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ABSTRACT

Internal fixation plates are used to heal fractured fractures so they don't get displaced or deformed.
Placement of plates to stabilize until the bone heals. The current development of internal fixation plates is
made of biocomposite as a substitute for metal materials. PLA/PCL/nHA biocomposite using the cold
isostatic pressing method can increase density, decrease porosity and increase bending and tensile
strength. One of the main factors affecting the mechanical strength of the internal fixation plate is the
sintering temperature. The sintering temperature variations used were 140, 150, and 160°C with the
PLA/PCL/nHA biocomposite composition of 80/20/20 %wt. The aim is to obtain an internal fixation plate
with the characteristics and mechanical properties of the femur bone. FTIR test results for a mixture of
PLA, PCL, and nHA did not form chemical bonds, this is because PLA has hydrophobic properties which
makes it difficult for the matrix surface to bond between materials. There are no sharp crystal peaks and
broad valleys, so the crystal structure formed is amorphous, indicating that the material is easily degraded.
The sintering temperature of 150°C for the PLA/PCL/nHA blends from SEM photos shows a strong
interfacial bond, this can increase the density value and decrease the porosity value. These results are
consistent with the results of the bending and compressive tests which experienced an increase of 63.1 N
and 20.72 N/mm?,
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1.0 Introduction

Fractures due to traffic accidents are most common in the femur. Fractures can cause bleeding, internal
organ injuries, wound infections, and disability [1]. Healing of femoral fractures uses the internal fixation
of plates and screws that are placed on cracked or broken parts [2]. The installation is designed to support
and support body weight until the bone remodeling or bones heal [3]. Many plates internal fixations are
made of metal materials, such as cobalt, stainless steel, titanium, metal alloys, and composites [4,5]. The
advantages of metal materials are biological adaptation, biocompatible, corrosion resistance, rigidity, and
good mechanical strength [6]. Deficiency can in infection, discomfort, inflammation, traumatic patient,
risk of surgical complications, allergic reactions, stress shielding, two surgical operations, and high
treatment costs [7-9].

Healing of fractured and broken bones so that they are not displaced or deformed is provided with support
in the form of internal fixation plates and screws [1,2]. The installation is designed to stabilize and support
the body's weight until the bone heals and reunites [3]. The internal fixation of plates is mostly made of
metals such as stainless steel, titanium, and cobalt chrome alloy [4]. Metal materials have high mechanical
strength, good biological adaptability, and corrosion resistance [5-7]. However, problems arise due to the
installation of the metal plates internal fixation causing infection, allergic reactions, twice the operation
process, high handling costs, causing empty parts in the bone, and slowing down the healing process [8-
10]. Lacking these materials, biodegradable polymer materials are now more frequently developed
[11,12].

Internal fixation plates made of biodegradable materials basically have the ability to be degraded in a
biological environment and can be absorbed biologically [13,14]. In addition, it has the advantages of not
taking after bone healing, reducing operating costs, traumatic patients, comfort, no holes in the bones, and
painless [15-17]. Polylactic Acid (PLA) and Polycaprolactone (PCL) polymer materials are often used in
the manufacture of internal fixation plates [18,19]. The choice of this material is due to its gradual
degradation properties, biocompatible, non-toxic, ductile, impact toughness, hydrophobic, not
physiologically active, hydrophilic, good cell adhesion, and proliferation [15,20]. Solechan et.al (2022)
mixed PLA/PCL with varying composition weights using the cold compaction pressure method and
sintering at a temperature of 150°C. The result is that the PLA/PCL blends for the 80/20 %wt composition
have the best porosity and compressive strength of 8.62% and 51.13 N [21].

