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Calcium hydroxyapatite (Ca-HAp) is mostly seen

as a synthetic material for biomedical applications
due to its bioactivity and biocompatibility [1]. Ca-
HAp ion exchange ability against various cations
makes it highly biocompatible with inherent
bioactivity properties [2]. Because of the flexibility in
the structure of Ca-HAp, various cations, such as
zinc or copper can substitute Ca2+ in Ca-HAp in
order to improve the desirable properties [3].
Biomaterials having antibacterial activity within
their structures could be applied not only for bone
defects and implant’s coating in orthopedic surgery
but also for the treatment of skin infections, for
microbiologically polluted water, as well as polymer
additive and for general use [4]. To prepare
biomaterials with desirable properties, it is essential
to develop cost-effective and efficient synthesis
methods which would at the same time provide the
possibility to control morphology of the products.

Pristine α-TCP powders were synthesized 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. Concentrated ammonia solution was added to the prepared Ca(NO3)2

solution in order to adjust pH to 10. Under constant stirring on magnetic stirrer, the prepared (NH4)2HPO4 solution was mixed together
resulting in the instant formation of white precipitates. The precipitates were stirred in the reaction mixture for 10 minutes, afterwards
vacuum filtered and washed with an appropriate amount of water and isopropanol. After washing the precipitates were dried in the oven
at 50 °C overnight [5]. The obtained XRD patterns of pristine powders indicated an amorphous nature of the synthesized calcium
phosphate (no sharp diffraction peaks were detected in the XRD patterns, only very broad peak at about 30°, which is characteristic for
ACP) (Fig. 2). Finally, dry powders were ground in agate mortar and annealed in the furnace at 700 °C temperature for 5 h in air
atmosphere with a heating rate of 5 °C/min [5]. The phase crystallinity and purity of the powders after the thermal treatment were
characterized by XRD analysis. All the diffraction peaks match very well the standard XRD data of α-Ca3(PO4)2 (Fig. 2).

Hydrothermal synthesis produces crystalline, well-defined and

phase-pure HAp in a single step. The scheme of the
hydrothermal synthesis using α-TCP as a precursor is presented
in Fig. 3. Hydrolysis reactions were performed in aqueous
solutions of divalent cations (Zn2+ and Cu2+) under hydrothermal
conditions at 200 °C. Concentration of the metal ions in the
reaction solution corresponded to Ca-HAp substitution levels of
0.1; 0.5; 1; 5 and 10 mol %.

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 Zn2+ and Cu2+. Increased concentration
of Zn2+ (0.5; 1 mol %) induced formation of β-TCP. Formation of
HAp phase was completely inhibited when higher concentration
of Zn2+ (5 mol %) was introduced to the reaction solution. When
Zn2+ concentration was 10 mol %, the phase composition of the
precipitate was almost composed of Scholzite (Fig. 4). Cu2+ had a
similar effect on phase transformation: increased concentration of
Cu2+ (0.5; 1 mol %) had also induced formation of β-TCP. At the
higher concentrations of Cu2+, hydrolysis of α-TCP was slightly
hindered, and some remaining α-TCP was left after the
hydrothermal treatment (Fig. 5). Zn2+ and Cu2+ had impact on the
morphology of the final product: increasing concentrations of
these cations correlated with an increasing fraction of rod-like
crystals (Fig. 6). The results of this study show that foreign ions
could be applied as HAp morphology-controlling additives
during the hydrothermal synthesis.
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Figure 1. Synthesis of α-TCP by wet precipitation method.

Figure 3. Hydrothermal synthesis of doped HAp.

Figure 2. XRD patterns of amorphous calcium phosphate and α-TCP.

Figure 5. XRD patterns of Cu2+ doped α-TCP powders after hydrolysis 

reactions.

Figure 4. XRD patterns of Zn2+ doped α-TCP powders after hydrolysis 

reactions.

Figure 6. SEM images of samples: undoped Ca-HAp (Ca10(PO4)6(OH)2) (a), doped with different amount of Zn2+: 0.5 mol % (b); 1 mol % (c); and with different amount of Cu2+:  0.5 mol % (d); 1 mol % (e).
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