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Abstract 
Patients with fractures require internal fixations, since treatment options are limited to 
metallic implants and autologous bone grafts. These limitations include chances of infection 
transference, quantity restrictions and the need for additional surgery. Bone tissue 
engineering seeks to address these limitations through the development of biocompatible 
bone scaffolds. This study fabricated a PLA based scaffold that sought to address some of 
the challenges associated with currently available treatment options. The methodology 
involved acquiring raw eggshells, which were rinsed with water and calcined with 
concentrated H3PO4. Hitherto, HAp powder was extracted from eggshells, and its presence 
was confirmed using color test. PLA (60,000 molecular weight) was procured from Sigma 
Aldrich, which was used with HAp powder, to form the composite, employing sol gel 
technique. SEM morphology established PLA, which has polymeric binding properties, as 
the 3D scaffold with the highest Ct (PLA/HAp (45/55 wt.%). It had a more consistent crystal 
and pore formation and weaker grain boundaries. FTIR analysis showed PLA characterizing 
peaks, and that functional groups present in 3D scaffold are not toxic to the body. X-RD 
spectra confirmed PLA and HAp presence in 3D scaffolds. However, peaks intensities 
decreased with lower Ct of HAp, and those of PLA increased in the 3D scaffold. This 
indicates that PLA and HAp particles have semi-crystalline and crystalline structures, 
respectively. Thus, 3D scaffolds can be tailored for many biomedical applications.  
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Introduction 
In todayôs world, cases of bone fracture are discovered yearly. For patients requiring 
internal fixations, i.e., bone fillers, the only viable options in developing nations are the 

 The abbreviations list is in page 24. 
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use of metallic implants or autologous bone grafts, due to the lack of tissue engineering 
research and development. Although these metallic implants may be biocompatible, 
they are limited by the inability to hasten the bone healing process [1], and by their non-
biodegradation, which often causes stress shielding. A solution for it is the fabrication 
of biocompatible scaffolds with adequate biodegradation rate [2]. A biodegradable 
scaffold means that there is a load balance between healing bone and degrading scaffold 
[3], which can be achieved through bone tissue engineering.  
Extensive use of autologous bone grafts has been reported by research [4]. They can 
help in the treatment of people suffering from other bone diseases, defects and fractures 
such as osteonecrosis, spinal fusion, infections and birth abnormalities. While 
biological sources, especially autografts, are considered the standard criterion for bone-
grafting materials, there are issues associated with their use. Autografts require an 
additional surgery, and they have quantity issues. Allografts bypass the problems linked 
with additional surgery and quantity restrictions, but there are also issues associated 
with reduced osteoinductive properties, immunogenicity and chances of infection 
transference [5]. For these reasons, biological bone-graft substitutes are being 
developed through bone tissue engineering. They comprise of scaffolds assembled from 
synthetic or natural biomaterials, and encourage cells migration, proliferation and 
differentiation [6]. Bone tissue engineering is an advancing field that seeks to overcome 
limitations of conventional treatments for bone diseases and defects. It aims to produce 
new functioning tissues that adapt to the host with no adverse reactions [7]. This is 
considered a better approach to the treatment of bone diseases and defects, because the 
patientôs tissue may undergo repair activity, once bone regeneration is completed [8]. 
Treatment options for bone diseases and defects are complex. For example, patients 
requiring bone fillers have to choose between metallic implants and autografts [1]. This 
shows that there is the need for further research on biological substitute bone grafts and 
scaffolds. It is important to ensure that bone scaffolds can be fabricated via scaffold 
fabrication methods and materials readily available in developing countries.  
The present study aimed to fabricate and characterize a PLA-HAp scaffold bone tissue 
and surface, using sol-gel method, FTIR, SEM and X-RD techniques.  
 
