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Some ASpectS concerning titAnium coverAge with hydroxyApAtite

Generally, the metallic implants do not exhibit any bio-integration properties in contact with bone tissues. To improve the 
interfacial properties of metallic implants in contact with bone, the coatings with thin biocompatible films are used. Two methods 
to coating titanium implants with hydroxyapatite are described. The first is a two phase method, where by cathodic polarization is 
deposed a monetite film followed by an alkaline treatment when the monetite is converted to hydroxyapatite. The second method 
is a biomimetic deposition on an alkaline activate titanium surface, using a five time more concentrated simulated body fluid 
(5xSbF). after deposition this samples was drying at 120℃ and was sintered at 700℃ for three hours. Optical microscopy, Fourier 
Transform infrared Spectroscopy (FTir), Scanning electron Microscopy (SeM) and energy-dispersive X-ray (edX) were used to 
characterize structure, morphology and compositions of the deposed films. in this study, electrochemical deposition and biomimetic 
deposition of hydroxyapatite are compared.
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1. introduction

in practice of the metallic implant utilization a modifica-
tion of the implant surface is evermore necessary [1-3]. These 
transformations search the surface improvement to increase their 
biocompatibility and ossteointegration [4,5]. 

Chemical etching of surface improve the physical adher-
ence, the oxidation (in the titanium case) assure a protection to 
externally influence and a best tolerance of human tissue [6]. 
The chemical activation brings the ionic groups on surface and 
favors the cell-implant interaction. however, the best proce-
dure rest in the surface coating with biocompatible materials, 
such as ZrO2, calcium phosphates and mainly hydroxyapatite 
(Ca10(PO4)6(OH)2. 

The coating procedure is nevertheless limited to very 
small implants, without being subjected to high loads, due to 
of their mechanical properties, especially fracture toughness 
and elasticity modulus and due to their poor adhesion to the 
metallic substrates.

Plasma or thermal spraying of hydroxyapatite (ha) has 
been widely used for this purpose and has received commer-

cial success over other alternatives [7,8]. However, plasma 
spraying operates under extremely high temperatures, e.g. 
 6000-10.0001℃, and thus can easily destabilize the crystal 
structure of ha, causing its decomposition into a mixture of 
Ha, CaO, tricalcium phosphate, tetra calcium phosphate and 
considerable amount of amorphous phases. Severe cracking of 
the coating layer is frequently observed, primarily due to rapid 
temperature fluctuations and solidification of the coating. 

More methods for ha coatings of implants include: elec-
trophoretic deposition [9], electrochemical deposition [10,11], 
laser-pulse deposition [12], ion-beam deposition [13], and 
 sol–gel deposition [14]. Other interesting alternatives of obtain-
ing these biocompatible coatings are electrodeposition [15,16], 
electrophoresis [17] and biomimetic deposition [18,19]. These 
processes are developed at room temperature and have many 
advantages over other, more commercial deposition processes, 
such as: uniformity of the deposited layer, availability of various 
substrate shapes other than plates, good control of the deposition 
thickness and quality, low energy consumption and also the fact 
that it is an environmentally friendly process.
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also, in dental and orthophaedic applications titanium 
implants with porous surfaces or with superficial nanotube 
structure were used. Porous surface structure improves osseous-
integration because it provides spaces for anchoring bone cells 
and for vascular and bone tissue ingrowths.

in this study, electrochemical deposition and biomimetic 
deposition of hydroxyapatite are compared. The electrochemi-
cal method was presented in the paper [20], evidencing, by 
X-ray diffraction, that the hydroxyapatite formation take place 
in two steps, via monetite. also, in a review paper [21], Sylwia 
Sobieszczyk describes the electrochemical and biomimetic 
methods for hydroxyapatite coatings onto nanotubular titanium 
oxide layers formed on Ti and Ti alloys. 

For the electrochemical methods both one step and two 
steps are described. in the case of biomimetic method the 
nanotubes structure of metal surface assure a best deposition 
of hydroxyapatite, due to the fact that nanotubes offer a large 
specific surface area.

