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ARTICLEINFO ABSTRACT

G icated by Keshra Sangwal Green mussel shells contain a high content of calcium that can be potentially used for starting biomaterials. A

powder processing and subsequent caleination-dissolution-precipitation (CDP) technique for recycling the shells

Keywords: into the value-added of precipitated calcium carbonates (PCC) is presented in this paper. In the experimental

ﬁ- Er“fiﬁftg’fmﬂns study, the received green mussel shells were initially washed and ground and followed by heat treatment at
. Clnation

different temperatures in an electric furnace. PCC product was precipitated from the blended solution of calcium
and carbonate ions derived from the heat-treated ground powder. The precipitating solids were then investigated
via XRD, SEM-EDYX, and FTIR methods. The XRD Rietveld method confirmed that the raw green mussels were
rich in erystalline aragonite, which could be recycled into vaterite and caleite in the PCC product. The current
study demonstrated that the green mussel shells are technically possible for the starting materials in biomedical

Bl. Green mussel shells
B1. Precipitated calcium carbonates
B1. Biomaterials

applications.

1. Introduction

Green mussels (Perna Viridis) are frequently harvested as a food
source in the Indo-Pacific region. They are cultivated in coastal waters,
mangroves, and river mouths [1]. Normally, the high productivity time
of green mussels finds during the peak seasons of March to July [2]. At
present, the production of green mussels in Indonesia may reach
309,886 tons/year (data in 2018). If these shells are composed of 70% of
the total weight of the mussels, 216,902 tons of waste of green mussel
shells require proper disposal in order to reduce environmental pollu-
tion. Alternatively, a very large number of these shell wastes could be
recycled into added-value products. An attempt has been given in the
last decade for processing these shells into the precipitated calcium
carbonate (PCC) due to its growing importance as biomedical materials

3]. Due to its high biocompatibility, PCC products could be found in
many industrial sectors such as pharmaceutical, biological and
biomedical applications [4.5].

In practice, the PCC product with the different polymorphs (ie.,

calcite, vaterite, and aragonite) and unique morphology may be

* Corresponding author.
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synthesized from the mixing of solutions containing calcium ion and
carbonate ion depending on the different processing conditions [6-8].
Because of the most stable phase at room temperature, calcite may be
easily formed and applied for releasing the targeted and sustainable
drugs against cancer cells [9,10]. Due to high solubility in water, how-
ever, vaterite is least stable and tends to recrystallize into more stable
phases (i.e., calcite or aragonite) depending on the operational condi-
tions [11]. Particularly, spherical vaterite particles are desirable for
medical usage relating to their characteristics such as biocompatibility,
low toxicity, a high loading volume, and dissolution in relatively mild
conditions [12-15]. Additionally, aragonite is the common polymorph
of calcium carbonates having an excellent biocompatible property,
which is purposed for anti-cancer drug delivery and the scaffolding of
bone implants [16-19].

The synthesis of PCC using the different calcium sources of marine
wastes (e.g., green mussel shells, shellfish, and animal bones) is now
greatly promising [20]. Here the green mussel shells rich in calcium
sources offer an option of providing a low-cost raw material for the
synthesis of biomedical materials such as the PCC and Ca-
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hydroxyapatite (Ca-HA) product [21-23]. In general, biogenic materials
are known as rich in calcium sources and have attractive physico-
chemical and biocompatibility characteristics similar to those of human
bones [24 ]. These materials are made of plankton, which dominates the
chemical reaction with the carbonate minerals in the surface deposits
[25]. For example, the shells of green mussel and oysters contain
abundant calcium, varying from 95.7 to 98.2 for CaO (wt.%). It is noted
here that results in the form of oxides were provided by XRF analysis
independent of the actual form of chemical compounds in the waste
shells [26], because light elements such as oxygen and carbon could be
not analyzed. However, their cations mainly bind to carbonates. In this
case, arange of additional Ca-, Mg-, Mn-, and Fe-rich carbonate minerals
are found in the waste shells [25].

In the previous report [27,28] the precipitation route of calcium
carbonates is very common through the mixing solution of calcium
sources and carbonate ions, while the polymorphs could be controlled
with or without chemical additives in varying systems. Specifically, the
synthesis factors (e.g., temperature, pH of the solution, reaction time,
ion concentration and ratio, stirring, and the concentration of additives)
control polymorphs and physicochemical properties of calcium car-
bonates [27,28].