Experimental methods 
Extraction of HAp from eggshells 
In the extraction process of HAp from eggshells, several materials were used, such as raw 
eggshells, distilled water, deionized water, concentrated H3PO4, hot plate, oven, muffle 
furnace, magnetic stirrer, pH meter, mortar, pestle, crucibles, beakers, funnel, conical 
flask, stirrer, pipette and funnel paper. To perfect the process, eggshells were boiled in 
water for 30 min, using a hot plate. They were later dried in the oven, at 105 ÜC, for 3h, 
and grounded. After 4 h in the oven, the dried eggshells were weighed, and then calcined 
at 800 ÜC. Ignition loss on the calcined sample was assessed, to confirm CO2 release. This 
was calculated by: 
 
  ρππϷ  (1) 
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where i and f are initial and final weight of the sample before and after calcination, 
respectively. 
72.56 g calcined eggshells were then diluted in 994 mL distilled water. Concentrated 
H3PO4 was drop wise added, at a precise rate, to decrease the solutionôs pH to 8.5, which 
was kept at room temperature, for 24 h. Then, it was agitated for 30 min, with a magnetic 
stirrer, and left for another 24 h, at room temperature. The precipitate was filtered, 
carefully washed with deionized water and refiltered. The filtrate was oven-dried for 3 h, 
at 105 ÜC, and then calcined at 800 ÜC, for 6 h. The chemical reaction for calcination is: 
 

CaCo3              CaO + CO2  (2) 
 
where ȹ is the heat of reaction. The ignition loss was calculated using Eq. (3). 
 
 Ignition loss =  

Ȣ Ȣ

Ȣ
 ρππϷ τςȢυχϷ  (3) 

 
CO2 made up 44% CaCO3. Ignition loss value of 42.57% shows there was 96.75% 
CO2 release during calcination.  
 
Fabrication of PLA-HAp bone scaffold using sol-gel technique 
PLA with 60,000 molecular weight, purchased from Sigma-Aldrich (BCCG7787, 
USA), served as gel. HAp powder was extracted from eggshells, as shown in Fig. 1.  
 

 
Figure 1: Extraction of HAp powder from eggshells. 

 

Other materials were used, such as chloroform, rock salt, sonicator, weighing balance, 
mortar, pestle, sieve, mold, measuring cylinder, beakers and stirrer. HAp powder was 
grounded into a fine powder, and then sieved, using a 90-micrometer sieve. Then, a 
measured Ct (Table 1) of ground HAp powder was diluted in chloroform, using a 
sonicator, until a colloidal solution was formed.  
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Table 1: PLA/HAp ratio and weight table. 
Sample composition PLA ratio Hap ratio PLA weight  HAp weight 
1- C1 15 85 0.15 g 0.85 g 
2- C2 45 55 0.45 g 0.55 g 

 

This process was done for PLA, until it was completely dissolved in chloroform. 
Then, PLA was mixed using a sonicator, until a colloidal solution was formed, to 
which rock salt (used as porogen), ranging from 0.5 to 1.5 mm, was added, after being 
homogeneously mixed. The solution was then poured into a mold, and left at room 
temperature, for the solvent to evaporate. The resulting scaffold was rinsed with 
deionized water, to allow for the rock salt dissolution. Fabricated 3D scaffolds 
arranged in the sample number order from the left are shown in Fig. 2.  
 

 
Figure 2: Fabricated 3D scaffolds. 

 

Characterization of PLA-HAp 3d scaffold 
The microstructure response of the samples was determined using field emission SEM 
GEMINI Ultra 55. The samples were fixed on carbon tape and kept overnight, for 
drying. Then, they were gold-coated (100 nm) and examined under SEM, operated at 
3 kV. The sol-gelled samplesô chemical composition was analyzed by a FTIR 
spectrophotometer (Perkin-Elmer Spectrum one model), in attenuated total 
reflectance mode, from 4000 to 650 cm-1, to determine the various functional groups 
present in the specimens. X-RD of the powdered composite samples was determined 
by Rigaku SmartLab diffractometer, operated at 40 kV and 40 mA, using Cu-K 
radiation. Data were collected and analyzed by Origin Pro software.    
 
Results and discussion 
Structural evaluation of developed PLA/HAP system 
Figs. 3 and 4 clearly show the formation of crystals from the mixture of PLA and Hap, 
in C1 and C2.  
 

 
Figure 3: SEM of C1 at 1.00 and 20.00 K X magnification, respectively 
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From SEM results, it can be deduced that C2 (Fig. 4) has consistent crystal formation, 
with a compact, refined and well-oriented porous structure [9, 10].  
 

 
Figure 4: SEM of C2 at 1.00 and 20.00 K X magnification, respectively. 

