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Abstract  Alpha-tricalcium phosphate can be used as a powder component in the preparation process of
calcium phosphate cements in hard tissue applications. In this study, the mentioned powder was synthesized
through chemical precipitation method using calcium nitrate and diammonium hydrogen phosphate as the raw
materials. The resulting powder was heat-treated at 1250 °C and quenched at the ambient temperature. The
results of X-Ray Diffraction (XRD) analysis and Fourier Transform Infrared (FTIR) spectroscopy confirmed the
formation of crystalline Alpha-tricalcium phosphate phase and presence of P-O chemical groups, respectively.
The Single-component cement was prepared using Alpha-tricalcium phosphate powder with the liquid phase
containing 2.5 % disodium hydrogen phosphate. The resulting cement sample had an initial setting time of 17+1
minute and the compressive strength of 21+2 MPa. The XRD and FTIR experiments revealed the formation of
a great amount of calcium deficient hydroxyapatite as the resulting cement product. According to the findings,
the cement setting occurred through the hydrolysis of Alpha-tricalcium phosphate powders and the formation of
calcium deficient hydroxyapatite nanoflakes of approximately 500 nm in length. Finally, the cement acellular
bioactivity experiment confirmed that the hydroxyapatite was formed on the outer surface of the cement during

14 days of immersion in the simulated body fluid.
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1. INTRODUCTION

One of the main reasons why calcium phosphates are
used as the bone fillers and substitutes is to obtain a
bone-like mineral composition and chemical affinity.
Hydroxyapatite is an important mineral component in
hard tissues such as teeth and bone. The synthesis of
hydroxyapatite for biomedical applications usually
requires high temperatures. For this reason, the
produced apatite is very crystalline and insoluble at
physiological pH [1]. One solution to this problem is to
use formulations that react at the room temperature to
produce Calcium Deficient Hydroxyapatite (CDHA)
products. Of note, a-TCP is an unstable phase under
1100 °C that dissolves in water or phosphate solutions
and then precipitates as CDHA, which is known as a
stable component compared to a-TCP. The CDHA
formation at the room temperature allows it to be set by
forming a network of entangled crystals [2, 3]. This
property, along with other advantageous characteristics
such as biocompatibility, workability, injectability,
bioactivity, and resorbability, has made a-TCP cement a
bone replacement material for hard tissue engineering
[4]. Resorbability is considered a desirable characteristic
of implantable materials. Calcium phosphate cements
show low resorption in both passive and active methods.
Passive resorption depends on the chemical

composition, porosity, and crystallinity of the hardened
cement as well as the pH of cement surface and
surrounding tissues interface [5]. Upon controlling the
a-TCP characteristics using the synthesis method, its
resorption rate can be improved. Different methods were
used to prepare a-TCP powder, most of which are based
on a solid-state reaction [3]. In this study, monophasic
a-TCP powder was synthesized through the chemical
precipitation-heat  treatment  process at low
temperatures. The powder was then used to prepare the
single-component a-TCP cement. The synthesis and
physicochemical properties as well as the bioactivity of
the cement were reported in this paper.

2. MATERIALS AND METHODS

In the first step, the a-TCP powder was synthesized
using the chemical precipitation heat treatment method,
as shown in Figure 1. Then, the single-component
cement was prepared using the synthesized o-TCP
powder with the liquid phase containing 2.5 %
Na;HPO4. The cement was prepared by mixing the
powder phase with the liquid phase at the P/L ratio of 2
g/ml to form a homogeneous paste. The phase
composition and microstructure of the synthesized
powder and its hydrated cement were analyzed through
XRD, FTIR, and FE-SEM analyses. The setting times of
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the cement were assessed using the Gillmore needles
(ASTM C266-89) [6]. The porosity of the cement was
measured using Archimedes' principle [7], and the
compressive strength of the cylindrical cement sample
was tested according to the ASTM standard F451 using
a universal testing machine. Kokubo method [8] was

employed to investigate the in-vitro bioactivity via
cement immersion in Simulated Body Fluid (SBF). The
washout of the disc-shaped cement was determined by
measuring the weight loss in a dynamic water
environment [9].