Paula and Marcelo (2019) made implants with PLA/PCL blends with a composition of 70/30 %wt using
sintering temperature variations of 160, 165 and 170°C at a compaction pressure of 25 MPa. The sintering
temperature of 160°C has the best tensile test value of 4.43 MPa [22]. Matta et al. (2014) combined a
mixture of PLA/PCL with a composition of 90/10, 80/20, and 70/30. Then sintering at temperatures of
170, 160, 150, 140, and 130°C. The best results are at a composition of 80/20 % wt at a sintering
temperature of 150°C with a bending strength of 4.96 MPa and a tensile test of 7.9 MPa [20]. The results
of the tensile and compressive strength in this study still cannot match the mechanical strength possessed
by the femur [23]. So it is necessary to increase the mechanical strength by adding reinforcing materials to
form composite materials [24-27]. Hydroxyapatite (HA) material with a nanometer size is very compatible
when combined with PLA/PCL blends [28]. The addition of nano-hydroxyapatite (nHA) to the PCL/PLA
blends can increase the mechanical strength and bioactivity of composite materials [19,29-32]. nHA is a
ceramic material that is compatible, osteoconductive, non-toxic, non-immunogenic for good absorption,
and able to improve mechanical properties [33,34]. Merging of PLA/PCL/HA biocomposite to strengthen
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the materials one another to form a material with good mechanical strength [29,35]. Kusumawardani, et.al
(2020) made implants with various PLA/PCL/HA biocomposite compositions which were heated at
150°C. Their study showed that the addition of 10 %wt HA is more suitable for bone graft applications
[36].

Research conducted by Rezania et al (2022) used PCL/HA material for 3D printer filament which was
made at a temperature of 150°C. The best composition, the addition of 20 %wt HA to the mechanical
properties showed an increase in compressive strength and young's modulus [37]. Then the research
conducted by Sadudeethanakul et al., (2019) using PLA/HA material with a heating temperature of 160°C
showed an optimum increase in flexural strength [38]. Jiao, Z, et.al (2019) made a scaffold with an FDM
3D printer. The material is PCL6800 powder added with HA nano and micro. The extruder temperature
variable is between 140-170°C for the 3D printer filament manufacturing process. The result is that the
addition of nano HA with an extruder temperature of 140 and 150°C has a connected porous structure,
uniform particle distribution and increased tensile strength. The tensile strength of nHA is higher than that
of micro HA, but the compressive strength is still below that of the manufactured scaffold [26].

The cold isostatic pressing method to form internal fixation plates from PLA/PCL/nHA biocomposites can
increase density, reduce porosity, uniform density, reduce distortion, smooth surface, increase tensile, and
compressive strength. The factors that influence the cold isostatic pressing method are compaction
pressure, sintering temperature, and holding time [39-42]. Therefore, this research analyzes plate fixation
of PCL/PLA/nHA biocomposite in 80/20/20 %wt composition with variations in sintering temperature to
determine its properties and mechanical properties. Sintering temperature variations ranging from 140-
160°C for optimal results have not yet been found. The temperature selection is based on the PLA melting
point of 1600C-220°C. It is hoped that the results of this study will be able to obtain an internal plate
fixation product with the same properties and mechanical strength as the strength of the femur bone to be
implanted to prevent stress shielding.

2.0 MATERIALS & METHODOLOGY

The Specimen in the form of tablets and plates for the testing process. The weight percentage of
PLA/PCL/nHA biocomposite composition 80+20/20 %wt. The PLA/PCL blends with a composition
weight percentage of 80+20 %wt was mixed then added 20 %wt nHA. The mixing of PLA/PCL/nHA was
carried out on a Bexco ball milling machine made in India at 80 rpm for 2 hours. After mixing, the process
of making the specimen is placed in the mold. The next process was compacted by cold isostatic pressing
at a compacting pressure of 40 MPa at room temperature. The specimen is taken from the mold in the
form of a green body which is then sintered. Variations in sintering temperature and parameters for
making specimens are shown in Table 1. The sintering process was in a laboratory oven type D1570 made
in Taiwan with a holding time of 2 hours. Specimens are cleaned and prepared according to the test
standards of each test process. Internal fixation plates specimen testing starts with Fourier Transform
Infrared Spectroscopy (FTIR), Scanning Electron Microscope (SEM), density, porosity, bending, and
tensile tests.