The electrochemical deposition is a relative fast method 
which is useful in the case of implants with complicated shape 
and surface, while the biomimetic method is rather a natural 
deposition of the hydroxyapatite on an implant introduced in 
human body, there in vitro simulation being helpful for the 
knowledge of the natural deposition processes.

in this study we achieve an additional approach of the 
electrochemical and biomimetic hydroxyapatite deposition in 
the initial steps of the processes.

2. materials and methods

2.1. materials

Pure titanium plates were used as substrate for hydroxya-
patite coating. The titanium plates (12×12×5 mm) were firstly 
cleaned ultrasonically, successively, with acetone, ethanol and 
water for 10 minutes each before being to be used. For better 
electrochemical and biomimetic deposition the surface was 
roughened by acid etching, and activated. The surface etching 
was made immersing the sample into a solution of 48% H2SO4 
+ 18% HCl, at 60℃, for 90 minutes.

2.2. electrochemical coating

For the electrochemical deposition of hydroxyapatite we 
choose the two-step method, through the monetite formation 
in the first step and monetite-hydroxyapatite conversion in the 
second step. For this purpose o potential difference of 2000 mV 
between titanium (cathode) and platinum (anode) was applied 
for 25 minutes. 

The electrolyte medium was a solution rich in Ca2+ and 
PO4

3– ions, hawing the composition: 0.5M Ca(OH)2, 0.5M 
h3PO4 and 1M Ch3CHCO2HOH (lactic acid). The electrochem-
ical reaction was conducted in an electrochemical cell with three 

electrodes, the reference being a saturated calomel electrode. The 
cathodic deposition was carried out with a vOlTalab 21 poten-
tiostat/galvanostat (PGzP 201 type – radiometer Copenhagen), 
in chrono-amperometry regime. The temperature was maintained 
around 75℃. during the deposition process the current density 
have been varied between 0.6 and 0.2 ma/cm2. The variation of 
current density during deposition is presented in Fig. 1.

Fig. 1. Current density variation during electrochemical deposition

The treated sample was washed with deionised water and 
dried at 120℃. in the second step the sample was immersed 
0.1 M NaOH for 67 hours at ambient temperature and after dry-
ing at 55℃ was sintered at 700℃ for three hours.

2.3. Biomimetic deposition

This process is based on heterogeneous nucleation of cal-
cium phosphate from Simulated bode Fluid (SbF) at pH = 7.4 
and a temperature of 37℃. The deposition takes place after an 
immersion of 14-28 days of metal in solution. 

For a good deposition and for reducing the deposition time, 
metallic sample need roughened and activated. The etching was 
performed in mixed acid (34% H2SO4 + 12% HCl), at 65℃ 
for 90 minutes. The activation was made electrochemically in 
habibovic solution (40 g NaCl; 1.39 g CaCl2; 1.52 g MgCl2; 
1.06 g NaHCO3; 0.89 g Na2HPO4×12h20; 40 ml hCl 1M / per 
liter) [22,23]. This solution was buffered and stabilized with 
trietanol amine (1/4) and acidified with hCl to ph = 6.4. in 
activation cell, the sample was polarized to anode for 10 minute 
at a potential of 2 V. 

This electrochemical activation assures to forms the crystal-
lization centers on titanium surface.

The microstructure of etched surface and the time variation 
of current density during the activation process are presented 
in Fig. 2. 

after activation the sample was intensively washed with 
distilled water in an ultrasonic cleaner, and immersed into 
a saturated Ca-P solution for 68 hours at ambient temperature. 
The concentrations of calcium and phosphorus solution were 
5 times concentrated than those in human body fluid. 

The composition of the concentrated Simulated Body Fluid 
(5xSBF) vas: 43 g NaCl; 1.5 g MgCl2×6h2O; 1.4 g CaCl2×2h2O; 
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1.7 g Na2HPO4; and 1.63 g NaHCO3 per liter. after deposition 
this samples was washed with distilled water and dried in air at 
120℃. Finally, the sample was calcined in air for three hours 
at 700℃.

3. results and discussion

3.1. characterization of optical microscopy

The surface features after the electrochemical and bio-
mimetic treatment was firstly examinated with an optical mi-
croscope OlyMPUS PMe-3 adl (Frank bacon Machinery 
Sales Co) and is presented in the Fig. 3.

