
HYDROTHERMAL SYNTHESIS OF HYDROXYAPATITE FROM α-TCP 

USING DIVALENT CATIONS AS MORPHOLOGY-CONTROLLING 

AGENTS  
Gabrielė Klydžiūtė1, Eva Raudonytė-Svirbutavičienė1,2, Laura Lukavičiūtė1, Aldona 

Beganskienė1, Aleksej Žarkov1, Aivaras Kareiva1 
 
1 Institute of Chemistry, Faculty of Chemistry and Geosciences, Vilnius University, Naugarduko 24, LT-03225 Vilnius, 

Lithuania 
2 Institute of Geology and Geography, Nature Research Centre, Akademijos Str. 2, LT-08412, Vilnius, Lithuania 

gabriele.klydziute@chgf.stud.vu.lt 

 

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. 

This study investigates the properties of zinc-substituted and copper-substituted hydroxyapatites. For this purpose, 

α-TCP was synthesized by wet precipitation method and the hydrolysis reaction was 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 phase purity and morphology 

of hydrolysis products was investigated with XRD and SEM, respectively. 

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. 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. 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. 1). The results of this study show that foreign ions could be applied as HAp morphology-controlling additives during 

the hydrothermal synthesis. 

 
Fig. 1. SEM images of samples doped with different amount of Zn2+: 0.5 mol % (a); 1 mol % (b); and with 

1 mol % Cu2+ (c). 
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