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ABSTRACT

Most patients with fracture injuries due to accidents are the femur. Internal fixation of plates and screws as
a medium for healing femoral fractures. Internal fixation of plates from PLA/PCL biodegradable polymers
is the most widely used to replace metals. Biodegradable polymers have many weaknesses in terms of
mechanical strength which is still low and the rate of degradation is difficult to control. The addition of
nHA reinforcement to form composite materials with the cold isostatic pressing method at high
compaction pressure can increase mechanical strength. PLA/PCL/nHA composite materials were made
into specimens for characters that can reduce the porosity’s size and increase mechanical strength. High
compaction pressure has no significant effect on material properties. The proof is that the FTIR test of the
three specimens still has band peaks which are identified as elements of the PLA/PCL/nHA composite
material. The XRD test results prove the same, which show a widened diffraction peak. This means that
there are no crystal peaks in the composite material, this proves that the structure is amorphous, the level
of crystallinity is low and the degradation time is faster. The most optimal compressive and tensile
strength test results at a compacting pressure of 40 MPa with a compressive strength value of 71.2 N and a
tensile strength of 23.36 N/mm2. This compaction pressure can reduce the porosity’s size, the surface is
smoother, the interfacial bonds are stronger, the density is high and the mechanical strength increases
larger. However, the compressive and tensile strength is still below the strength of the femur bone at the
implant site.
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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,
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risk of surgical complications, allergic reactions, stress shielding, two surgical operations, and high
treatment costs [7-9].

Evaluation of the lack of internal fixation of metal plates, now the use of biodegradable and biocompatible
polymer materials is more developed and researched [10-12]. Internal fixation of plates from
biodegradable polymers has many advantages, including no post-healing bone removal, degradation in the
body, comfort, painlessness, and reduced operating costs [13,14]. Meanwhile, the drawbacks are low
mechanical strength, difficulty to mix, low adhesion, and the rate of degradation is difficult to control
[15,16]. Polylactic Acid (PLA) and Polycaprolactone (PCL) as biodegradable polymers are often used in
the manufacture of plate internal fixation [17,18]. PLA and PCL have gradual degradation properties, the
rate of degradation can be controlled, high impact toughness, and able to transfer loads from the
supporting structures of the body when the bone has been remodeled [19-21]. PCL mixed with PLA can
increase the ductility and toughness of the internal fixation of the plate. PLA is better than PCL in terms of
cell adhesion and proliferation due to its hydrophilic nature, while PCL has hydrophobic properties and is
not physiologically active so cell growth does not occur when in contact with biological cells [22,23].

Ferri. J et al. (2016) conducted a mixture of PLA/PCL materials for a mixture ratio of 70/30 to have
optimal results [24]. The highest elastic modulus, increased impact strength, and small crack development,
but the strength are still below the buckling strength of the femur of 130 MPa [25]. Fortelny et al. (2019)
made an internal plate fixation of PLA/PCL with the most optimal composition of 80/20. The result is that
the toughness is quite high, the tensile strength increases by 20%, and the stiffness decreases, but the
tensile strength is still below that of the femur [26]. Mechanical strength is still low, so it is necessary to
increase its strength by adding reinforcing materials to form composite materials [15,16]. Nano
hydroxyapatite (nHA) is a ceramic material that many researchers recommend as a reinforcing material
for PLA/PCL blends [27,28]. The advantages of nHA are that it has biocompatible, osteoconductive, and
noncytotoxic properties, is very hard, has a slow degradation rate and its crystal biology is similar to
human bone. However, nHA has drawbacks including being difficult to mix, brittle, low elasticity, and
limited application [29,30]. PLA/PCL/nHA is a composite material that can increase mechanical strength
and control the rate of degradation [18,31].

