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In this study, a P-tricalcium phosphate (B-TCP) has been successfully prepared from
eggshell waste. The prepared B-TCP was then used as a precursor for the synthesis of
porous B-TCP/alginate composite scaffold using CaCl, as crosslink agent. The existence
of alginate on the B-TCP/alginate composite scaffolds was confirmed by observing their
structural and morphological properties using X-ray diffraction (XRD), Fourier transform
infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and micro-computed
tomography (u-CT scan). The XRD and FTIR data show that there was no effect of
alginate addition on the phase transformation of either -TCP or alginate structure. On the
other hand, SEM and p-CT scan indicate that the alginate was significantly influence in
term of pore size and porosity of the synthesized B-TCP/alginate composite scaffold. The
pore size and porosity of the synthesized composite scaffold were found in the ranges of
about 224.17 — 322.29 um and 61.6 — 68.8%, respectively. Based on the findings of this
study, it can be concluded that all synthesized B-TCP/alginate composite scaffolds have
desirable property where they met the criteria as an ideal pore size for bone regeneration
application.
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1. Introduction

The use of porous scaffolds (a three-dimensional substrate) in tissue engineering for bone
therapy process is a promising alternative in biomedical field [1]. In addition to osteoconductivity
property, for bone therapy, a biocompatibility and biodegradability, as well as pore size of a
porous scaffold are very important role for the migration process and supply of nutrients during a
growing cell process [2]. For scaffold application, preparation of porous scaffold having ideal pore
with size ranging between 100-400 pm is intended to meet the requirements for the process of
colonization, proliferation, and penetration of cells [3, 4].

In the research area of composite scaffold, B-tricalcium phosphate (B-TCP) is one of the
most promising materials for the synthesis of scaffold and it has been studied extensively. The
advantage of the B-TCP is not only due to its ability of accelerating the bone treatment process but
also can be used as material in the development of polymer composite-based scaffold. In term of
its flexibility property, the polymer composite-based scaffold is better than pure brittle ceramic
scaffolds [5, 6]. Moreover, another attractive material in the area of synthesis of ceramic/polymer
composite scaffold is alginate. Alginate is an anionic polysaccharide which consists of two main
monomers i.e., p-D-mannuronic acid and a-L-gluronic acid. The alginate is found in a wide
variety of brown seaweed. The alginate is an interesting precursor because the alginate hydrogel is
easy to be stabilized by only replacing its Na** with another cation such Ca** [8, 9]. Besides, the
alginate could induce the formation of a composite scaffold with a desirable pore size which
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greater than 100 um [7]. In the biomedical field, the alginate is considered to many application,
including wound healing and tissue engineering [10], as well as drug delivery [11]. Especially for
bone injuries treatment, the alginate is considered to be more biocompatible, non-toxic, and
relatively low cost. Besides, the alginate is potential to be developed because the alginate can be
introduced into body with a minimum invasive manner and fill the irregular bone defects, as well
as support cells regeneration [9]. However alginate shows poor mechanical properties, therefore,
its application by composing with other potential materials is highly required. Some studies
dealing with the use of alginate as a composite material for the synthesis of porous composite
scaffold have been reported including chitosan/alginate/nano-silica [12], hydroxyapatite/chitosan-
alginate [13], and calcium sulfate/alginate [14].

To date, a number of methods for the fabrication synthesis of porous scaffold have been
reported, namely, porogen replication method [15, 16], foaming method [17], and freeze-drying
method [18]. Among these methods, freeze drying method is preferred for the fabrication of a 3D
porous scaffold because of its simplicity. In this freeze drying method, the pores creation of the
composite scaffold are firstly induced by the ice crystals formation followed by the ice crystal
removal lead to holes creation when the sample is dried under low temperature condition [19].

The purpose of this study was to evaluate the effect of alginate on the porous pB-
TCP/alginate composite scaffold synthesized using freeze-drying method. In the synthesis process,
the B-TCP powder and alginate were used as composite scaffold precursors. The effects of alginate
variation at different ratio of B-TCP powder to alginate were evaluated. The B-TCP powder
prepared from chicken eggshell was not only chosen because of its high calcium carbonate content
(~94%) and its interesting properties as mentioned above, but also its availability as abundant
materials in Indonesia (approximately 129,919.9 tonnes in 2014) [20]. The effect of alginate were
evaluated by characterizing the synthesized of B-TCP/alginate composite scaffold using X-ray
diffraction (XRD) analysis, Fourier transform infrared (FTIR) spectroscopy, scanning electron
microscopy (SEM) and micro-computed tomography (u-CT) scan.