 

Although there are imperfections in the fabricated scaffold, such as white patches, at 
1.00 and 2.00 K X magnifications, C2 has greater mechanical strength than that of C1, 
which is evident by weaker grain boundaries and more consistent crystal formation. 
Furthermore, a noticeable reason for improvement might be due to the refined flakeôs 
structure and Ct of PLA in the scaffolds, which was higher for C2 (0.45 g) than that of 
C1 (0.15 g). So, it can be assumed that PLA acted as polymeric binding agent within 
the samples. 
 
Adsorption bonds effects on developed PLA/HAP materials 
Figs. 5 and 6 show FTIR transition for C1 and C2, respectively.  
 

 
Figure 5: FTIR result of C1. 
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The developed scaffolds under investigation show five peaksô intensities. This is an 
indication of non-simple chemical activities. FTIR result shows the presence of peaks 
in the single bond area from 2500 to 4000 cm-1. The broad absorption band in this 
area confirms the presence of hydrogen bonds in the scaffolds. The small sharp peak 
at 3571 (Fig. 5) and 3568 cm-1 (Fig. 6) attests for the existence of N-H stretching in 
the scaffolds. This indicates the presence of a primary amine bond.  
 

 
Figure 6: FTIR result of C2. 

 

No peaks were seen from 3000 to 3200 cm-1, which indicates that there is no aromatic structure 
in this region. There were no peaks detected in the triple bond area (2000-2500 cm-1). However, 
peaks were detected in the double bond region (1500-2000 cm-1). Peaks at 1740 (Fig. 5) and 
1756 cm-1 (Fig. 6) confirm the presence of C=O chemical bonding, which indicates that there 
are esters in the scaffolds. The strong intensity from 1600 to 1650 cm-1 attests for the presence 
of double bonds in the scaffolds. Peaks at 1450 and 1454 cm-1 prove the existence of C-H 
bending within the scaffolds. Interestingly, there are methyl groups in the scaffold, which is in 
agreement with PLAôs chemical properties of [11]. Identified functional groups in PLA/HAp 
3D scaffolds are not cytotoxic.  
 
Phase transformation study 
Figs. 7 and 8 show stacked X-RD results for C1 and C2 respectively. Fig. 7 shows the 
presence of pure HAp peaks. However, new peaks are apparent due to the presence 
of PLA. HAp particles have crystalline structures with characteristic sharp diffraction 
peaks, as seen at 2ɗ = 25.90 and 31.90. One could note the difference in the intensity 
of the peaks value in relation to the Ct of HAp within the phase lattice.  
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Figure 7: Stacked X-RD spectra for C1. 

 

 
Figure 8: Stacked X-RD spectra for C2. 

 

It is noteworthy that PLA particles have semi-crystalline structures and peaks at 2ɗ = 16.7 
and 19.00. However, no identified characteristic PLA peaks were seen in X-RD patterns 
for C1, since C2 has a higher Ct of diffused particulates. Nevertheless, it is expected that 
a sufficient amount could form proper dissolution within the intermetallic phase trend, 
thereby promoting visible stability. Meanwhile, the intensity of this peak decreased with 
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increasing Ct from HAp in the 3D scaffold [12-14]. The effect of varying the Ct of HAp 
in the scaffold was also evident in the samplesôs crystallinity. C1ôs crystallinity was 
93.61%, as described in Fig. 7, while that of C2 was 90.39%, as seen in Fig. 8. 
From all indications, C1 is more crystalline in nature, due to the Ct of HAp present, 
than 45PLA/55 HAp [13].  
 
Conclusions 
In this study, HAp from eggshells was successfully extracted, and PLA/HAP 3D 
scaffolds were fabricated using sol-gel method. Moreover, SEM shows that 3D 
PLA/HAp scaffold with the highest Ct of PLA had more consistent crystal formation 
and weaker grain boundaries. PLA provides mechanical strength, acting as polymeric 
binding agent in 3D scaffolds. FTIR analysis of 3D scaffolds agreed with PLAôs 
chemical properties. Peaks were present in single and double bond regions. There were 
no peaks indicating the presence of aromatic structures. Results also confirm that, under 
X-RD spectra, the presence of PLA and HAp in 3D scaffolds was observed. PLA 
particles have semi-crystalline structures, while HAp ones are crystalline.  
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