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A method has been developed of biomimetic hydroxyapatite (HA) biocompatible functional layer 

synthesis on the surface of the models of titanium articles of biomedical applications. Carboxyl-modified 
titanium surface acts as active nucleation site in biomineralization processes of HA synthesis which 
occurs in simulated body fluids (SBF) of different composition. A comparative study has been conducted 
on the influence of thermal conditions on the formation of HA in SBF of different chemical composition. 
The formation of hydroxyapatite coating on the surface of titanium has been confirmed by FTIR 
spectroscopy and XRD. 
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INTRODUCTION 

Nowadays biomedical research aims for the 
increase in surface biocompatibility of titanium 
orthopedic or dental implants by coating with 
biologically active materials. Titanium stands for 
the metallic material of choice in reconstructive 
medicine due to its excellent mechanical properties 
in bulk, relative to the low mass density, and high 
corrosion resistance [1]. 

A coating of hydroxyapatite (HA) layer can 
be deposited on to the metal alloy to assist the 
osseointegration of these implants with 
surrounding tissues [2]. The main reason of using 
HA coating on metallic substrates is to keep the 
mechanical properties of the metal such as 
load-bearing capability and, at the same time, to 
take advantage of the coating chemical similarity 
and biocompatibility with the bone [2]. 

Various techniques have been developed for 
producing HA coatings on implant surfaces, such 
as plasma spraying, hot isostatic pressing, sol-gel 
and precipitation technique. Unfortunately, HA 
coating of high crystallinity, which is desirable for 
optimum biocompatibility, could not be achieved 
through these methods [3]. 

To simulate the natural properties of HA and 
its formation on titanium layer, at last decade 
biomimetic method is commonly used, which 
consists in the creation of nucleation sites on the 
metal surface by modifying its surface by 

functional groups and further the process of 
mineralization in the simulated body fluids (SBF) 
similar to human plasma.  

Currently a simple and potentially effective 
method was developed for biomimetic synthesis of 
nanostructured materials by self-organization of 
polymers and / or inorganic nanosized particles on 
the  surface  of  the  substrate  [4].  For  instance,  
fabrication and characterization of biomimetic 
collagen–apatite scaffolds with tunable structures 
for bone tissue engineering has been reported [6]. 
Authors [7] investigated the effect of collagen and 
vitamins on biomimetic hydroxyapatite formation. 
Self-organization, multi-functionality, hierarchical 
structural organization and self-assembly – the 
basic principles of biomineral structures 
construction, also used in biomimetics [5].  

In vitro mineralization/crystallization of HA 
from SBF can be induced by the especially treated 
metal implant surfaces. Therefore, great attention 
has  been  paid  to  give  the  metal  substrates  a  
capability to induce HA formation by attaching 
functional groups onto their surfaces [8]. It was 
shown that the process of HA formation occurred 
on negatively charged surfaces that contained, for 
instance, -OH or -COOH groups [9]. 

Crystal formation in the aqueous solution 
depends on many factors including the 
concentration of ions, temperature, degree of 
saturation, and the interfacial energy. The aim of 
this work is comparative studies on influence of 



Ie.V. Pylypchuk, A.L. Petranovska, O.I. Oranska, P.P. Gorbyk 
______________________________________________________________________________________________ 

ISSN 2079-1704. CPTS 2014. V. 5. N 4 416 

temperature and duration of immersing in different 
surrounding media (Tas-SBF and 10x-SBF) on 
biomimetic synthesis of hydroxyapatite. 

EXPERIMENTAL SECTION 

Experimental details. In our investigation, we 
used two types of SBF, with different chemical 
composition: Tas-SBF (titled in the name of the 
author) and 10x-SBF (10x concentrated simulated 
body fluid). Solutions were prepared according to 
[10]. Chemical composition of simulated body 
fluids are shown in Table 1. 
Table 1. Composition of human blood plasma, 

simulated body fluid (SBF) and Tas-SBF 

Concentration, mM 

Ion Human 
body 

plasma 
SBF Tas-SBF 

Na+ 142.0 142.0 142.0 
K+ 5.0 5.0 5.0 
Mg2+ 1.5 1.5 1.5 
Ca2+ 2.5 2.5 2.5 
Cl– 103.0 148.8 125.0 
HCO3– 27.0 4.2 27.0 
HPO4

