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Abstract: Initially, the use of Additive Manufacturing (AM) technology is mainly for the production 

of prototypes of a new invention and design. However, the AM technology had extended to the tooling 

industry, medical scaffolding, and direct part production. This is due to the extensive research and 

development carried out around the globe regardless of the material, equipment, and technology of AM. 

In this study, characterization and properties of PCL/PLA/PEG/Nano-HA polymer composites were 

investigated. Polycaprolactone (PCL), polylactic acid (PLA), polyethylene glycol (PEG), and nano-

hydroxyapatite (n-HA) composites were prepared by melting and compounding the mixture using a 

Brabender machine. The composition of the materials was determined by previous research that it is the 

optimum recipe, with the ratio of PCL:PLA is 7:3 while the composition of PEG and nano-HA is 5% 

per hundred resin each. The temperature of the Brabender machine was set at 160°C, and the speed of 

the mixer was set at 30 rpm. After the mixing, the composites were characterized by using Fourier 

Transform Infrared Spectroscopy (FTIR) to determine the spectrum and quality of the composite mixed. 

Based on the spectrum, it can be verified that the characteristic of n-HA powder had been incorporated 

well into the PCL/PLA/PEG polymer blend. The thermal properties of the composites were investigated 

by using Thermogravimetry Analyzer (TGA). The results showed that the addition of n-HA lowered 

the initial degradation temperature and peak degradation temperature. Apparently, the addition of n- 

HA did not increase the degradation temperature of the composites. Furthermore, Simulated Body Fluid 

(SBF) test was carried out to access the bioactivity properties of the composites after the addition of n-

HA. The results had proved that the addition of n-HA had triggered the growth of apatite layer on the 

surface of the samples treated with SBF. The growth of the apatite layer was verified by the X-ray 

Diffraction pattern, and the results proved the initial assumptions.  

Keywords: Characterization; Thermal properties; Biological properties; PCL/PLA/PEG/n-HA; TGA; 

FTIR. 
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1. Introduction 

Additive Manufacturing (AM) is one of the manufacturing technology used to produce 

a solid physical model of an object through layer-by-layer fabrication technique of three 

dimensional (3D) structures that have been design from CAD software [1, 2]. Fused Deposition 

Modelling (FDM) is a type of AM that build parts or prototypes with materials in the form of 

filament feedstock. It prints the products or parts by melting the filament, mostly thermoplastic 
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filament, then extrudes and deposit layer by layer on the platform based on the design of STL 

file input. Among all the types of methods in 3D printing, the FDM 3D printer had become the 

most popular and affordable type [3, 4]. 

Polycaprolactone (PCL) and Polylactic Acid (PLA) are often used to fabricate medical 

implants as well as drug delivery applications. The degradation properties of PCL and PLA 

make them perfect for bone implants because they will gradually transfer the load from the 

support structure to the body as the bone heals. At the same time, PEG is normally used in 

laxative, a substance that is used to increase bowel movements. From previous research, the 

blends of PLA/PEG were better hydrolyzed by microorganisms than PLA/PCL blends, which 

means that the PLA/PEG blends degrade at a faster rate. The research had identified that the 

PEG had facilitated the biodegradation of PLA polymer. Hence, a proper amount of PEG had 

added to PCL/PLA blend to aid the degradation rate of PLA/PCL blends. With the addition of 

HA bio-ceramic into the PLA/PCL/PEG composite, how will the HA change the properties of 

the former composite [5]. 

Hydroxyapatite, also known as Hydroxyl-apatite (HA) is a natural mineral in the form 

of calcium apatite. It usually appears as white color. However, it also has a brown, yellow, or 

green color similar to the color of dental fluorosis. HA material is known for biological usage 

due to its material characteristics, which similar to human hard tissues [6]. The characteristics 

of good stability under physiological conditions of temperature, ph. , and composition in human 

body fluid, making HA suitable to be further research of its usage in the human body. In human 

bone, 50% by volume and 70% by weight is a modified form of HA, known as a bone mineral. 