Combining PLA/PCL/nHA composite materials to reinforce each other so that good mechanical strength
is formed [32,33]. The addition of nHA made through the cold isostatic pressing method with variations in
compacting pressure can increase density, reduce porosity, uniform density, increase hardness, reduce
distortion, and smooth surfaces [34-37]. Fitriyana et al. (2022) examined the effect of using mixed HA on
PLA/PCL (80/20 wt%) with variations in compaction pressure. As a result, the addition of HA improves
the mechanical, physical properties, and the degradation can be controlled. However, the addition of HA is
greater for faster degradation [38]. Balbinotti. P et al. (2011), made implants with HA/Ti composite
materials using the hot isostatic pressing method. Compaction pressure 600 MPa, temperature 1200°C for
2 hours in an argon atmosphere. HA exhibits a more uniform agglomerate distribution and higher
compressive strength [39].

Guangyao et al. (2016) performed the characterization of Hydroxyapatite/Magnesium (Hap/Mg)
composite materials for biomedical implants using a powder compaction process. The composition of the
HAp content is 5, 10, and 15%. The mixture was compacted at a pressure of 40 MPa with a hot isostatic
pressing temperature of 5000C for 10 minutes. The addition of 15% HA can be uniformly distributed, high
density, and increased compressive strength [40]. The manufacture of internal fixation of plates by hot
isostatic pressing has been extensively studied, while cold isostatic pressing has not been studied
intensively. This research wants to know the variation of powder compaction pressure using the cold
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isostatic pressing method in the manufacture of internal fixation plates with PLA/PCL/nHA composite
materials. This material is expected to have the same characteristics and mechanical strength as the femur
bone implanted with internal fixation plates.

2.0 MATERIALS & METHODOLOGY

Materials for making specimens for internal fixation of plates using PLA/PCL/nHA composite materials.
PLA material in powder form with the chemical formula (C6H805)n, density 1.24 gr/cc, melting point
175-220°C was made by Repreper Tech Co, Kowloon, Hongkong. PCL material obtained from Solve
Interox Limited Wand arrington UK, in powder form with the chemical formula (C6H802)x, density 1.1
gr/cc and melting point 58-60°C nHA material as a reinforcing material with a powder size of 500-100 nm
with >99% purity. It is white in color, has a density of 3.076 gr/cm3, and a melting point of 1100°C. nHA is
manufactured by Sigma-Aldrich Pte Ltd, Pasir Panjang, Singapore. The composition of the composite
material for PLA/PCL/nHA tablet and stem specimens with a percentage of 80+20/20 wt% for the total
weight is shown in Table 1.

Table 1. Specimen weight of PLA/PCL/nHA composite material composition
PLA8O %wt  PCL20% wt nHA20% wt Total Weight

Specimen

(CI) (gn) (gn) (ar)
Tablet 0,96 0,24 0,3 1,5
Stem 12,8 3,2 4 20

Preparation of specimens from PLA/PCL/nHA composite materials using the cold isostatic pressing
method of powder compaction. First the process of weighing the PLA/PCL/nHA material using an
analytical balance with an accuracy of 0.0001g. The second is mixing PLA/PCL/nHA material with ball
milling brand Bexco made by Haryana, India at 80 rpm for 2 hours. Furthermore, the compaction process
using the cold isostatic pressing method at a temperature of 30°C with a pressure variation of 30, 35, 40
MPa. Taking the green body from the mold, then sintering it with a temperature of 150°C in an industrial
digital oven type D1570 made in Taiwan. The holding time for 2 hours in the digital oven. The finish
process is testing the specimen with Fourier Transform Infrared Spectroscopy (FTIR), Scanning Electron
Microscope (SEM), density, porosity, bending, and tensile tests.

3.0 Results and Discussion

3.1. Fourier Transform Infrared Spectroscopy

FTIR test results with detected spectrum pattern at 2921.29 cm™ and 2853.33 cm™ with wide bands for C—
H stretch elements in PCL are shown in Figure 1. This indicates that the peaks are in the region of the
stretching band according to the PCL material detected as CH, [41]. PLA was detected at the peak of the
spectrum of 1715.31 cm™ according to the C=0 stretch bond included in the carboxylic acids group. The
PCL spectrum which has C-O ester bonds in the range 1300-1000 cm™ it is detected from a peak of
1152.49 cm™ and this represents the spectrum in the PLA/PCL blends [12,42,43]. PLA is inert so it does
not have a group chain with a reactive side [44]. Absorption bands (v;P0473) of nHA were identified
around 1030 cm™ and 1090 cm™.