A great effort to control and manipulate polymorphs of PCC product
from shells of blood, cockle, and oyster has been made to-date [29,30].
However, the synthesizing benefits of PCC from the shells of green
mussels with a mineral carbonation technology has not yet been fully
explored. Correspondingly, the calcination-dissolution-precipitation
(CDP) method was proposed for processing shells of green mussels
into PCC, depending on a molar ratio of carbonate and calcium ions
[26,27]. Understanding of the formation behavior of each polymorphs
of PCC and the impacts of the synthesis factors on particle size, shape,
density, color, brightness, and other properties required an analytical
characterization method (qualitative and quantitative). These analytical
tools of capable of distinguishing among the different phases that form
during the synthesis are needed.

In the present study, the CDP synthesis of PCC was performed to take
advantage of the green mussel shells as a low-cost starting biomaterial.
Moreover, the analytical tools (XRD, SEM, and FTIR) were selected for
determining the crystalline phases of all three calcium carbonate poly-
morphs that in turn were used for (i) quantitatively analyzing among the
three calcium carbonate polymorphs in a temary mixture and (ii)
examining their morphological developments from the CDP synthesis.
These experimental results are expected to provide a benchmark for
further synthesis of biomedical material from the biogenic materials
specifically the green mussel shells.

2. Materials and method
2.1. Preparation of calcium carbonate samples

The powder processing strategies, including grinding and calcina-
tion, was adopted to prepare the waste mussel shells as a bioresource of
calcium carbonate. In this experimental study, the calcination of the
mussel shells was desirable in view of the possibilities of obtaining pure
calcium oxide by removing water, salt, mud, and the remaining meat
contained in the mussel shell. It has been demonstrated experimentally
[3] that a large scale of shells can be successfully converted through
calcination into pure calcium carbonate. The calcination temperatures
at both 800 and 900 °C allowed calcium contained in the waste to
convert into calcium oxide and carbon dioxide for easing the extraction
of calcium ions in acid solution.

Furthermore, the nitric acid solution was employed for dissolving the
calcium content of the calcined waste for subsequent PCC synthesis.
Subsequently, the dissolution of the calcined waste into the nitric acid
was proposed as a simple method for yielding soluble calcium ions, by
which the 2:1 Mratio of acid to Ca®>* was made by reacting 1 mol of CaO
with an excess of nitric acid leading the reaction as follows
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CaOy;) + 2HNO; (aq )= Ca(NOs ), (aq) + H O(1) 1)

As the main concern of the study is precipitating calcium carbonate
(PCC) formation, the crystal forming solution must be in rich Ca®" and
carbonaceous species (CO2, HCOj3 , CO5 %), which are crucial and
favored under the liquid-vapor equilibrium of COz leading to the for-
mation of different ionic species and pH changes according to

Ca** 4+ 00 —=CaCo; (3]
Ca** +2(HCO™ )=CaCOs + CO; + Hy0 3)
2HNO; + CaO—Ca(NOs ), + Hy O )

Accordingly, such ionic equilibria changes shifted the main speciesin
the solution and the solubility of the calcium carbonate, resulting in its
deposition or dissolution [31].

The experimental setup of this research is shown in Fig. 1. As
received green mussel shells were initially cleaned using water and
subsequently desiccated under the strong sunlight. Moreover, ball
milling was applied for reducing the green mussel shell to yield powder
which was passed a wire sieve with 100 mesh. This stage yielded raw
ground powder material for subsequent calcining at a temperature of
800 “C (Cal-800) and 900 °C (Cal-900) for 5 h using a Carbolite®
furnace. For preparing a PCC forming solution was performed by mixing
17 g of the calcined powder in 300 ml of 2 M HNO,, and the resulted
solution was agitated in a magnetic stirrer at 60 “C for 30 min. During
the course of the experiment, the NH,OH was added slowly to provide a
pH solution of 12, and the obtained solution was strained using What-
man'*? filter paper. The filtrate was precipitated by slowly flowing CO»
gas. The resulting milky white precipitate was then cleaned with
distilled water to a pH of 7. Eventually, the precipitating solid was
recovered by the paper filter and then dried at 110 °C for 2 h. The PCC
products with the basic ingredient of raw ground powders have been
heat-treated at 800 “C and 900 °C, designated as PCC-800 and PCC-900
samples, respectively. Moreover, FTIR, SEM-EDX, and XRD methods
were used to characterize the above samples. Finally, the structural
characteristics of the above samples were compared with the results on
commercial calcium carbonate powder (Merck, Germany).