HA crystals are also found in the small calcifications of the pineal gland. Examples of ha in 

medical uses are bone grafting materials, dental prosthetics and repair parts, and some human 

body part implants. The incorporation of HA into current PCL/PLA/PEG composite is expected 

to enhance the properties of PCL/PLA/PEG composite to better suit into biological and medical 

usage purpose. The new PCL/PLA/PEG/HA composite is to be used for fused deposition 

modeling (FDM) as feedstock filament with the potential to be commercialized in the future.  

The development of PCL/PLA/PEG/Nano-HA composite as a new biocompatible 

polymeric composite is believed to have huge potential for biomedical implants and bone tissue 

engineering applications. The newly developed material has the potential to be fully 

commercialized after all the related testing and studies were done provided if the result of the 

testing meets the OSHA standards and medical safety level. The addition of the Nano-HA 

material into PCL/PLA/PEG composite is expected to improve the bioactive and formation of 

bone-like apatite of the previous composites. 

2. Materials and Methods 

 2.1 Materials. 

The material used in this research was Polycaprolactone (PCL) medical grade 

BGH600C, Poly (lactic) acid (PLA) medical grade PTG600C, Polyethylene glycol (PEG) 

medical grade PEG 10000 and Nano-hydroxyapatite powder. 

2.2. Sample preparation. 

The materials were blended together by using a Brabender Plastograph EC. The 

blending temperature was set at 160°C, with the rotating speed of 30 rpm. The composition of 

each material was summarized in Table 1. 
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Table 1. Composition of materials. 

Material Composition 

PCL 70 wt% 

PLA 30 wt% 

PEG 5 phr 

n-HA 5 phr 

The PCL/PLA was mixed first with a composition of 70 and 30 wt% respectively, the 

PEG and n-HA was added subsequently by 5% per hundred resin. 

2.3. Characterization by Fourier Transform Infrared (FTIR). 

FTIR is a spectrometer analysis that helps researchers to understand more of the 

materials and products. It is a technique used to obtain the infrared spectrum of absorption or 

emission of a solid, liquid, or gas, as shown in. The FTIR converts the detector output to the 

interpretable spectrum and generates spectra with a pattern that provides structural insights. 

When Infrared (IR) radiation passed through a sample, some of it was absorbed by the sample, 

and others passed through it, the simple layout inside the FTIR spectrometer is shown on. The 

resulting signal at the detector is a spectrum representing the ‘fingerprint’ of the sample. Since 

different materials have different chemical structures. Therefore each material will produce 

different spectral fingerprints.  

The spectrum of PCL/PLA/PEG/Nano-HA composite was tested in the FTIR 

equipment, and the spectrum of the composite was captured and analyzed accordingly by the 

characteristic IR band positions. 

2.4. Thermal properties test. 

In this study, a TA TGA 550 Thermogravimetry Analyzer (TGA) apparatus was used 

to study the thermal stability of PCL/PLA/PEG/Nano-HA sample. Thermogravimetry analysis 

(TGA) is a technique to monitor the mass of a material or substance as a function of temperature 

or time as the sample is subjected to a controlled temperature environment. In a simple 

definition, TGA measures the sample’s weight as the temperature increased or decreased. 

The TGA software display a curve for the user to analyze the data, the X-axis of the 

TGA curve is usually displayed as time or temperature, and the Y-axis is usually displayed as 

weight (mg) or weight percent (wt%). 

2.5. Biological test. 

In this study, SBF solution was prepared to conduct a bio-activity test (in vitro) for the 

PCL/PLA/PEG/Nano-HA sample. The SBF solution was made based on the recipe of Tadashi 

Kobuko [1]. The composition and standard operation procedure of the preparation of SBF 

solution are shown in Table 2. The comparison between human blood plasma and SBF fluid is 

demonstrated. 

Table 2. Composition of preparing 1000ml of SBF [1]. 