2– 1.0 1.0 1.0 
SO4

2– 0.5 0.5 0.5 

Procedure for the synthesis of hydroxyapatite 
layer on the titanium surface consists of the 
following stages: 

(1) pre-treatment of titanium samples 
(cleaning, oxidation); 

(2) preparation of the reactive functional 
groups on titanium surface by chemical 
modification; 

(3) preparation of simulated body fluid 
medium, a chemical analogue of human plasma, 
which is responsible for formation of 
hydroxyapatite;  

(4) formation of a layer of hydroxyapatite on 
titanium because of interaction of its functionalized 
surface with the surrounding medium. 

For the studies, we used chemically pure 
titanium strip. Pre-treatment of models of implants 
-  titanium  plates  was  performed  as  follows.  The  
surface of samples was hydroxylated with the 
reaction mixture of H2O2 (30 %) : H2SO4 
(conc.) = 1 : 1 (by volume) with stirring for 
10–15 min at room temperature. After preparing, 
the plates were washed with distilled water. 

Synthesis of the reactive carboxyl groups on 
the titanium surface (sample 3) was performed by 
modifying triethoxysilylpropyl-carbamoyl butanoic 
acid (TESPCBA), obtained by reacting 
-aminopropyltriethoxysilane with glutaric 

anhydride. The reaction yielded TESPCBA: 
 

O
Si NH2O O

O O O

O
SiO O

HN

O

O
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Modification was carried out by keeping the 

titanium plates  in  TESPCBA solution in DMF for  
24 h at room temperature (Fig. 1). Samples were 
washed with ethanol and distilled water.  

 
 

 

Fig. 1. Surface modification of titanium by -COOH functional groups
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It has been shown that the modification of 
titanium surface by -COOH groups forms a layer 
of HA with the morphological characteristics, Ca/P 
ratio, and the degree of crystallinity close to those 
of natural hydroxyapatite [11].  

We studied formation of HA within a few 
days at room temperature and under heating 
conditions (80 °C) in two types of SBF (10x-SBF 
and Tas-SBF).  

Experimental set up. Studying of the surface 
of samples was performed by Fourier transform 
infrared spectroscopy (FTIR) (Perkin Elmer, model 
1720H). 

X-ray diffraction analysis (XRD) was 
performed using a DRON-UM1 diffractometer 
(Burevestnik, St. Petersburg) with CoK  

 = 0.17902 nm) radiation and graphite 
monochromator in reflected beam. XRD patterns 

of the samples were recorded over 2  = 10–80° 
range. 

RESULTS AND DISCUSSION 

Obtaining HA-coating in 10x-SBF. In  case  
of 10x-SBF, HA layer grows during no more than 
24 h. After that period of time HA is clearly 
identifying in IR- and XRD-spectra. FTIR spectra 
for Ti samples immersed for 24 h in 10x-SBF are 
shown in Fig. 2. The absorption bands (AB) at the 
1000–1100 cm–1 indicate the stretching vibrations 
of PO4

3–, AB at 870–880 cm–1 – bending vibrations 
of phosphate groups, and the AB 560 and 602 cm–1 
– bending vibrations of the PO4

3––tetrahedra. 
Presence of small peak at 875 cm–1 is characteristic 
for Ca-deficient apatite (identifies HA with 
deficient of calcium and nonstoichiometric 
structure). 
 

 
Fig. 2.  FTIR spectra for Ti-samples immersed in 10x-SBF during 24 h (a), and for 1 h at 80 °C (b) 
 

Heating of titanium samples in 10x-SBF 
solution leads to precipitation, what indicates the 
acceleration of the process of forming HA. 
Investigations [12] show that the HA crystallization 
can be measured by splitting characteristic peak at 
560/602 cm–1 and 1070/1150 cm–1. Authors assume 
that the sharpness of the bands at 602 and 560 cm–1 
also shows the crystallinity of the HA. Sharpness 
and shape of the absorption bands for Ti samples 
heated in 10x-SBF indicate well crystallinity of the 
HA coating. Confirmation of crystallinity of the 
HA coating we can see from XRD (Fig. 3).  