Ca(NOs)2.4H20 NH.OH
+
(NHa4)2HPOas (Solution) pH6

(Ca/P=1.5, 37 °C)

-Stirring (1000rpm/2hr)

-Filtered, Washed, Dried (60°C)
-Heat treatment (1250°C/4hr)

-Quenched (room temperature)

Figure 1. Synthesis flowchart of a-TCP powder

3. RESULTS AND DISCUSSION

Figure 2a illustrates the XRD pattern of the
synthesized powder, thus confirming the formation of
the monophasic a-TCP. The X-Ray Diffraction (XRD)
and Fourier Transform Infrared (FTIR) experiments
done on the cement confirmed the formation of high
amounts of Calcium Deficient Hydroxyapatite (CDHA)
(Figure 2b), indicating the conversion of a-TCP to
CDHA. However, the peak related to the a-TCP powder
was almost observed mainly due to the fact that the
hydrolysis reaction was not complete, and a certain
percentage of the remaining unhydrolyzed a-TCP was
identified in the cement. This is completely natural from
the point of view of the dissolution chemistry of raw
materials, as reported by other researches [4]. The XRD
pattern of the cement after 14 days of immersion in the

SBF conformed the formation of HA on the cement
surface (Figure 2c¢). The intensity of the apatite peaks
increased followed by their immersion in the SBF,
compared to the apatite formed during the cement
setting, thus confirming the re-formation of apatite on
the cement surface during immersion in the SBF
solution. Since the surface of the cement immersed in
the SBF is covered by HA, the peaks corresponding to
the remaining o-TCP powder cannot be; instead, HA can
be observed as the dominant phase on the surface of the
cement. Ginebra et al. also reported the complete
conversion of a-TCP peaks to CDHA for the same
cement mixture after 15 days of immersion in Ringer's
solution [10]. It should be noted that the FTIR analysis
also confirmed the phases identified by XRD among the
chemical functional groups related to each phase.
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Figure 2. XRD patterns: a-TCP powder (a), cement (b), and cement after immersion in SBF (c)

The initial and final setting times of the cement sample
were measured as 17 * 1 and 35 = 2 minutes,
respectively, and its porosity percentage was calculated
as 39.7 % according to the Archimedes’ principle. The
compressive strength of the cement sample was 21 + 2
MPa. The cross-section surface morphology was
investigated using FE-SEM observations (Figures 3a
and 3b). The resulting cement product was found to be
formed as the flake-like nanocrystals on the non-
hydrolyzed o-TCP powder. According to the XRD
experiments (Figure 2c) and results from the chemical
cementation process, the nature of these flake-like
nanocrystals was CDHA. In the set cement sample, the
micrometer porosities with the size of about 2-4 pum
were found in the region between particles. The setting

of the cement through the hydrolysis of a-TCP powders
could result in the formation of CDHA nanoflakes of
approximately 500 nm in length. The FE-SEM images
of the cement after immersion in the SBF solution
confirmed the presence of a biomimetic coating with a
granular structure at low magnification (5 kx) and flake-
like nanocrystals at high magnification (25 kx) (Figure
3c and 3d). The washout rate of the cement was
measured by its weight loss after 3, 7, 14, and 21 days
of immersion in the SBF. The cement maintained its
cohesion and geometric dimensions without any
significant physical degradation. The minor assessed
washout could be correlated to the ion dissolution and
release.
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Figure 3. FE-SEM images of cement (a, b: before and c, d after immersion in SBF)

4. CONCLUSION

The method used in the chemical synthesis made it
possible to obtain the a-TCP compound at a lower
temperature and higher phase purity than those in other
conventional itineraries. The single-component cement
was prepared using synthesized a-TCP with a liquid
phase containing 2.5 % Na;HPO,4. The XRD and FTIR
experiments done on the cement sample confirmed the
formation of great amounts of CDHA through the
cementation process. Based on the porosity and
mechanical strength values as well as the results from
acellular bioactivity and washout experiments, it can be
concluded that the single-component a-TCP cement
prepared in this research work can be considered a
suitable candidate for further cellular in-vitro
experiment and in-vivo animal model trial.
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