2. Experimental methodology

2.1. Materials

Eggshells were obtained from food restaurant located in Bogor, Indonesia. The following
commercially available chemicals were used without further purification, including phosphoric
acid (HsPQ,4, 85%, Merck, USA), calcium chloride (CaCl,, >99%, Merck, USA), and alginate
(CV. Setia Guna, Indonesia). Double distillate water was used in all experimental runs.

2.2. Procedures

2.2.1. Preparation of CaO

The eggshells were collected and their surfaces were mechanically cleaned. The calcium
oxide (CaO) was obtained by calcining the raw cleaned eggshells in oven at 1000°C for 5 h under
atmospheric air. The prepared CaO was stored under dry atmosphere condition for further
synthesis of 3-TCP Powder.

2.2.2. Synthesis of §-TCP powder

The B-TCP powder was synthesized using the following simple procedure. A certain
amount of CaO powder was dissolved in double distillate water to make calcium hydroxide
(Ca(OH),) solution. After that, HsPO4 was added drop wise onto Ca(OH), suspension to form a
precipitated Ca(OH), suspension. The ratio of calcium (Ca) to phosphate (P) was 1.5. The
precipitated suspension was immediately sintered at 1000°C for 7 h to obtain the B-TCP powder.
The prepared B-TCP powder was stored under dry atmosphere condition for further use on the
synthesis of porous B-TCP/alginate composite scaffold.

2.2.3. Synthesis of porous B-TCP/alginate scaffold
In a typical experiment, a certain amount of the synthesized B-TCP powder was dissolved
in double distillate water to form aqueous B-TCP solution. Into aqueous 3-TCP solution, alginate
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powder was added to form B-TCP-alginate solution mixture. The ratios of B-TCP to alginate were
8:2, 7:3, and 6:4, denoted as TA-82, TA-73, and TA-64, respectively. Moreover, a gelling method
was used for cross-linking processes of the TA-82, TA-73, and TA-64. Such cross-linking process
lead to gel formation and it was conducted by adding drop by drop a cross-linking solution
0.03M CaCl, into the TA-82, TA-73, and TA-64 solutions. After that, all the B-TCP/alginate gels
obtained were placed in the refrigerator for 12 h. While the final porous B-TCP/alginate scaffolds
were obtained by freeze-drying the gels at -40°C for 19 h.

2.2.4. Scaffold characterizations

For sample characterizations, the XRD data were recorded on a Bruker D8 Advance X-ray
at 40 kV and 35 mA with Cu (Ko = 1.5406 A) as the radiation source. The 26 was scanned in the
range between 20° — 70° at a speed of 0.019° /min. The functional groups in all samples under
investigation were recorded on a Shimadzu IR Prestige DSR- 8000 FTIR using potassium bromide
(KBr) media in the wavenumber ranging from 400 cm™ to 4000 cm™ at a scanning rate of 4 cm™
/min. The microstructure of the samples was observed using a JEOL JSM-360LA scanning
electron microscope (SEM). The porosity of the samples was determined using a SkyScan 1173-
micro-computed tomography (u-CT) scan operated at 45 kV and 80 pA.

3. Results and discussion

3.1. Crystalline property of scaffold

Fig. 1 shows the XRD patterns of the synthesized B-TCP/alginate composite scaffolds. As
can been from fig. 1, the XRD of all B-TCP/alginate composite scaffolds have well defined
diffraction peaks that are similar to the diffraction peaks of B-TCP database with JCPDS card No.
09-0169. The three highest diffraction peaks at about 27.79° 31.02°, and 34.36° are assigned to
the peak characteristics of the B-TCP, which are indexed to the 214, 0210, and 220 orientations,
respectively. No diffraction peaks arising from any impurity can be detected in the XRD pattern.
Nonetheless, small amount of the B-TCP precursors [B-calcium pyrophosphate (B-Ca,P,0;) and
calcite (CaCOs)] were still observed indicated by their diffraction with low intensity peaks. The
presence of these two B-TCP precursors is probably due to their incomplete heating process during
calcination and sintering [21].
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Fig. 1. The XRD pattern of: (a). f-TCP database, (b). -TCP powder, (c). TA-82, (d).

TA-73, and (e) TA-64 composite scaffold. The XRD pattern of both -TCP powder and

S-TCP database with JCPDS Card No. 09-0169 is included for comparison only (For

interpretation of the references to colour in this figure, the reader is referred to the web
version of the article).




70

The average crystallite size of the B-TCP powder was calculated from the full-width at
half-maximum (FWHM) of (0210) reflection as presented in fig. 1 using Scherrer’s formula [22],
as shown in Eq. 1.

