAP can be used to neutralize its acid degradation products, delay the initial degradation of PLA and
improve the mechanical performance of the composite. Additionally, the incorporation of the n- HAP into the PLA was
found to favor bone tissue growth in implants while the polymer was slowly absorbed into the body without aseptic
reactions [3,10,11]. Therefore, PLA/n-HAP nanobiocomposites have the prodigious potential for applications in
biomedical implant materials due to its good bioactivity, absorption and degradation properties [12-14]. The PLA
matrix would adapt the flexibility, ductility and biodegradability of composites and n-HAP would offer
osteoconductivity. There are insufficient publications involving injection moulding of PLA/n-HAP nanobiocomposite
systems composed of PLA and biogenic n-HAP. Consequently, it would be fascinating and significant to explore the
properties of injection molded PLA/n-HAP nanocomposites, which could provide a good groundwork for the
fabrication of PLA-based biomedical composite with good inclusive performance [5]. Therefore, injection moulding
technology was employed to fabricate PLA/n-HAP nanocomposite in this current research. The aim of this study is to
explore the physicomechanical properties of nanobiocomposite composed of PLA and biogenic n-HAP in order to
investigate its suitability for loadbearing bone implant applications.

2. Materials and methods

The fresh cortical bone of adult bovine (~2-3 years old) was used as raw material. The bovine bone was purchased
from the local market of Malaysia (Parit Raja). Commercial grade polylactic acid (PLA) (Ingeo™ biopolymer 3052 D),
having melt flow index (MFI) value of 14 g/10 minute and specific gravity of 1.24, was purchase from Nature Works
LLC, USA. Mechanical properties of the PLA-HA composites were evaluated by UTM and effect of n- HAP loading in
the PLA matrix was examined by SEM.

2.1 Extraction of biogenic n-HAP

Extraction of biogenic n-HAP was carried out according to the method of Bano et al.[15, 16]. In short, bovine
bones were cleaned with water and any residues inside the bones were detached manually by a stiletto. Then the bones
were cut into small pieces, boiled with water for 2 to 3 hours and washed with distilled water several times. The
cleaned bone pieces were sterilized in an autoclave using distilled water for 60 minutes at a high pressure of 0.4 MPa
and at a temperature of 129°C. Finally, the bone pieces were dehydrated in an oven at 80°C for 3 days to denaturalize
the protein. After that, dry pieces of bovine bone were abridged to small particles by means of the crusher. The crushed
bone was subjected to ball milling process for 24 hours at 250 rpm. Bovine bone powder was obtained by sieving. The
achieved particle size of bone powder used in this study was 25um. The powder samples of n-HAP were calcined in a
furnace with 3 hours holding time at a heating and cooling rate of 5°C/minute at temperatures of 900°C which named as
n-HAP-900.

2.2 Fabrication of PLA/n-HAP nanobiocomposite

Different formulations of PLA/n-HAP-900 nanobiocomposites samples were fabricated by melt mixing method in
two roll mill model PW3000. At first, PLA and n-HAP-900 were dried in a vacuum oven at 60°C for 24 hours to
eliminate residual moisture prior to the melt processing to prevent its degradation due to hydrolysis during processing
as suggested by Chieng et al. [17]. PLA/n-HAP nanobiocomposites were prepared by varying n-HAP-900 loading
(Awt%, 3wt% and 5wt %). PLA as a matrix and the extracted biogenic n-HAP calcined at 900°C were melt-mixed
using a two-roll mill machine. Temperature limits of the front and behind rolls are 180°C whereas the roller speed was
set at 80 rpm., n-HAP was fed into the roller carrying the pre-melted PLA, to ensure appropriate mixing and
compounding as reported in the literature [18]. Total mixing time was retained constant to 10 minutes for PLA and all
the nanobiocomposites to ensure similar thermal history. The collected nanobiocomposites were cooled and cut into
smaller pieces using a crusher. The crushed samples were kept in air tight plastic bags for further processed by injection
molding. Dumbbell-shaped specimens were produced by injection moulding machine at 190°C and 20 MPa for 10 min.
and cooled to room temperature at 5 MPa.