Order Reagent Amount Container Purity (%) Formula weight 

1 NaCl 8.035 g Weighing paper 99.5 58.4430 

2 NaHCO3 0.355 g Weighing paper 99.5 84.0068 

3 KCl 0.225 g Weighing paper 99.5 74.5515 

4 K2HPO4·3 H2O 0.231 g Weighing paper 99.0 228.2220 

5 MgCl2·6H 2O 0.311 g Weighing paper 98.0 203.3034 

6 1.0 M HCl 39 ml Weighing paper - - 

7 CaCl2 0.292 g Weighing paper 95.0 110.9848 
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Order Reagent Amount Container Purity (%) Formula weight 

8 Na2SO4 0.072 g Weighing paper 99.0 142.0428 

9 Tris 6.118 g Weighing paper 99.0 121.1356 

10 1.0 M HCl 0-5 ml Weighing paper - - 

 

The standard procedure of preparing 1000ml of SBF solution are as follow [1]: 

• 700ml of ultra-pure water was poured into a 1000ml beaker and stirred using a magnetic 

bar at 36.5 ± 0.2˚C. 

• The reagents were dissolved in water in order numbers 1 – 8, as in Table 2. Each reagent 

was completely dissolved before the next new reagent is added. 

• The temperature of the solution was set at 36.5 (± 1.5˚C). Pure water was added up to 900 

mL. 

• The electrode of the pH meter was inserted before dissolving Tris (9th reagent), and the pH 

level of the solution should be 2.0 (±1.0). 

• A small amount of Tris was added until every reagent was dissolved completely, and the 

pH value becomes constant. After the pH value reached 7.30 (± 0.05), the temperature is 

kept at 36.5 (± 0.5˚C). More Tris is added to increase the pH level to 7.45. 

• 1 M HCl was dropped through a pipette to lower the pH level to approximately 7.42 (± 

0.01). 

• The remaining Tris and 1 M HCl were poured alternately into the solution to maintain the 

pH level within the range of 7.42 – 7.45. 

• The pH level of the solution is then adjusted to 7.40 by dropping 1 M HCl dropwise at 

36.5˚C. 

• The solution was transferred to 1000 mL volumetric flask, and pure water was added up 

to the marked line after the temperature has cooled down to 20˚C. 

3. Results and Discussion 

3.1. Fourier Transform Infrared. 

The FTIR spectra of PCL/PLA/PEG/n-HA is shown in Figure 1. The characteristic of 

both  PCL/PLA/PEG polymer blend and n-HA are seen in the spectra, which are in agreement 

with the findings in [2] and [3]. From the spectra of PCL/PLA/PEG/n-HA, the main peaks 

occur at 1720 cm-1 (C=O non-conjugated stretching), 1241 cm-1, and 1160 cm-1 (C-O-C 

vibrations in Esters). The peaks at 1241 cm-1 and 1160 cm-1 are believed to be of Acetates and 

Formates, respectively. The characteristic of free O-H bond and Intramolecular H bonds can 

be found in the region of 3610-3645 cm-1 (OH stretching vibrations) and 3450-3600 cm-1, 

respectively, with sharp peaks. 

 
Figure 1. FTIR spectra of PCL/PLA/PEG/n-HA. 

https://doi.org/10.33263/BRIAC112.90179026
https://biointerfaceresearch.com/


 https://doi.org/10.33263/BRIAC112.90179026   

 https://biointerfaceresearch.com/ 9021 

The characteristic of n-HA can be found by the peak of OH- chemical group at 2945 

cm-1 and the intensive peak of CO 2- at 1472 cm-1. Therefore, it can be concluded that the n-

HA had successfully incorporated into the PCL/PLA/PEG polymer blend. 

3.2. Thermogravimetry analysis (TGA). 

Thermogravimetric analysis was carried out to investigate the effect of blending 

composition on the thermal stability on the polymers. The weight loss in percent due to 

degradation of the sample at high temperature is monitored. The parameter of the TGA was set 

at an increment of 10 ˚C/min from 0 ˚C ramp to 500 ˚C, the balance gas used was Nitrogen gas 

at a flow rate of 25mL/min. The use of inert gas flow allows the non-oxidative degradation to 

occur. 

The TGA curves of PCL/PLA/PEG/n-HA composite are shown in Figure 2 and Figure 

3. The initial thermal stability is evaluated by the temperature at 10% weight loss of the total 

weight of the sample tested, T10%. The peak temperature where the decomposition of the 

sample, Tp, happens also discovered from the data of the TGA curve. 