2.2, Physico-chemical characterizations of powder samples

For the XRD measurement, an Al-sample holder was fulfilled by the
dried powder which was then pressed using the glass slide to ensure that
the sample was positioned at the right height. Afterward, the sample was
displayed to an x-ray beam in the X-ray diffractometer (Bragg Brentano
mode- Philips; PW 3050/60) for recording x-ray spectra. The XRD
measurement data (3-80° 20, 0.02° steps, and 30 s/step) were taken.
Moreover, a search-match program (PC-based match software) was
implemented for qualitative analysis of determining each polymorph of
calcium carbonates, which was subsequently verified by the XRD Riet-
veld profile refinements using the Program Fullprof-2 k, version 3.30
[32]. The refinement program used the crystal structure model available
in the literature (American mineralogist of crystal structure database
AMCSD) [33].

Further quantitative phase analysis of the PCC product was per-
formed using the value of refined scale factor obtained from the Rietveld
refinement process, in that the relative weighted fractions of each
polymorph (major and minor amounts) of the PCC were determined
[34]. In this calculation, a sum of (wt.%) amounts of each crystalline
phase must be 100%. The detailed Rietveld refinements of these XRD
data are presented elsewhere [35.36]. Additionally, powder samples
were examined by the SEM/EDX method for morphology and chemical
element analysis. For measurement procedures, the powder samples
were initially put on using double-sided conductive tapes on the Al-
sample holder and the powder surface was coated with carbon.
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PCC900°C For 5h

900°C For 5h

Fig. 1. Experimental setup for preparation of calcium carbonate from green mussel shells. (For interpretation of the references to color in this figure legend, the

reader is referred to the web version of this article.)

Moreover, FTIR spectrometry (IR-Prestige88) was employed to examine
the calcium carbonate formation of PCC products. All spectra at bands
from 400 to 4000 cm ™! were recorded at 200 scans/s with a spectral of 2
cm™! resolution.

3. Results & discussion
3.1. Quality and quantity of calcium carbonate powders

Samples of ground powder of green mussel shells, heat-treated
ground powder, and PCC powder resulted from generated solutions
were examined through a qualitative analysis of XRD data. In this way,
intensity lines in XRD spectra were matched with those of the mineral
database from the standard powder diffraction database (PDF) of the

International Centre for Diffraction Data (ICDD) (PDF-2, ICDD-Release
2008). The determination of crystalline phases was then verified using
the XRD Rietveld method. Fig. 2 shows XRD patterns of crystalline
phases in all powder samples. The ground powder of green mussel shells
shows the peak spectra of calcium carbonate with the highest intensity
found at an angle of 20 26.233°, 27.238°, and 45.881°, which corre-
spond to aragonite with the peaks matched with ICDD#PDF760606. The
highest intensity spectra of XRD data for Cal-800 sample was found at an
angle of 20 29.400°, 39.409°, and 48.505°, matching with the phases
formed of calcite (ICDD#PDF831762) and portlandite (Ca(OH),)
(ICDD#PDF 04-0733). In contrast to Cal-800 sample, Cal-900 sample
has the XRD data with the highest intensity at an angle of 20 18.048°,
34.111° and 47.130° corresponding to the crystalline phase of por-
tlandite. In the PCC-800 samples, the highest XRD peaks were identified

A : Aragonite (CaCO;)
v : Vaterite (CaCOy)
¢ : Calcite (CaCO;)
P : Portlandite (Ca(OH),)
ﬁ Raw
A AA Material
b - A
= c
= P p| P ¢ (Cal-800
]
=
Pp p Cal-900
[ 33 PCC-800
cc PCC-900
0 10 20 30 40 50 60 70 80
2 theta

Fig. 2. X-ray diffractograms of shell powder, heat-treated powders at temperatures of 800 and 900°C (Cal-800 and Cal-900), and PCC products (PCC-800 and

PCC-900).
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at an angle of 20 27.046°, 32.740° and 43.821° relating to the phases of
vaterite (ICDD#PDF741867) and calcite. Similarly, the PCC-900 sample
showing the highest intensity of XRD spectra was found at an angle of 20
27.1°, 32.8°, and 24.9° matched with phases of vaterite and calcite. All
identified phases of those samples were then judged by the XRD Rietveld
method confirming that the measured peak profiles of XRD data were
well fitted with the peak profiles of standard XRD data. Fig. 3 presents
for a plot of XRD Rietveld profile refinement for the PCC-900 sample.