Tabel 1. Parameters of the PLA/PCL/nHA biocomposite and sintering temperature

Composition Compaction
PLA/PCL/nHA Pressure Temperature (°C) Specimen Testing
(Yowt) (Mpa)
140 -
80/20/20 40 Te§t|ng Spes_FTIR, X_RD, SEM,_
150 density, porosity, bending & tensile
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160 tests

PLA/PCL/nHA materials are imported from several countries. PLA polymer in powder form with
chemical formula (CgHgOs)n, density 1.24 gr/cc, melting point 160-220°C was made by Repreper Tech Co,
Kowloon, Hong Kong. The PCL material was obtained from Solve Interox Limited Warrington UK, in
powder form with the chemical formula (CsHgO>)x, density 1.1 gr/cc and melting point 58-60°C

For other materials, it is nano-Hydroxyapatite (nHA) powder with >99% purity and grain size of 500-100
nm. White nHA powder with a HA density of 3.076 gr/cm® and a melting point of 1100°C. nHA is
produced by Graphene Composite Kft, Kapsorvar Hungary.

3.0 Results and Discussion
3.1. Fourier Transform Infrared Spectroscopy

The FTIR spectrum graph of the PLA/PCL/nHA biocomposite is shown in Figure 1. The peak chemical
bonds of PLA/PCL/nHA are located at 2921.67 cm™ and 2853.89 cm™. Spectrum graphs were analyzed
using the IR Absorption characteristics table and compared with the spectra of PLA, PCL and pure nHA.
The spectrum measurement range is from 4000 to 500 cm™. The material spectrum area corresponds to the
table of absorption characteristics, elements belonging to PLA (CgHgHAs) and PCL (CsHioHA)2) are in
the results of the FTIR spectra of elements C, H, and O [42]. The spectrum graph shows the wideband for
C—H Stitch owned by PCL at the peak of 2921.67 cm™. It also indicates that the peak is in the stretching
band region according to pure PCL studies which is detected as CH; [43]. For the spectrum of PLA which
has a C=0 stretch bond which shows a strain band detected at the peak of the spectrum 1714.50 cm™. This
corresponds to the stretch C=0 bond that belongs to the group of carboxylic acids [44]. PLA is inert so it
does not have a group chain with a reactive side [45]. In the observation there were also C-O stretching
ester bonds at a frequency of 1320-1000 cm™ which were detected at the peak of 1155.65 cm™. These
results represent the spectrum of the PLA/PCL blends formed [21,44,46].

C= C-O vsPO43
100 N uEE
I : [ . 1oty
1 ] 1 1 1oy
I i 1 I oy
I 1. 1 1 1 Iy 1
1 1‘,: 1 1 1 : ] :
90 = b o
— =1 1
£ | 5 | . R
P i I
g °° | g I
= i [ [ i niee
I P i H IR ¥
2 Pl bl MHN C
S 70 b P AEHEE ’
o 1 I [ : N
[ P P I
I H 1 i o1
i 1 i I 11g 1
P b e
60 i ! 1 ! L
1 [ 1 H R
P = i
Vo = | VR
so LT (- i
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™')
Figure 1. FTIR spectrum on PLA/PCL/nHA composite materials
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The nHA material with a phosphate (vsP047) absorption band can be identified with a maximum of
around 1030 cm™ and a shoulder of around 1090 cm™ [47]. In his analysis for the crystallinity spectrum of
phosphate can evaluate the absorption of phosphate vsPO4. Calcium phosphate can be characterized by
the presence of an absorption band v, in the form of a maximal split in the presence of bands at 564 cm™
and 602 cm™. The results showed that the identified band was around 1040.98 cm™. The results of this
study can be concluded that the mixture of PLA, PCL, and nHA materials does not form chemical bonds,
because PLA has hydrophobic properties [48]. Some findings of biocomposite materials on the PLA
surface cannot chemically bond with the nHA powder surface [49].