Taking into account the very short times of depositions, 
25 minutes in the electrochemical method and 68 hours in the 
biomimetic method, these depositions can be considered only 
as primarily processes. The images from Fig. 3 marking out the 
fact that the electrochemical method is faster and assure a good 
deposition, while in the biomimetic method arise only a nuclea-
tion of hydroxyapatite phase.

3.2. characterization of Fourier transform  
infrared Spectra (Ftir)

Since the deposed hydroxyapatite quantity in the two 
methods are very little, especially in biomimetic deposition, 
for Fourier Transform infrared Spectra (FTir) acquisition was 
used a micro-Spectrophotometer TeNSOr 27 coupled with an 
Hyperion 1000 microscope (bruker Optics, Germany), controlled 
with the OPUS software. The registered spectrum after the elec-
trochemical treatment is presented in Fig. 4.

The peaks at 1150, 1052, 960 shoulder, 563 and 598 were 
attributed to the characteristic vibrations of PO4

3– (the 1150, 1052 
and 960 peaks arise from stretching vibrations of P-O bonds, the 
563 and 598 can be due to bending mode in O-P-O(H) groups) 
[24]. This spectrum corresponds to the CaHPO4, and confirms 
that the deposed material in the first step is CaHPO4 – Monetite.

The conversion of monetite to hydroxyapatite, CaHPO4 → 
(Ca10(PO4)6(OH)2), was realized immersing the covered sample 
in 0.1M NaOH for 67 hours at ambient temperature. after intense 
washing and drying to 55℃ for three hours, the micro-FTir 
spectrum was registered. This spectrum is illustrated in Fig. 5.

Fig. 2. Surface micrography of chemical etched titanium (a) and chrono-amperometric curve (b)

Fig. 3. Optical microscopy after hydroxyapatite deposition: electrochemical method (a) biomimetic method (b)
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band’s at 3483 and 3098 are related to free absorbed water in 
hydroxyapatite layer. also, the strong peak at 1653 cm–1 is as-
sociated also with absorbed water. The broad and intense bands 
in the high wave number domain indicate a deficient drying of 
the simple. The main hydroxyapatite absorption bands there are 
recognized in this spectrum but they are a little displaced under 
the influence of the adsorbed water.

The registered spectrum after burning of the converted sam-
ple is illustrated in Fig. 6. in the domain of high wave number 
were remained only a little two bands, associated to symmetric 
stretching O-H bond in structural OH (3571 cm–1) and free h2O 
(3544 cm–1 shoulder). The little peak at 638 cm–1 is attributed 
also to vibrational mode of structural O-H bond.

The bands associated with characteristic vibrations in PO4
3– 

are clearly definite: 960 cm–1 symetric stretching vibrations of 
P-O, strong bands found at 1081 and 1124 cm–1 associated to 
vibration mode of the functional group PO4

3–. The bands at 881, 
14011 and 1460 cm–1 are peaks characteristic for CO3

2– carbon-
ate. The presence of the carbonate ions in hydroxyapatite struc-

Fig. 4. Micro-FTir spectrum of the deposed material after electro-
chemical treatment

Fig. 5. Micro-FTir spectrum for sample after conversion monetite/hydroxyapatite treatment

Fig. 6. Micro-FTir spectrum for electrochemical deposition after monetite/hydroxyapatite conversion and calcination at 700℃ for 3 hours

The band registered at 973 cm–1 is attributed to bending vi-
bration of P-O bond, while the strong bands 1012 and 1100 cm–1 
evidence the P-O stretching vibrations in PO4

3– group [25]. 
The peak 3557 cm–1 is attributed to the stretching vibration of 
HO– group in the hydroxyapatite lattice while the very broad 
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ture is due to the fact that in the during of the calcination process 
atmospheric CO2 reacts with structural or absorbed OH– forming 
carbonate ions [26]. The characteristic bands in this spectrum 
are narrow and wery well definite, indicating a cristalisated 
carbonated hydroxyapatite.

in the case of the biomimetic deposition the micro-FTir 
spectrum vas obtained only for the one deposed nucleus, and 
is presented in Fig. 7 by comparation with hydroxyapatite 
spectrum.

Fig. 7. Micro-FTir spectrum for the biomimetic deposed sample

One can see a very good agreement between the two spectra, 
this denoting that, really, by this method the pure hydroxyapatite 
was formed. The main disadvantage of biomimetic method is 
the very long time for a consistent layer formation.