Further, morphology and purity are significant variables of the
processing and synthesis for calcium carbonates, while the amount of
each phase grown represents an economic target of the powder pro-
cessing strategy. In the study, the phase compositions of ground, heat-
treated, and PCC powders were gquantitatively derived by the XRD
Rietveld method and the analysis results were given in Table 1. It was
observed that in the experiment the raw material of green mussel shells
is rich in aragonite. When the calcination was carried out at increasing
temperatures (800 and 900 “C), the phase composition of the calcination
product changed with temperature. Presumably, the calcination tem-
perature made a decomposition of aragonite into calcite and portlandite.
After the beginning of the calcination, aragonite seemed to decompose
resulting in the minor calcite and high amount of portlandite at 800 °C.
Nonetheless, there was no calcite formed and replaced by portlandite at
a temperature of 900 “C. Based on the thermogravimetric analysis,
calcium carbonate decomposition is reported to occur at a rising tem-
perature from 600 °C to 800 “C. With the subsequent increasing tem-
perature to reach 900 °C, the transformation of calcium carbonate
attained equilibrium (almost completely transformation) [37]. Also,
another study reported that the transformation temperature of the nat-
ural aragonite is about 450-500 “C, whereas the strong endothermic
peak could be identified in the range of temperatures of 766.8-848.6 °C
resulting in calcite decomposition [38]. With calcination of the samples
was performed at temperatures of 800 and 900 “C, the present XRD
analyses proved the result of an endothermic conversion from aragonite
crystal to calcite and portlandite occurring in the calcined sample of Cal-
800. Additionally, almost complete decomposition of aragonite to por-
tlandite could be confirmed experiencing in the sample of Cal-900
(Table 1).

Obviously, the amount of portlandite increased with the progress of
the calcination due to the release of the COs at 800 and 900 “C, while
more than 30% of weight loss of pure calcite occurred during the
experimental synthesis (see Table 1). After the end of decomposition at
calcination temperatures of 800 and 900 “C, the weight ratios of calcite
versus portlandite in the product of calcium carbonate turned to be
33:67 and 0:100, respectively. These results confirmed that the total
decomposition of calcium carbonate occurred in the sample of Cal-900
and implied the release of CO: from calcium carbonate resulting in
only the product of portlandite. Accordingly, the large amount of

Veale
Voka-toale

| Praga_pasitian

Intensity

. i ) ) m . Vaterite
[ | | IIII IIIIII IIIII IJ | III IIIII III Ill[ Caliite

0 10 20 30 40 50 60 70 80
2 theta

Fig. 3. XRD Rietveld plot of PCC-900 product.
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Table 1

Crystalline phases of products from the ground powder of raw material, the
calcined powders (Cal-800 and Cal-900), and the precipitating solid (PCC-800
and PCC-900).

Phase Weight (%)

Raw Material Cal-800 Cal-900  PCC-800 PCC-900
Calcite - 33.00(44)* - 7.84(33) B.74(70)
Aragonite 100 - -
Vaterite - - - 92.16(98)  91.26(65)
Portlandite - 66.91 (58) 100 - -
Total 100.00 100.00 100.00 100.00 100.00

* The number in parenthesis indicates the standard deviations obtained from the
XRD Rietveld quantitative analysis.

portlandite {~100 wt%) could be produced at the calcination temper-
ature of 900 °C, which agreed with the result of thermogravimetric
analysis in which the decomposition of calcium carbonate remained
unchanged at the temperature reaching 900 °C [37,38].

Further synthesis factors influencing the formation of calcium car-
bonate polymorphs are in multiple and interacting ways, in that the
temperatures of calcination strongly control the precipitation of each
polymorph in the solution. Here the PCC resulting from the calcium
carbonate solutions has a different phase composition at varying the CO»
flow rates and calcination temperatures, in which the amounts of
vaterite and calcite were controlled by temperature during the carbon-
ation process. [t was proposed that in the experiments the trans-
formation from portlandite to vaterite and calcite proceeded in the
solutions according to [28]:

Ca (OH); + CO; = CaCOs + H20(5)

Here the reaction pathways of the PCC from the powders of green
mussel shells through mineral carbonation can somewhat counterbal-
ance by the total cost of heating and the dissolution process. However,
the particular use of green mussel shells as calcium sources for the
fabrication of the PCC may provide the environmental benefits in terms
of reuse and recycle of the marine wastes.