3. Characterizations

X-ray diffraction studies on the n-HAP, neat-PLA and PLA/n-HAP-900 nanobiocomposite were carried out using
a high-resolution X-ray diffraction (XRD Model Bruker D8 Advance). The scanning range (26) was achieved from 10°
to 80° in a reflection mode with a step size of 0.02° per second at room temperature. All patterns were operated at 40kV
and 40mA. The files for n-HAP (Card No. 09-432 was used to identified relative proportions of n-HAP phases present
in the nanobiocomposite sample analyzed. The tensile test of PLA/n-HAP-900 nanobiocomposites containing (0wt%,
1wt%, 3wt% and 5wt%) of n-HAP was performed on a universal testing machine (UTM) (AGS-J Shimadzu) at room
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temperature in accordance to 1ISO 527-1B (1993) with effective dimensions of 75mm X 12.3mm x 2mm and a 25 mm
gauge length. Tensile strength was measured with a crosshead speed of 5mm/min. and a load cell of 5kN on dry
samples. Data for tensile test were recorded. At least 5 specimens were used for each set of nanobiocomposite and
average results were taken as the resultant value. A scanning electron microscope (SEM) (HITACHI SU1510)
operating at 15kV was used to visualize fractures surfaces morphology of the neat-PLA and PLA/n-HAP-900
nanobiocomposites having different wt% of n-HAP-900 to check the effect of n-HAP loading in the PLA matrix. All
samples were coated with a thin layer of Gold/Palladium (Au/Pd) before examining. From the SEM analysis of neat
PLA and PLA/n-HAP-900 nanobiocomposites, information about the microstructure and interaction between n-HAP-
900 filler and PLA matrix of a composite was obtained.

4. Results and discussion

4.1 XRD analysis
Fig. 1 shows the relevant XRD patterns of the neat-PLA, n-HAP-900 and PLA/n-HAP-900 nanobiocomposites

having different n-HAP-900 loadings. The XRD patterns exhibit the characteristics peaks of the PLA and n-HAP phase
except for the differences in peak absolute intensity of the diffraction patterns. These sharp peaks observed in Fig. 1.
designate nanocrystalline nature of the extracted n-HAP samples. The prominent diffraction peaks at 26 values of
25.80°, 28.40°, 31.48°, 32.68°, 34.89° and 40.04° corresponding to the (002), (210), (211), (300), (202) and,(310)
miller planes for n-HAP-900 and were matched with the JCPDS card 9-432 of HAP [19].
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Fig. 1 - XRD pattern of n-HAP-900, neat-PLA and PLA/n-HAP-900 nanobiocomposites with different wt%o of n-
HAP-900 loading (a) neat PLA (b), PLA/1%n-HAP-900, (c) PLA/3%n-HAP-900, (d) PLA/5%n-HAP-900 and (e)
n-HAP-900

The XRD pattern of neat-PLA (Fig. 1 (a)) shows a characteristic of a broad peak at 20 values of 16.80°. This wide
diffraction peak of the nanobiocomposite can be attributed to amorphous PLA as reported in the literature [20]. The
intensity reduction of XRD pattern of neat-PLA peaks in the nanobiocomposite indicates that the interfacial bonding
between n-HAP and PLA changes neat-PLA crystal structure and decreases its crystallinity [21]. Because PLA is
hydrophobic and n-HAP is hydrophilic therefore hydrogen bonding is formed between carbonyl groups from PLA and
hydroxyl groups from n-HAP leading to the formation of nanobiocomposite.

4.1 Tensile strength
In this study, all PLA/n-HAP-900 nanobiocomposites showed similar inclinations. With increasing n-HAP

loading, tensile strength decreased. Higher filler loading has changed the nanobiocomposite from ductile to brittle as
stated by Gay and coworkers [22]. The tensile strength result of neat PLA and PLA/n-HAP-900 nanobiocomposite at

different wt% of n-HAP (1-5wt%) is presented in Fig. 2.
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Fig. 2 - Tensile strength of neat PLA and PLA/n-HAP-900 nanobiocomposites with different n-HAP loading

It is observed that the tensile strength is decreased when the n-HAP loading is increased. This indicated the weak
interaction between the n-HAP and neat-PLA at higher filler loading. The tensile strength for pure PLA is 59.23 MPa.
This value had reduced to 56.78 MPa, 52.65 and 48.25MPa after incorporation of 1wt%, 3wt% and 5wt% of n-HAP
respectively, into the PLA. At 1wt% n-HAP content, the tensile strength of the nanobiocomposite was 56.78 MPa
which is a reduction of about 2.59% in respect to neat-PLA. Further increase in n-HAP loading to 3wt %, the tensile
strength was 52.65MPa which is a reduction of about 11.10% in respect to neat PLA. Additionally, with respect to the
1% n-HAP, the tensile strength of the 5 wt% n-HAP decreased by 15.0216%. This decrease can be associated with the
low strength of n-HAP as reported in the literature [23], possibly due to the elimination of organic components during
extraction. Similarly, it was stated in the literature that the mechanical properties of PLA/HAP nanobiocomposites are
greatly dependent on the dispersion of n-HAP into the PLA matrix [24].