3.2. X-Ray Diffraction

XRD testing on PLA/PCL/nHA biocomposite to observe the crystal form and structure contained in the
specimen. Figure 2 shows the peaks of the PLA/PCL/nHA bicomposite with three degrees of crystallinity
detected. Three specimens at sintering temperatures of 140, 150, and 160°C had peaks of 20=22.77°, 20=
24.07°, and 20= 22.51°. The three peaks formed from the peaks of the PLA/PCL/nHA biocomposite with
different sintering temperature variations according to a study conducted by Hooshmand, et.al (2014) [50].
The PLA/PCL/nHA biocomposite shows wide peaks positioned between 10° to 40° and shows prominent
peaks at 22° to 24°. The absence of sharp crystalline peaks and broad bases in the PLA/PCL/nHA
biocomposite indicates that the crystal structure formed is amorphous. This is in accordance with the study
of Hou, et.al (2019) that the XRD pattern of a mixture of PLA, PCL and nHA with overlapping PCL
crystal peaks in amorphous PLA [51]. This is characterized by indistinct peaks with low absorption
intensity [52]. The process of manufacture specimens with different melting points between materials
causes the formation of amorphous crystal structures. A low level of crystallity indicates that the material
is easily degraded in the body [51,53].
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Figure 2. XRD diffraction graph of PLA/PCL/nHA composite material

Although PLA and PCL have semi-crystalline properties after being mixed they become amorphous in the
PLA/PCL blends [54]. Amorphous properties are characterized by sharp peaks with low absorption
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intensity. This is due to the different degrees of deformation in the PLA, PCL and nHA molecules [21].
Polymers with different degrees of molecular deformation and high molecular weight are the main factors
that determine the degree of crystallinity [55].

PLA/PCL/nHA biocomposite has a low level of crystallinity which can shorten the degradation time
[49,56]. The intensity of the diffraction peaks of the PLA/PCL/nHA biocomposite does not increase with
increasing sintering temperature, because the formation of crystal structures is influenced by molecular
weight [51]. nHA causes a less uniform structure, irregular crystallization, and increased spacing between
layers. The presence of a low crystalline phase in all bicomposite specimens indicates an inhibition of
crystallization in the polymer matrix [57,58].

3.3. Scanning Electron Microscope (SEM)

The results of the SEM photos on a tablet specimen of PLA/PCL/nHA biocomposite obtained the
morphological structure of the specimen surface which was influenced by the sintering temperature
variable shown in Figure 3. SEM photo with 5000x magnification shows the morphological structure of
the nHA powder clearly visible in the form of white cubes. The PLA with the highest composition weight
is in the form of black lumps and is evenly distributed throughout the surface. Meanwhile, the PCL is in
the form of white lumps mixed with PLA. The results of SEM photos of PLA/PCL/nHA biocomposites
are in accordance with research conducted by Ferri, et.al (2016) and Wachirahuttapong, et.al (2016)
[23,59]. The SEM photo of the specimen at a temperature of 140°C in Figure 3a shows that the
PLA/PCL/nHA biocomposite still does not look perfectly bonded to each other because the PLA has not
melted. PLA and PCL are separate and have no ties to one another. PCL and nHA are positioned above the
PLA surface and are only attached as a small amount between the materials so that the bond between the
surfaces is not too strong. This is because PLA is in the form of a semi-crystal with a slow crystallization
rate, is hydrophobic, and if it has not reached the melting point it will be difficult to mix with other
materials [60]. Very high porosity and very deep holes all over the specimen surface due to too low
sintering temperature [29].
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Figure 3. SEM photo of PLA/PCL/nHA biocomposite a). 140°C, b). 150°C, c). 160°C

Figure 3a SEM photo of a specimen with a temperature of 150°C shows changes in the PLA/PCL/nHA
blends which binds each other between the material and the mixture evenly throughout the specimen
surface which can reduce the porosity value. The sintering temperature of 150°C for PLA material has
entered the semi-liquid phase, causing the surface energy and interface contact between the materials to
increase and reduce the agglomeration of nHA particles [61-63].

The porosity value is lower, the pores are small, and only a small portion of nHA powder is not mixed
with the PLA/PCL blends. This sintering temperature also accelerates diffusion to form stronger interfacial
bonds [41,64]. Increasing the sintering temperature to 160°C for a mixture of materials that do not bond
well with each other and the nHA powder has a lot of loose bonds as shown in Figure 3c. This is because
the PLA material has entered the melting point phase, which is between 150-162°C [29]. The surface of
the specimen forms an empty space due to air bubbles due to the boiling of the PLA liquid. These results
are in line with Noroozi's research. N, et.al (2020) high a sintering temperature causes the cavities to
enlarge and most of the bonds between materials release which occur at the ends and branches of the
mixture [65]. how to get optimal results, preferably the sintering temperature is 70-90% below the melting
point of the matrix material [66].