3.2. Chemical composition and morphology for powder samples

The chemical elements (wt.%) of all powders were obtained from
EDX analysis and results are given in Table 2. This EDX data did not
provide the actual form of chemical bonding present in the powder
samples. However, oxides and carbonates are supposed to be the main
chemical compounds of the powders. Obviously, powders of the green
mussel shells mainly contain Ca, C, and O, in addition to small amount of
Na-ion (0.5%). The major chemical components of these green mussel
shells are rather alike to those of the commercial powder of calcium
carbonate. After the calcination process, a change in the chemical
compositions of the powders could not be observed during the study.

The only small variation of calcium content may be associated with
the carbonation process. Furthermore, the calcination temperatures
(from 800 to 900 “C) made reduced in Na content (0.21%) and finally

Table 2

EDX-based chemical elements of the ground powder of raw material, the
calcined powders (Cal-800 and Cal-900) and the precipitating solid (PCC-800
and PCC-900), and commercial caleium carbonate.

Element  Mass (%)
Cal- Cal- PCC- PCC- Raw Commercial
BOOD Q00 BOOD Q00 Material CaCOy

C 6.34 7.13 14.80 14.11 17.56 10.99

o] 48.13 51.21 54.67 52.41 53.09 48.13

Na 0.21 - - - 0.50 -

Ca 45.33 41.66 30.53 33.48 2B.B5 40.88

Total 100.00 100.00 100.00 100.00 100.00 100.00
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disappeared. Additionally, the Ca content in the PCC samples decreased
due to carbonation by introducing CO: streams into the solution.
Conversely, the carbonization process made an increase in the contents
of Cand O. Also, the increasing temperature made an increase in the CO»
solubility within the solution [39,40]. Accordingly, vaterite was formed
in the PCC samples because of directly reacting with CO, in the solution.

SEM images for morphologies of calcium carbonate powders made
from green mussel shells, the calcination process of shells, and precipi-
tating solution are shown in Fig. 4. Prior to calcination, green mussel
shell powders with an irregular shape morphology could be observed to
look like small branching stems of common aragonite crystals (Fig. 4a),
while the commercial calcium carbonate has a cube-like shape
morphology, which is commonly found in the calcite crystal (Fig. 4b)
[41]. The crystalline phase of powders obtained at calcination of 800 °C
(Cal-800) yielded a small cube-like shape morphology with irregular
shapes. This morphological shape corresponds to the presence of 2 (two)
crystalline phases in that sample, namely cube-like shape for calcite
(Fig. 5a) and hexagonal-like shape for portlandite (Fiz. 5b). Moreover,
the main crystalline phase of portlandite produced at 900 °C has a more
irregular hexagonal-like shape morphology compared to that in the
sample obtained at 800 °C, which relates to the strong effect of tem-
perature on change of morphology [42]. SEM images of the PCC-800 and
PCC-900 samples show the small spherical-like shape morphology with
sizes smaller than 5 pm, which relates a major vaterite crystal as
confirmed by the XRD quantitative analysis (Fig. 6a-b; Table 1) [14]. As
reported previously [43] the average particle size of calcium carbonate
is typically between 1 and 3 pm those have resulted from a precipitation
process at ambient temperature. Further, a difference in particle size
between PCC-800 and PCC-900 samples could be identified in SEM
images. Likely, changes in pH and the CO: concentration controlled the
particle size in the course of the experimental study. As demonstrated
previously [15,31,43], the particle size of calcium carbonate resulted
from the precipitation related to the reduction in the CO, bubble size,
and in the CO, concentration. However, further experimental work for
controllable COs bubbles and CO: concentrations is still required to
understand the effects of reaction conditions on the product properties.
Furthermore, the commercial CaCOj3 has a cube-like shape morphology,
which is the characteristic of calcite [26].

3.3. FTIR analysis of powder samples

FTIR examinations of green mussel shells, heat-treated ground green
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mussel shells, precipitated calcium carbonate, and commercial CaCO3y
and their results are given in Fig. 7. Generally, a positional shift of peaks
versus the reported standard peaks could be observed in all samples.
This shift was possibly related to the presence of hydrogen bonding
making a shift toward the lower frequency of all functional groups
involving in hydrogen bonding [44]. In the study, FTIR spectra for
calcium carbonate appeared at 864.1 and 711.14 cm ™! bands and at
1473.62 and 1392.22 cm™! bands, which correspond to respective Ca-0
and C-0 bonds, matching with a high concentration of CaCOj3 as
observed in the samples. The FTIR results can also characterize the types
of crystals formed based on the characteristic of the resulting peaks.
Prominent absorption bands in the range of 700-900 cm™! could be
assigned for aragonite in powder samples of commercial calcium car-
bonate and the mussel shells. Conversely, the low relative intensity
bands at around 3400-3600 cm ! corresponding to O-H bonds were
confirmed in all samples except for the commercial calcium carbonate
samples. Particularly, the O-H bond may be related to a low concen-
tration of Ca(OH); having a sharp band of 3641 em !, which was
possibly formed on the Cal-800 and Cal-900 samples, because of its
hygroscopic property [45]. Also, the hydroxide may be a remaining ion
formed during the calcination process. FTIR spectra at the band of
879.84 cm~! appeared on samples (i.e. PCC-800 and PCC-900) corre-
sponding to vaterite as confirmed by the previous XRD analyses [46].