D= 0.9/1/ﬁ cos0 1)

Where D is the crystallite size (nm), A is the wavelength of the X-ray diffraction (hm), B is the
FWHM (rad), and & is the angle of diffraction (rad). From the calculation, the average size of
crystalline powder of B-TCP was found to be about 75.43 nm. Besides all synthesized B-TCP-
based composite scaffolds had good crystal quality indicated by well-defined XRD diffraction
peaks. The identified phase of B-TCP phase relative to non B-TCP phase was found to be about
72%. In comparison, there is no different in phase characteristic between B-TCP and j-
TCP/alginate can be observed (Fig. 1), indicating that alginate addition had no effect on the new
phase formation. In a word, the diffraction peak characteristics of B-TCP were found to be similar
to that of B-TCP/alginate composite scaffold. Interestingly, the addition of alginate had significant
effect on reduction of the crystallite size of the B-TCP/alginate composite scaffold. The crystallite
sizes of the B-TCP/alginate composite scaffold were found to be in the range of 28.10 — 65.9 nm,
which is lower than the crystallite size of B-TCP (75.43 nm). Lowering in the crystalline degree of
the B-TCP/alginate composite scaffold to values ranging from 58.70 to 66.80% could be the reason
for decreasing in their crystallite size in comparison to that of 3-TCP powder (72%) [23].
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Fig. 2. FTIR spectrum of: a) B-TCP powder, b) alginate, c) TA-82, d) TA-73,and e)
TA-64 (For interpretation of the references to colour in this figure, the reader is referred
to the web version of the article).

3.2. Infrared spectroscopy

Fig. 2 displays the FTIR spectra of the B-TCP powder, alginate and synthesized B-
TCP/alginate composite scaffolds. From the spectra of B-TCP powder (Fig. 2a), it can be observed
that the FTIR spectrum shows some absorption bands at about 550 cm™; 605 cm™; 945 cm™; 977
cm®; 1045 cm™; and 1118 cm™. All these bands are typical for functional groups of PO,* that are
mainly found in B-TCP-based material. In addition, the bands at wave number of 729 cm™ and
2000 cm™ is closely related to the functional group of the P,0,* and CO5? originated from calcium
pyrosphate and calcite as impurities. Spectrum of alginate (Fig. 2b) is characterized by its
vibration asymmetric and symmetric bands of COO" at wave number of about 1610 cm™ and 1413
cm™ [24, 25]. These entire bands spectrum are in agreement with the FTIR spectrum of p-TCP
powders reported in the literature [26]. It is clearly observed that the all synthesized composite
scaffolds indicate typical absorption band that show a combination of B-TCP and alginate.
Moreover, the spectra of B-TCP/alginate composite scaffolds are shown in fig. 2c-e. It was
noticeable that all characteristic bands spectra found in all synthesized composite scaffolds (Fig.
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2c-e) are similar to that in both B-TCP (Fig. 2a) and alginate (Fig. 2b). In addition, no other bands
of functional group originated from new materials can be found, indicating that the B-TCP/alginate
composite scaffolds were formed via physic interaction process. The FTIR data is in agreement
with the XRD data, where B-TCP and alginate were present in the form of their composites and no
other new phases were formed. This phenomena is in line with previous reported study, where the
use of freeze-drying method on the synthesis of composite scaffold would not lead to the
formation of new functional group because the freeze drying process does not provide enough
energy for phase transformation during the synthesis process [27].

Based on the above discussion, a possible mechanism for the formation of the B-TCP/alginate
composite scaffold can be suggested as shown in eq. (2) — (6) and fig. 3. The first step for over all
the processes was the preparation of B —TCP (B-CasP,0s) as illustrated in eq. 2-6. In this typical
mechanism, the calcite (CaO) powder as a material precursor was prepared by heating the surface
cleaned eggshells (Eq. 2), [28]. After that, the CaO powder was diluted into H,O to form
(Ca(OH),) suspension (Eg. 3). The (Ca(OH),) suspension was precipitated using HsPO, solution
(Eq. 4) followed by sintering at 1000°C for 7 h to obtain B —~TCP powder (Eq. 5 - 6), [29].

CaCO; — CaO + COy; )
Ca0 + H,0 — Ca(OH), (3)
2Ca(OH), + 2HsPO, — 2CaHPO, + 4H,0 (4)
2CaHPO, + 4H,0 — B-Ca,P,0; + H,0; (5)
B-Ca,P,0; + CaO — B-CazP,0s (6)

