
HYDROLYSIS OF α-TCP UNDER HYDROTHERMAL 

CONDITIONS IN THE PRESENCE OF DIVALENT CATIONS 

Synthesis of α -TCP 

Pristine α-TCP powders were prepared by wet

precipitation method using calcium nitrate

tetrahydrate and diammonium hydrogen

phosphate as starting materials (Fig. 1). Ca to

P ratio was kept 1.50. The obtained

precipitates were mixed for 10 min, washed

with an appropriate amount of water and

isopropanol and dried in an oven at 50 °C
overnight.

The as-prepared powders were amorphous

(Fig. 2). No sharp diffraction peaks could be

seen in the XRD patterns (Fig. 3), the XRD

pattern was attributted to amporphous

calcium phosphate. The crystallization

process starts at around 600 °C with a

formation of α-TCP (Fig. 3). The dried powders

were annealed in a furnace at 700 °C for 5 h

(air atmosphere, heating rate of 5 °C/min).

After a thermal treatment, ACP crystallized to

α-TCP.

Synthesis of HAP

Figure 1. Synthesis of α -TCP via wet precipitation 

method.

Figure 2. SEM 

images of 

undoped ACP (a)

α –TCP (b).

Fig. 4 presents the scheme of the hydrothermal synthesis using α-TCP as a

precursor. The lowest concentration (0.1 mol %) of the foreign cation did not

affect phase purity of the final product, single-phase HAp was obtained both

using Mn2+ and Sr2+. Increased concentration of Mn2+ (0.5 mol %) induced

formation of some β-TCP in addition to HAp. Formation of HAp phase was

completely inhibited when higher concentration of Mn2+ (1 mol %) was

introduced to the reaction solution. Sr2+ had a lower effect on phase

transformation: single-phase HAp was obtained using 1 mol % of this cation,

while at higher concentrations, hydrolysis of α-TCP was slightly hindered, and

some remaining α-TCP was left after the hydrothermal treatment at 120 °C. Sr2+

was found to affect the morphology of the final product: samples synthesized

using larger concentrations of this cation (Fig. 1) contained not only plate-like,

but also rod-like crystals. This implies that morphology of HAp could be

controlled by applying certain concentrations of the foreign ions during the

hydrothermal treatment of α-TCP.
Figure 4. Hydrothermal synthesis of doped HAP.

Introduction

Figure 7. Fig. 1. SEM images of 

samples doped with different amounts of 

Sr2+: 0.1 mol % (b); 1 mol % (c).
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Figure 3. XRD patterns
of amorphous calcium
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Over the recent decade, calcium hydroxyapatite (HAp; Ca10(PO4)6(OH)2) has found applications in various fields, such as bioceramics, chromatography, catalysis, and

water purification, to mention just a few [1]. Even more applications could find HAp with specifically designed morphology: crystal morphology and size have impact on

the solubility, specific surface area, could affect the surface wettability and induce preferential adsorption of specific compounds [2,3]. It is known that the presence of

additives, including organic molecules or foreign ions, can influence the crystallization process of HAp drastically. Numerous studies have investigated the processes of

HAp crystallization and oriented crystal growth [4-6]. At the same time, it is known that in aqueous medium α-tricalcium phosphate (α-TCP) hydrolyzes leading to the

formation of HAp. This approach under hydrothermal conditions can be employed for the preparation of oriented HAp with high aspect ratio [4]. However, the effects of

ion-doping of α-TCP on the crystal structure and morphology products was not investigated so far.
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Fig. 5. XRD patterns of Mn2+(a) and Sr2+(b) doped α-TCP powders after different times of 

hydrolysis.
Figure 6. SEM images of samples doped with 

0.1 mol % of Mn2+ 
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