3.4. Feasibility of green mussel as a starting biomaterial

Powder processing strategies of green mussel Perna Viridis shells for
yielding the added-value of calcium carbonates have been demonstrated
in the study. The obtained powder products exhibited varying poly-
morphic forms of calcium carbonates. Correspondingly, the calcium
carbonates, or its derivatives from the powder processing procedures
have been found to be potential for multipurpose usages [47]. Such a
powder processing procedure has become a key aspect of the experi-
mental study for preparing and converting of the green mussel shells
into value-added calcium carbonate. The success level to produce cal-
cium carbonate phases depending on the powder processing route,
synthesis parameters, and drying method. In the study, the batch labo-
ratory experiments performed with powders with varying particle sizes,
the calcination temperature, and pH provided significant results for the
quality and quantity of calcdium carbonate products. A reasonable
amount of aragonite (100 wt%:) as confirmed by XRD phase composition
analysis could be obtained by milling process of the green mussel shells

Fig. 4. SEM images of a) calcium carbonate made from green mussel shells and b) commercial CaCOs;.
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Fig. 6. SEM images of precipitated calcium carbonate for a) the PCC-800 and b) PCC-900 Samples.

as a starting material, while the calcination processes of these milled
powders at 800 °C and 900 °C yielded the change of phase compositions
in the calcium carbonate products along with varying morphologies and
particle size. At the temperature of 900 “C, the selected temperature and
reaction time may influence the formation of the pure portlandite phase
with controlled morphology. Furthermore, the PCC with controlled
morphology could be obtained by precipitation technique of the heat-
treated ground powder as starting materials from the mixture of HNO3y
and NH4O0H solution. In this precipitation process, the resulted PCC
powders had spherical particles with a size of <10 pm forming
agglomeration with calcite and vaterite, though vaterite was still the
major phase.

It was proposed that in the present synthesis the increase in the
vaterite content in the PCC structure may be reached through increasing
reaction time when the CO, stream kept in contact with the reaction
solution. In addition, the resulted particle size and morphology may be

controlled by the stirring rate in the precipitation process, in that syn-
thetic vaterite particles have become a great concern about using them
in vascular medicine. Vaterite is well known as biomedical because of its
biocompatible [45] and low toxicity [49.50]. For the medical purpose,
the high purity of vaterite with homogeneous spherical particles are
vital for ensuring the marketability. These characteristic particles are
required for attaining the degree of penetrance in the drug delivery to
the lung [14.50.,51]. In some cases, vaterite with particle size in the
range of sizes of 300 nm to 6 pm can be simply govemed in the powder
processing procedures. In future work, the synthesis from the reactivity
of PCC and H3PO4 would be described to yield the Ca-HA for medical use
in the absence of impurities [52,53].

4. Conclusion

The results of this study demonstrated calcium carbonate
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Fig. 7. FTIR spectra of CaCO3; commercial, raw material, calcined (Cal-800 and
Cal-900) powders, and PCC (PCC-800 and PCC-900) powders.

polymorphs obtained from the powder processing and calcination-
dissolution-precipitation (CDP) technique of the green mussel shell
powder. Based on the results of XRD, SEM-EDX, and FTIR evaluations,
the heat-treating of the ground powder provided a high amount of
portlandite and minor calcite in the Cal-800 sample, but calcite was
totally lost leading to yield pure portlandite in the Cal-900 sample as a
result of COs release. Additionally, PCC product has the same charac-
teristics as commercial CaCO3. There is no different polymorph in the
PCC product that was observed relating to the COz stream in contact
with the reaction solution. Importantly, the PCC-800 and PCC-900
products have a high content of vaterite which is a potential candidate
biomaterial in a drug delivery system. The synthesis procedure of the
PCC product resulted in calcium carbonate which can be used for a
starting biomaterial of the high purity Ca-HA.
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