These results are in accordance with the research of Dahlan et al. (2006) for HA identified around 1042.54
cm™. Analysis of the spectrum of phosphate crystallinity can evaluate the absorption of phosphate
v,4P047, Calcium phosphate can be characterized by the presence of the absorption band v, in the form
of a maximal cleavage with the presence of bands at 564 cm™ and 602 cm™ [45]. These results prove the
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similarity of the maximum spectrum peaks at 562.60 cm-1 and 601.73 cm™. The presence of identified
band peaks indicates the presence of peaks from the PLA/PCL/nHA composite material. the findings in
the composite material caused the PLA surface to be unable to bond chemically with the nHA powder
surface. These results were concluded because the PLA/PCL blends, and nHA did not form chemical
bonds, this was because PLA had hydrophobic properties [46].
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Figure 1. FTIR spectrum on PLA/PCL/nHA composite materials
3.2. X-Ray Diffraction

PLA/PCL/nHA composite material specimens with various compaction pressures of 30, 35, and 40 MPa
were subjected to the XRD test. This test examines the change in patch crystallinity of the diffraction
peaks in the measurement range of 5 to 90° (20). The results of the XRD test with variations in pressure
are shown in Figure 2 to see the crystal form, structure, and elements in the specimen. Compaction
pressure at 30, 35, and 40 MPa showed peaks of 20=23.58°, 22.51°, and 22.26° at the same intensity level.
The three peaks formed belong to the PLA/PCL blends [12]. While nHA is formed at the peak of 20 = 26°.
This indicates that the PLA/PCL/nHA composite material only shows a broad peak positioned between
10° and 40°. The absence of sharp crystalline peaks in the PLA/PCL/nHA composite material indicates
that the structure formed is amorphous [47]. In accordance with the research conducted by Hou et al.
(2019) for the XRD graphic pattern of the PLA/PCL blends with overlapping crystal peaks of the PCL
phase in the amorphous PLA phase [48].

PLA is amorphous in PLA/PCL blends, which is characterized by non-sharp peaks with low absorption
intensity. This is due to the difference in the degree of deformation of the PLA and PCL molecules during
the specimen-making process. This proves that the PLA/PCL/nHA composite material has a low level of
crystallinity which can shorten the degradation time or high degradation rate [46,49]. The presence of
nHA causes a less uniform structure and regular crystallization, the distance between the PLA layers
increases, which indicates an amorphous phase [50]. The presence of a low crystalline phase in all
composite material specimens indicated the presence of 20%, which inhibited crystallization in the
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polymer matrix. The intensity of the PLA and PCL diffraction peaks did not increase with HA content.
instead, everything got smaller and wider. The presence of nHA disrupts the molecular arrangement of
PLA and PCL, thereby preventing crystal formation. this has no effect on variations in powder compaction
pressure [51].
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Figure 2. XRD diffraction graph of PLA/PCL/nHA composite material

3.3. Scanning Electron Microscope (SEM)

SEM photos of tablet specimens on PLA/PCL/nHA composite materials with various compaction
pressures of 30, 35, and 40 MPa are shown in Figure 3. The SEM photo of the specimen at a compaction
pressure of 30 MPa in Figure 4a shows white granular nHA evenly distributed over the entire surface.
nHA and PCL are on the surface of PLA. PCL is in the form of a white agglomerate, while PLA is black.
Low compaction pressure results in high porosity, large pores, and nHA only adhering to the surface. The
surface bond between PLA and PCL is not very strong because little is mixed and it reduces the material
interface contact. This finding is in line with research conducted by Gong. M et al. (2017). Increasing the
compaction pressure to 35 MPa can increase the surface energy and interfacial contact between the
PLA/PCL blends and nHA as shown in Figure 4b [52]. Besides that, it is able to reduce the agglomeration
of nHA particles with a polymer matrix [41,53]. The porosity value is smaller, the pore holes are shallow,
and not as abundant as at a compaction pressure of 30 MPa. Figure 4c from the SEM photo shows very
little porosity, small pore holes, smoother surface, and high density due to the increased compaction
pressure to 40 MPa.