After heating in the 10x-SBF solution, the 
diffraction peaks ascribed to HA can be observed. 
XRD shows presence of a crystalline HA phase on 
Ti substrates. Diffraction peaks of HA are observed 
at 2  = 13.56, 30.31 and 37.58 degrees.  

 

 
Fig. 3. XRD patterns for Ti-HA samples obtained in 

10x-SBF (80 °C) 

According to the data obtained, it can be 
concluded that formation of HA layer in 10x-SBF 
solution can be accelerated by elevated 
temperature. The effect of heat treating on the 
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possibility to identify HA on Ti surface by 
physicochemical analysis presented in Table 2. 
Table 2. The effect of heat treating on the possibility 

to identify HA on Ti surface 

Heating 1 h, 
80 °C RT, 24 h 10x-SBF 

XRD IR XRD IR 
possibility to 
identify HA + + – + 

Obtaining HA-coating in Tas-SBF. In  case  
of  Tas-SBF,  formation  of  HA  takes  at  least  2  
weeks. Fig. 4 illustrates XRD patterns of Ti-HA 
samples  obtained  after  Ti  immersion  in  Tas-SBF  
for 2 weeks. After 14 days of immersion, weak and 
broadened diffraction peaks can be found ascribed 
to HA. This implies that a very poor crystalline or 
even  amorphous  calcium  phosphate  layer  on  Ti  

substrate  is  formed.  Diffraction  peaks  of  HA  are  
observed at 2  = 12.56, 30.12 and 37 degrees. 

FTIR spectra for Ti samples immersed in 
Tas-SBF are shown in Fig. 5. All absorption bands 
match those for apatite.  
 

 
Fig. 4. XRD patterns for Ti-HA samples obtained in 

Tas-SBF 

 

 
Fig. 5.  FTIR of samples: Ti-HA samples immersed in Tas-SBF during 14 days (a), and after 1 h of heating at 80 °C (b) 

 
Sharpness of the bands at 602 and 560 cm–1, 

that indicate the crystallinity of the HA, is different 
for samples obtained with or without heating. Thus, 
the  most  the  sharp  peaks  appear  for  the  sample  
obtained by the 2-week immersing in Tas-SBF. 
This implies that crystalline layer of HA is formed 
on Ti substrate. On the other hand, heating of 
Tas-SBF solution to 80 °C do not cause layer 
formation, sufficient for determining the HA by 
XRD-method. 

We  can  suggest  that  HA growth  in  Tas-SBF 
solution cannot be accelerated by elevated 
temperature because of low concentration of the 
solution unlike that in 10x-SBF. 

Influence of temperature on the possibility to 
identify  HA  on  Ti  surface  by  XRD  and  FTIR  is  
presented in Table 3. 
Table 3. The effect of temperature conditions on the 

possibility to identify HA on Ti surface 

Heating 1 h, 
80 °C RT, 14 days Tas-SBF 

XRD IR XRD IR 
possibility to 
identify HA – + + + 

The  Table  data  indicate  that  in  case  of  
impossibility to identify HA by XRD analysis, it is 
possible to consider that the crystallite size is not 
more than 2 nm. 



Biomimetic hydroxyapatite formation on titanium surface in simulated body fluids of different chemical composition 
______________________________________________________________________________________________ 

ISSN 2079-1704. CPTS 2014. V. 5. N 4 419 

CONCLUSIONS 

The results obtained lead to the conclusion 
that formation of HA in 10x-SBF solution can be 
accelerated by elevated temperature. Unlike that of 
10x-SBF, heating of Tas-SBF does not cause a 
positive effect on acceleration of the HA formation. 

Fourier transform infrared spectroscopy and 
XRD confirmed the formation of the biomimetic 

hydroxyapatite coating on the surface of titanium 
plates with different quantity of HA as dependent 
on the chemical composition of simulated body 
fluid and on thermal conditions. 

The results presented may be used to optimize 
the preparation of biocompatible coatings on 
titanium and other surfaces.
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