Consequently, distribution issues may be accountable for the experiential decrease in tensile strength as the n-
HAP loading upsurges. The osteoconductive n-HAP filler intermingles in two ways; chemically due to chemical
interactions between the polar groups of n-HAP (-OH) and PLA (—OH, —-COOQ and —C=0) and additionally, physically
as the particles are highly porous, increasing the surface tension (due to surface roughness (dispersive component)) as
reported by Zhang et al. [25]. Both interactions make the interfacial adhesion between the neat-PLA and the n-HAP
increase and, subsequently, the rigidity of the fabricated nanobiocomposites [26]. It is worth noting that, although the
tensile strength decreased upon an increase in n-HAP loading, the results obtained for PLA/n-HAP-900
nanobiocomposites with different n-HAP loading are able to mimic the tensile strength of cortical bones (50-60MPa)
[27].

4.2 Scanning Electron Microscopy (SEM)

Fig.3 illustrates the SEM fractography of the tensile fractured surface of neat-PLA and PLA/n-HAP-900
nanobiocomposites with 1wt%, 3wt% and 5wt% n-HAP-900 loading at 500X magnification. It can be seen that neat-
PLA shows a comparatively smooth fracture with crinkles of wavy lines, demonstrating characteristic brittle fracture
behavior. There is no n-HAP-900 loading seen in the image confirming the neat-PLA (Fig. 3 (a)). Related to the neat-
PLA, the fracture surfaces of PLA/n-HAP-900 nanobiocomposites exhibited significantly different fractured surfaces
whereby much rougher fracture surfaces are observed as the loading of n-HAP-900 increased (Fig. 3 (b-d)). Based on
the observation, it is evidenced that n-HAP-900 particles were dispersed homogeneously and individually in the PLA/n-
HAP-900 nanobiocomposite with 1 to 5 wt% n-HAP-900 loading. In some part of the nanobiocomposites
agglomeration of particles can be found and some parts were left with voids due to the detachment of n-HAP-900 filler.
Upon addition of 3wt% n-HAP-900, presence of voids can be detected in Fig. 3 (c). However, from Fig. 3 (d), it can be
observed that the n-HAP-900 particles were agglomerated at some places when the n-HAP-900 loading was increased
(5 wt%).
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Fig. 3 - SEM fractography of fractured surface of PLA/n-HAP-900 nanobiocomposites with different wt% of n-
HAP-900 loading (a) neat-PLA (b), PLA/1%n-HAP-900, (c) PLA/3%n-HAP-900, (d) PLA/5%n-HAP-900

Furthermore, the poor interfacial adhesion of the PLA matrix with the n-HAP-900 at higher loading (3 wt% and 5
wt%) is noticed in Fig. 3 (c and d). These observations are in line with the decrease in mechanical properties detected
with the addition of 5 wt% of n-HAP-900 loading. The voids adjacent to n-HAP-900 particles proposed that the
interface between neat-PLA and n-HAP filler needed to be enhanced, as the voids may lead to early failure of the
nanobiocomposite, consequently restraining the mechanical properties of neat-PLA based nanobiocomposite.
Fundamentally, a good distribution of the inorganic filler in the PLA matrix is essential during melt compounding [28].
Therefore, while melt compounding produced a good distribution of the n-HAP-900 filler in the PLA matrix, the
degradation of PLA was another concern for mechanical improvement [29].

5. Conclusion

Biogenic n-HAP has been successfully extracted from bovine bone and successfully used to prepare PLA/n-HAP-
900 nanobiocomposite via melt compounding cum injection moulding. XRD result showed that the intensity of n-HAP
peaks increased in the biocomposite as n-HAP-900 loading increased. These changes indicate that n-HAP crystal
structure changes after biocomposite formation. Tensile strength decreased with increasing the n-HAP-900 loading
from 56.78 to 48.25 MPa due to poor interfacial adhesion between neat-PLA and n-HAP. SEM fractography evidenced
that the n-HAP-900 particles were agglomerated at some places when the n-HAP-900 loading was increased (5 wt%)
and a transition from ductile surface to brittle surface Therefore it is determined that 1 wt% of n-HAP loading in to
PLA matrix gives the tensile strength value of 56.78 MPa which also mimic the tensile strength of cortical bones (50-
60 MPa). Thus, it is concluded that PLA/n-HAP-900 nanobiocomposite can be promising biomedical materials for
orthopedic applications.
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