The high compaction pressure in the cold isostatic pressing method can expand the material interface
contact. This accelerates diffusion to form stronger interfacial bonds that occur in the sintering process
[36]. The PLA/PCL blends are uniformly distributed and thoroughly mixed making porosity reduced
which can add to high tensile and compressive strength [39,40].
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The high compacting pressure was unable to adhere the nHA into the PLA/PCL blends and only stuck to
the surface of the material, resulting in low interfacial bond strength. The nHA particles do not stick
together in the polymer matrix due to dispersion problems that occur during the mixing process of the raw
materials. A mixture of nHA particles with PLA/PCL needs to be added with a coupling agent or
chloroform to increase the wettability of the particles which can reduce agglomeration and produce a
homogeneous dispersion of nHA particles [29,54].
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Figure 3. SEM photo of the specimen on the composite material at compaction pressure a). 30, b). 35,
and c). 40 MPa

3.4. Density dan Porosity

Density and porosity testing used a densitometer scale MH-300A which was carried out in 2 stages. The
first stage of the actual test is weighing the specimen in dry and wet conditions. the second stage is
calculating the theoretical density [55]. Actual and theoretical density values to find porosity in percentage
units (%). Density and porosity tests have a correlation that influences each other. Table 2 shows the
results of testing the density and porosity of the PLA/PCL/nHA composite material specimens with
various compaction pressures. Calculating volume for tablet specimens is obtained from calculating
dimensions, then proven by theoretical calculations of weight divided by density. The most optimal results
of density and porosity measurements of composite materials at a compaction pressure of 40 MPa were
1.384 g/cm® and 1.32%. After the compaction pressure was lowered to 35 MPa, the density decreased by
3.14% and the porosity increased by 58%.
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Table 2. Density and porosity for PLA/PCL/nHA composite materials

Specimen D_ry Wet \Volume Density Density Porosity
PLA/PCL/NHA Weight Weight \Y Pt Pc (%)
DW (g) Ww (9) (cm?) (g/cm’)  (g/cm?)
30 MPa 1.34 0.33 1.01 1.326 1.370 3.27
35 MPa 1.41 0.35 1.06 1.330 1.358 2.09
40 MPa 1.26 0.35 0.91 1.384 1.402 1.32

Figure 4 shows the smallest density of 1.326 g/cm® (0.3% decrease) and the largest porosity of 3.27%
(56% increase) at a compaction pressure of 30 MPa. Higher compaction pressure can increase density and
reduce porosity in PLA/PCL/HA composite materials [56,57]. High compaction pressure results in a
smaller pore size as evidenced by SEM photos by increasing the contact area of the powder particle
interface which is getting bigger. This is in accordance with the findings of Molinero et al. (2018) [58].
Increasing the compaction pressure in the cold isostatic pressing method causes changes in the structure of
the particles to bind together and the number of pores decreases, this can increase the mechanical strength
[59,60]. mixing nHA into the polymer matrix makes the interfacial linkages wider, making the bond
stronger and the surface roughness smoother [61,62]. The effect of presence of nHA also inhibits the
sintering of matrix materials (PLA/PCL), resulting in a greater percentage of porosity in composite
materials [63].

—fl=Density Pt / (g/cm?) Porosity (%)
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Figure 4. Density and porosity test results on composite materials

3.5. Bending Test

Specimens in composite materials with pressure variations in a three-point bending test to obtain the value
of Max Force (N) and the amount of displacement (%) applied to the specimen until it breaks. Figure 5
shows a graph of the bending test results for PLA/PCL/nHA composite material specimens. The bending
strength of the specimen received the highest load at a compaction pressure of 40 MPa of 71.2 N with a
displacement of 6.1 mm. Specimens with a compaction pressure of 35 MPa for a maximum strength of
63.1 N (decreased 11.37%) with a displacement of 6.8 mm.
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The lowest bending strength was 55.7 N (21.76% decrease) with a displacement of 5.7 mm in the
specimen for a compacting pressure of 30 MPa. Bending test results for specimens with higher pressure
can increase mechanical strength and make the specimen stiffer. Research conducted by Hag. R et al.
(2019), and Sadudeethanakul. S et al. (2019) is in line with this research. The bending strength of
composite materials increases as the compaction of the material increases, thereby increasing the
mechanical strength [28,64].