3.4. Density dan Porosity

The high or low porosity value depends on the density value [67]. The PLA/PCL/nHA biocomposite with

various sintering temperatures for the density and porosity test results is shown in Figure 4. The sintering

temperature of 140°C has the lowest density of 1.23 g/cm® and the highest porosity with a value of 5.75%.
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The low density results from enlarged pores and deeper porosity cavities which is proven from SEM
photos. The high porosity is caused by the mixture of PLA, PCL, and nHA there is no bond between the
material surfaces because the matrix material is under the solid phase. In the solid phase, the PLA/PCL
blends has not yet fused and nHA cannot be bound and covered by the matrix. The sintering temperature is
140°C for low viscosity, as a result, the ability to flow to fill a small space causes the density to decrease
[68,69]. The sintering temperature was increased to 150°C for the density value increased by 3.14% (1.27
glcm®) and the porosity decreased by 18.26%. The increase in the density value and decrease in the
porosity value is due to the wider surface contact area between the materials and changes in the structure
of the particles which can reduce the pore cavities [70].
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Figure 4. Density and porosity test results on composite materials

The bond between materials is stronger because the matrix material has experienced a liquid or melting
phase, thereby accelerating the diffusion process in the sintering process [21].

The melting temperature of the matrix material for PLA is between 152-220°C and for PCL between 58-
60°C[29,61,71]. The results of the density and porosity values at the sintering temperature of 160°C for the
values change. Density decreased by 2.36% (1.24 g/cm®) and porosity increased by 8.56%. The increase in
the porosity value is indicated by enlarged pores due to the matrix phase being in the liquid or boiling
phase which results in the formation of air bubbles. This incident causes air to be trapped in the PLA/PCL
blends and the matrix bond with nHA is released [52,72]. Decreasing and increasing the sintering
temperature at 140 and 160°C increases the porosity and decreases the density. The most optimal sintering
temperature is 150°C because the PLA/PCL/nHA biocomposites can be mixed, the pores are reduced and
the matrix material's melting point is below the melting point of 70-90% Tm [66,73].

3.5. Bending Test

The graph of bending test results for several specimens of PLA/PCL/nHA biocomposite with variations in
sintering temperature is shown in Figure 5. The results for bending strength are in newtons (N) and
displacement in millimeters (mm). Bending test results at a sintering temperature of 140°C for a bending
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strength of 45.50 N with a displacement of 5.65 mm. This compressive strength and displacement is the
lowest compared to other specimens. The bond strength of the material interface and the resulting flexural
strength decrease due to the sintering temperature being too low [74]. The low sintering temperature is
unable to reach the semi-liquid phase of the matrix material, this causes the pores to become large and the
density to decrease. These results are in accordance with research conducted by Hag, R. et.al., (2019) [75].

icement (mm)

Figure 5. Bending test results for PLA/PCL/nHA composite materials

The sintering temperature was increased to 1500C for the bending strength increased by 27.9% (63.1 N)
with a displacement of 9.8 mm (24.3% increase). The increase in compressive strength and displacement
is very significant. This increase was due to the mixture of PLA, PCL, and nHA being able to mix well
with the strong interfacial bonds shown by the SEM photos. The sintering temperature of 150°C makes the
matrix material experience a liquid phase which makes the material interface bonds bond and accelerates
the diffusion process.

This results in an increase in bending strength caused by a decrease in the porosity value and an increase
in the density value. The increase in bending strength is also affected by the increase in the dispersion of
nHA particles that can cover the pores [69,76].