 
Figure 2. Thermogram of PCL/PLA/PEG/n-HA. 

 
Figure 3. Derivatives thermogram of PCL/PLA/PEG/n-HA. 
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Meanwhile, Table 3 concludes the T10%, Tp, and weight of char residue of 

PCL/PLA/PEG/n-HA and PCL/PLA/PEG composites after thermogravimetric analysis. 

Table 3. The initial decomposition, Peak decomposition, and weight of residue fo PCL/PLA/PEG/n-HA 

composites. 

Designation Initial decomposition 

temperature, T10% (˚C) 

Peak of decomposition 

temperature, Tp (˚C) 

Transition from 

T10% to Tp , (˚C) 

Weight of 

residue (wt%) 

PCL/PLA/PEG/n-HA 323.7 389.4 65.7 4.97 

Based on previous researches on n-HA enhanced polymer, the addition of 

hydroxyapatite had shown the potential to improve the thermal stability and resistance to 

thermal degradation of a polymer such as a polyamide 66 [4]. However, the initial 

decomposition temperature, T10% and peak decomposition temperature, Tp of 

PCL/PLA/PEG/n-HA have decrease from 370.75˚C to 323.7˚C (T10%) and 400.1 ˚C to 389.4 

˚C (Tp) compared to the former material PCL/PLA/PEG composite. This proves that the 

incorporation of hydroxyapatite does not necessarily improve the thermal stability of polymer 

blends; it could also reduce the thermal stability of a polymer blend [6, 7]. 

From the graph of the thermogram of PCL/PLA/PEG/n-HA, there is a gap between the 

graph line and the origin axis. This represents the amount of char residue, 4.97 wt%, resulting 

from the formation of a carbonaceous char layer from the burning of hydroxyapatite 

incorporated in the composite [8]. 

All in all, the conclusion that can be drawn from the results of TGA is that the thermal 

stability of PCL/PLA/PEG/n-HA is relatively stable by looking at the thermal degradation 

transition from T10% to Tp where it takes 65.7 ˚C to reach the peak of thermal degradation 

from T10% which is the double than that for PCL/PLA/PEG (29.95 ˚C) polymer blend. 

However, the incorporation of HA does not necessarily improve the initial decomposition 

temperature, as proven by the initial decomposition temperature of PCL/PLA/PEG/n-HA              

[9, 10]. 

3.3. Simulated body fluid test (SBF). 

In this analysis, the bioactivity of the PCL/PLA/PEG/n-HA composite is evaluated and 

assessed by growth or formation of carbonate apatite on the surface of the tested sample under 

simulated body fluid (SBF) test. The SEM microscope was used to observe and capture the 

changes to the sample’s surface for immersion of samples in SBF for 3 days, 5 days, and 7 

days. 

The pattern of the apatite layer formed on the surface can differ in shape. The apatite 

layer form on a composite sample can be spherical crystal, leaf-like tree form or globular shape 

[11]. The formation of the apatite crystal layer on the sample surface was mainly due to the ion 

exchange reaction during immersion in the SBF. The newly formed layer caused the 

precipitation of HA by consuming Ca2+ and PO3+ ion from the SBF solution. 

The surface morphology of treated samples of PCL/PLA/PEG/n-HA is shown in Figure 

4. It can be seen from Figure 4 (a) where the immersion period is 3 days; there are some leaf-

like tree shapes (circled in red with labeled A) or pattern formed on the surface of the sample. 

This indicates that there is a possible growth of the apatite layer on the sample’s surface after 

SBF test. After 5 days of immersion in SBF, the area of possible apatite layer formed was 

increase, and denser compared to 3 days of immersion. The shapes of the layer formed are in 

the shape of the globule, as shown in Figure 4 (b). 
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Lastly, for the sample of 7 days immersion, the formation of the apatite layer is less 

noticeable compare to 3 days and 5 days. This may probably be due to the denser growth of 

the apatite layer or thickening of the apatite layer formed on the surface. Based on Figure 4 (c), 

it can be observed that the pores in the sample are smoother and covered up by the growth of 

the thin layer where it is believed to be due to the presence of the apatite layer [18]. 