The concentration of nHA in the polymer matrix (PLA/PCL) with low compaction pressure resulted in
nHA agglomeration. Consequently, propagation fractures can form as a result of stress concentration,
decreasing the density value but increasing the displacement [65]. The compaction pressure is increased to
be greater for the density to increase, the powder contact area is wider, the bending strength is increased,
but the displacement is reduced and brittle [13,56,66].

Flexural strength increases as the dispersion of nHA particles increases, reducing porosity. Similar
findings were reported by Nawang et al. (2019) an increase in the amount of nHA decreases the flexural
strength even though the compaction pressure is increased [67]. Thus, the interfacial bond strength of the
material and the flexural strength of the resulting composite material decrease [68]. The bending strength
can be increased by adding higher compaction pressure [26]. However, the most optimal bending strength
of this specimen is still below the bending strength of the femur of 130 N/mm? [25].
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Figure 5. Bending test results for PLA/PCL/nHA composite materials

3.6. Tensile Test

Tensile testing on PLA/PCL/HA composite material specimens with compaction variations is shown in the
stress-strain curve in Figure 6. Furthermore, from reading the stress-strain curve, the tensile strength
(N/mm2) and elongation (mm) are obtained for each composite material specimen. PLA/PCL/nHA
composite material specimens with a compaction pressure of 40 MPa had the highest tensile strength at
23.36 N/mm?, yield strength of 21.88 N/mm? and strain of 3.62%. Compaction pressure was lowered to 35
MPa for tensile strength decreased by 4.88% (22.22 N/mm?), yield strength was 20.66 N/mm? and
elongation increased by 4.41%. The lowest tensile strength is 20.50 N/mm? with a yield strength of 18.65
N/mm?and an elongation of 4.53%.
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The increase in compaction pressure greatly affects the PLA/PCL/nHA composite material in improving
mechanical properties. This is in line with the tensile test results of the same specimen. These results
prove that the greater the compaction pressure, the denser the material, the decreased porosity and
increased tensile strength. The findings of this study are consistent with Xiong's. (2016) which found that
high-density composites exhibited better mechanical properties [32]. However, the strain values of the
three specimens of the PLA/PCL/nHA composite material were still low indicating their brittle nature. In
the book Materials Science and Engineering an Introduction Tenth Edition states that a material is
considered brittle if it has a strain of less than 5% [69]. Composite materials with a higher percentage of
nHA can reduce the tensile strength and yield strength. This is because HA has high fragility and stiffness
[37]. The nHA particles cause a longer fracture propagation path, absorb some of the energy, and increase
plastic deformation, despite the high compaction pressure strength. In addition, the increased
agglomeration of nHA particles resulting from uneven dispersion reduces the strength of the biocomposite
[70,71].

The optimal tensile test results in the study were still below the tensile strength of the femur of 50 MPa, so
it is necessary to add a higher compaction pressure [72].
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Figure 6. Tensile test results for PLA/PCL/nHA composite materials

4.0 Conclusions

The higher compaction pressure in the cold isostatic pressing method does not significantly affect the
material properties, but can increase the mechanical strength of the specimen. This was proven by the
FTIR test with the presence of identified band peaks from PLA, PCL, and nHA. This indicates the
presence of a PLA/PCL/nHA composite material. The results of the XRD test for composite materials
show a widened diffraction peak. This indicates the absence of crystal peaks in the composite material,
proving an amorphous structure, low crystallinity, and faster degradation time. High compaction pressure
reduces the size of the porosity, the surface is smoother, the interfacial bond is stronger and the density is
higher.
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The highest mechanical strength results were found in PLA/PCL/nHA composite materials at a
compaction pressure of 40 MPa. The compressive strength results are 71.2 N and the tensile strength is
23.36 N/mm?. The compressive and tensile strength in this study were still below the strength of the femur
bone as an implant medium of 130 and 50 N/mm?.
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