An increase in the centering temperature of 160°C did not increase the bending strength and displacement
but decreased. Bending strength decreased by 8.6 % (57.7 N) with a displacement of 8.2 mm (decreased
16.3%). This corresponds to the decreased density value and increased porosity [38]. The results of the
SEM photos show that the bond between the materials is weak with the bond between the materials being
released, besides that the powder contact area is wider due to the sintering temperature being too high. The
matrix material experiences a liquid phase causing air bubbles to form resulting in air being trapped in the
specimen. The air trapped in the specimen is unable to escape because the holding time is too fast, causing
larger pores [77,78]. The presence of nHA in a matrix with a high sintering temperature results in
agglomeration as an initial fracture propagation due to the stress concentration during the bending test
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[69,79]. Bending strength is highest at sintering temperature of 150°C for bending strength still below the
femur of 130 N/mm? [80].

3.6. Tensile Test

Based on the results of the tensile test graph on the PLA/PCL/nHA biocomposite with variations in
sintering temperature for the lowest tensile strength and elongation, the specimen was 140°C, as shown in
Figure 6. This sintering temperature has a tensile strength of 17.18 N/mm? and 3.2% elongation. The low
tensile strength is caused by the PLA/PCL matrix being unable to bind and envelop nHA. The temperature
is too low to make the matrix has not experienced a semi-liquid phase. The matrix material has not yet
melted so that the bond between the material surfaces becomes weak, thereby reducing the tensile and
compressive strength [18,23,81]. The bond strength between materials is only obtained from high
compaction pressure which can increase density but still high porosity. The sintering temperature was
increased to 1500C for an increase in tensile strength of 17.1% (20.72 N/mm?) and elongation to 4.6%.
The increased tensile strength is evidenced from SEM photos which show lower porosity, smaller pores
and increased density. The sintering temperature of 150°C is in the range of 70-90% below the melting
point of the matrix material and is in a semi-liquid state to support the diffusion process between materials
[63,82]. The condition of the semi-liquid phase makes the bond between the matrix (PLA/PCL) and nHA
stronger, the contact area is larger, the flow is good, the agglomerate is reduced and the pores are smaller
[83,84].

The sintering temperature of 160°C, the density value decreases and the porosity increases, making the
tensile strength slightly weaker. The tensile strength obtained is 20.01 N/mm? and the elongation is 4.4%.
The weakening of the tensile strength is caused by the release of bonds between the materials and the
emergence of large new pores due to too high sintering temperature. The sintering temperature of 160°C
for the matrix condition is already in the boiling phase and generates a lot of air bubbles [60,85]. The large
number of air bubbles in the specimen causes porosity, although not as much as the sintering temperature
of 140°C. The tensile test results of the three specimens for elongation values were still low, namely below
5%. This shows that the PLA/PCL/nHA biocomposite is brittle, brittle, easily broken and inelastic [67,86].
This is due to the too large percentage of the nHA composition which makes it brittle and high in stiffness
[87]. The best results of the tensile test were at a sintering temperature of 150°C, but the tensile strength
was still far below the tensile strength of the femur of 50 MPa, so it was necessary to find the right
sintering temperature [11].
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Figure 6. Tensile test results for PLA/PCL/nHA composite materials

4.0 Conclusions

The PLA/PCL/nHA biocomposite from the FTIR spectra chart detected C—H and CH; elements belonging
to PCL, C=0 bonds and C-O ester bonds detected belonged to PLA, and the absorption band vsP04™ was
detected to belong to nHA. The mixture of PLA, PCL, and nHA materials does not form chemical bonds
because PLA has hydrophobic properties. The PLA/PCL/nHA biocomposite showed non-sharp peaks and
wide valleys indicating that the crystal structure formed was amorphous. The amorphous crystal structure
has a low level of crystallity and indicates that the material is easily degraded. Sintering temperature of
150°C from SEM photos shows a mixture of PLA/PCL/nHA that binds to each other at the material
interface, the mixture is uniform, and the pores are smaller. This results in an increase in the density value
and a decrease in the porosity value due to the wider surface contact area between the materials. The
results of bending and compressive tests at sintering temperatures of 150°C had the highest values of 63.1
N and 20.72 N/mmZ. This result is still far below the mechanical strength of the femur used as an implant
medium, so it is necessary to find the optimal sintering temperature.
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