 
Figure 4. The surface morphology of (a) Untreated sample (b) 3 days (c) 5 days (d) 7 days. 

The images from the SEM microscope only provide surface characterization for the 

growth of the apatite layer. To further verify and confirmation on whether the layer formed 

after the SBF test are apatite layer or not, X-ray Diffraction (XRD) analysis was carried out. 

Based on the research of [12], the XRD measurement is needed to perform at the range of 3-

50° in 2 theta (θ) at a 1° glancing angle against the incident beam of the specimen surface. 

According to previous researches, the orthorhombic phase diffraction peak for PCL is 

usually in the range of 20°- 25° in 2 theta [6], while diffraction peak of apatite and 

hydroxyapatite usually occurs in the range of 20° - 40° in 2 theta [12]. Although the peak of 

the synthetic hydroxyapatite (HA) and naturally formed apatite layer may be very similar in 

terms of the X-ray diffraction range, there is a significant difference in the peaks formed 

between these two compounds in XRD. 

The X-ray diffraction (XRD) pattern of the untreated sample of PCL/PLA/PEG/n-HA 

is shown in Figure 5, the peak corresponds to P is the peak representing the main element or 

material in the composite which is polycaprolactone (PCL), the peak corresponds to S is the 

peak representing Starch where it is one of the key elements consist in the polymer PLA, while 

 

5 days 7 days 

(a) (b) 

(c) (d) 
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the peak labeled H is the peak representing synthetic hydroxyapatite that incorporated into the 

polymer blend [13]. 

The treated sample of PCL/PLA/PEG/n-HA is shown in Figure 5, the main peaks of 

the treated sample are similar to the untreated sample with PCL as the main material (highest 

peak labeled P). The growth of the bone-like apatite layer can be proved by the peak labeled 

A, where it appears at 2θ = 26.2° and 32°. By comparing both XRD patterns together, it is 

noticeable that there are peaks of the bone-like apatite layer in the XRD pattern of the treated 

sample. 

In general, the first thing that can be noticed by comparing both the XRD pattern is the 

increase in the intensity of hydroxyapatite, where the peaks of hydroxyapatite for treated 

samples become broader due to the growth of bone-like apatite [14, 15]. The broadness of XRD 

diffraction peak depends on the crystal size and perfection or strain of that particular element. 

Therefore, the broader the peak, the less perfect the crystal will be [9]. The transformation of 

the peak of HA from the treated sample to the untreated sample (sharp HA peak to broad HA 

peak) is related to the microstructure of the crystal [16, 17]. 

 
Figure 5. XRD pattern of untreated sample and treated sample. 

4. Conclusions 

 PCL/PLA/PEG/n-HA polymer nanocomposites were successfully prepared. The FTIR 

spectra, thermal degradation, and bioactive properties of PCL/PLA/PEG/n-HA were 

investigated and evaluated. Thus, from this research, the following conclusions can be drawn 

is that the FTIR spectra of PCL/PLA/PEG/n-HA composite show that the n-HA had 

incorporated perfectly into the matrix of former polymer blend PCL/PLA/PEG polymer blend. 

  The thermal stability of PCL/PLA/PEG/n-HA composite is enhanced by the addition 

of HA as it was less volatile when burning by the Thermogravimetry analyzer. However, the 

overall performance of the composite under the thermal stability test is not as promising when 

compared to the thermal stability of the former PCL/PLA/PEG polymer blend. Based on the 

initial decomposition temperature of the PCL/PLA/PEG/n-HA composite, the composite is 

suitable to be used with an extruder for filament fabrication under the working temperature of 

below 300 ˚C. 
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  Lastly, based on the morphological features of the composite under a scanning electron 

microscope after the samples were treated by simulated body fluid. The formation of an apatite 

layer on the surface of the sample shows that the incorporation of HA had revealed good 

bioactivity property of PCL/PLA/PEG/n-HA composite. The XRD pattern had further proved 

the existence of the apatite layer after immersion in simulated body fluid. Therefore, it is 

predicted that the PCL/PLA/PEG/n-HA has good potential for bone implant engineering. 
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