The second step was the synthesis of the B-TCP/alginate composite scaffold, which is
schematically shown in fig. 3. At the initial step, water soluble alginate (Na-alginate) solution was
mixed with aqueous B-TCP solution (Fig. 3a). Immediately after the mixing process, under
ambient temperature, a reaction was occurred between -TCP and alginate, where B-TCP/alginate
hydro-gel was partially formed (the formation of weak alginate hydro-gel was visually observed
after the mixing process) (Fig. 3b). Such partial formation of alginate hydro-gel of (Fig. 3b) was
probably initiated by interaction between some divalent calcium ion (Ca®*) on B-TCP and oxygen
atom on the acid functional group of alginate [9, 30]. After that, CaCl, cross-linking agent solution
[31] was added into B-TCP-alginate hydro-gel. During this cross-linking process, it was expected
that the Ca®* from CaCl, cross-linked agent replaced all remaining Na* on alginate to form strong
B-TCP/alginate hydro-gel (Fig. 3c). Finally, the B-TCP/alginate composite scaffold as the final
product (Fig. 3d) was obtained by removing water from the p-TCP/alginate cross-linked hydro-gel
using freeze drying method at -40°C for 19 h.
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Fig. 3. A schematic reaction mechanism on the synthesis process of f-TCP/alginate
composite scaffolds from S-TCP and alginate as the precursor (For interpretation of the
references to colour in this figure, the reader is referred to the web version of the article).

3.3. Scaffold morphology

Macroscopic image of a selected synthesized porous B-TCP/alginate composite scaffold
(Fig. 4a) clearly shows that the synthesized composite scaffold was formed in a compact shape,
having several millimetre (> 10 mm) in diameter and length. From the enlarged digital photograph
images in fig. 4b and 4c, it interesting to note that the composite scaffold had non uniform rough
surface. In addition, for better morphology evaluation, SEM image of each composite scaffold
were taken and evaluated (Fig. 5).

As can be seen in fig. 5, all synthesized composite scaffold displays interconnection
pores. From fig. 5, it was observed that the synthesized TA-73 composite scaffold being the most
homogeneous in term of its pore size distribution than other two composite scaffolds, indicating
that the B-TCP to alginate ratio of 7:3 was found to be the most ideal pore distribution under
experimental condition of this study. For biomedical application of scaffold, it has been reported
that good pore uniformity properties of composite scaffolds are preferred compared to non-
uniform one. Although the cell adhesion may well occur on any heterogeneous scaffold; however,
a tissue formation on scaffold having non-uniform in pores size may generally lead to poor
biomechanical properties [32, 33].
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Fig. 4. Digital photograph of a selected 3D porous of f-TCP/alginate composite scaffold
(For interpretation of the references to colour in this figure, the reader is referred to the
web version of the article).

Fig. 5. SEM micrograph of porous f-TCP/alginate scaffold: a) TA-82, b) TA-73, and c) TA-64.
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Fig. 6. Pore size distribution of f-TCP/alginate scaffold. a) TA-82, b) TA-73, and ¢) TA-64.

Fig. 6 presents a typical pore size distribution for all synthesized B-TCP/alginate
composite scaffolds that were obtained by using uCT-scan. The uCT-scan data were reconstructed
using software NRecon at pixel image size of 23.16 um. As it can be seen in fig. 6, the pore size
distributions were found to have a Gaussian distribution function with an average pore size of the
260.8 pm, 224.2 um and 322.3 um for TA-82, TA-73 and TA-64, respectively. While the
percentage porosity of TA-82, TA-73 and TA-64 composite scaffold was found to be 62.9, 61.6,
and 68.8%, respectively. In some previous studies, it has been reported that pore size distribution
for an ideal composite scaffold has to be in the range between 100 and 400 pum [3, 4]. Thus, taking
the average pore size into account for those three composite scaffolds, it can be argued that all
synthesized composite scaffolds obtained in this study are ideal. Specifically, the pore size
distribution of the synthesized TA-73 composite scaffold (Fig. 6b) was found to be the most
uniform among others. Therefore, it can be also argued that B-TCP to alginate ratio of 7:3 was an
ideal one, while beyond this ratio value may lead to give less uniformity on pore size distribution.
Generally speaking, non-optimum alginate addition into the B-TCP would probably lead to
unevenly spread of such alginate to the B-TCP as the host matrix.

4. Conclusions

From the present study, some conclusions were pointed out. B-TCP powder can be
obtained by sintering a mixture of eggshells and H3PO,4 at 1000°C. The synthesized 3-TCP powder
has been successfully composed with alginate by freeze drying method using CaCl, as cross-linked
to obtain a porous B-TCP/alginate composite scaffold. The freeze-drying method was found to be
very suitable for synthesizing the porous B-TCP/alginate composite scaffold without phase
transformation of the material before and after the freeze-drying process. Surface morphology
indicates that the synthesized TA-73 was found to be most uniform in the pore size distribution
compared to other synthesized composite scaffolds. However, pore size distribution of all
synthesized scaffold met the requirements for ideal pore size for bone tissue engineering.
According to the findings, a further detail study on the application of the synthesized f-
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TCP/alginate composite scaffold for bone therapy process is very interesting to be done by our
research group.
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