3.3. characterization of Scanning electron microscopy 
(Sem) and energy-dispersive x-ray (edx)

The structure and superficial composition of the deposed 
material in the three stage of the electrochemical method are 
characterized by Scanning electron Microscopy (VeGa ii 
lSh – Tescan Co., Czechoslovakia) and with energy dispersive 
X-ray analysis, using a micro-detector edX QuaNTaX QX2 
(bruker/roentec Co., Germany). Fig. 8 illustrate to evolution 
of the deposed layer after the coating steps.

From the figures, one can see that the morphology 
of deposed layer changes from a microcristaline monetite, 
to a noncrystalized agglomerations of hydroxyapatite with 
irregular granular shape and, finally, to a sintered material 
with well formed crystals. The edX microanalysis, presented 
succinctly in Fig. 9, confirm the initial assumption and SeM  
evidences.

The atomic ratios between the main components of the de-
posed material, Ca and P, allow identifying the basic compound 
of the layer. Thus, in the layer deposed electrochemically, the 
atomic ratio n(Ca)/n(P) = 0.929, very closed to 1.00, character-
istic for pure monetite (CaHPO4). after alcaline conversion the 
atomic ratio n(Ca)/n(P) = 1.455 correspond to a calcium deficient 
hydroxyapatite (Ca9(HPO4)(PO4)5OH), of that this ratio is 1.50. 
This fact denotes that the conversion monetite/hydroxyapatite 
was only partially realized.

For calcinated sample n(Ca)/n(P) = 1.626, closed to ideal 
value of 1.667 characteristic for pure hydroxyapatite. This little 

Fig. 8. SeM micrographs of the coated material on titanium plate: after electrochemical deposition (a), after monetite/hydroxyapatite conversion 
(b) and after calcination at 700℃ for 3 hours (c)

Fig. 9. Base compositions of the deposed layer during deposition steps
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difference can be attributed to the presence of calcium carbonate 
in the sintered sample.

The sample deposed by biomimetical method was also ana-
lyzed by Scanning electron Microscopy and edX microanalysis. 
The SeM image of the surface and the edX energetical spectra 
are presented in Fig. 10.

in zone a, which cover somewhere about the entire surface 
of the sample, one can see the surface rugosity of the base ma-
terial obtained by etching and activation processes. The edX 
energetical spectrum for this zone relieves only the presence of 
the titanium and titanium oxide. The edX spectrum of a deposed 
hydroxyapatite nucleus, denoted as zone B, attest also that 
this nucleus is a calcium phosphate compound, most probable 
hydrtoxyapatite, beside titanium oxide and traces of absorbed 
ions from solution.

Fig. 11 shows the SeM image of the calcinated sample and 
composition of the deposed hydroxyapatite, evaluated by edX. 

From the figure one can see that the deposed ha nuclei 
were crystallized, but ha nucleus are partial detached from the 
sample surface.

This can be an indication that the adherence of the hy-
droxyapatite deposed biomimetically is rather weak.

The atomic ratio (nCa)/n(P) = 1.608 is just about to 1.667, 
the corresponding value for pure hydroxyapatite. Moreover, in 
the ha nucleus were identified adsorbed ions as Na+ and Cl–.

Our results are in a good agreement with those obtained 
by other authors. Thus, in the published results of Mareci et al., 
[20], the hydroxyapatite deposed on comercial pure titanium by 
electrochemical method was characterized by X-ray diffraction, 
Fourier Transform infrared Spectroscopy and edX microanaly-
sis. as opposed to our study the cited authors do not report the 
deposition conditions. The Xrd spectra confirm the three steps 
deposition of ha, via monetite. Further, by electrochemical 
impedance Spectroscopy measurements in ringer solution, these 

Fig. 10. edX spectra for two zone of the sample treated surface: non covered zone (a); deposed nucleus (B)

Fig. 11. SeM micrograph of the sample treated biomimetically after calcination and edX composition of the deposed hydroxyapatite
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authors evidenced that the coated film appear as a double-layer 
model; a compact protective inner layer (most probable TiO2) 
and a porous external layer (ha). The electrochemical and 
biomimetic depositions were reviewed by Sobieszczyk [21] 
analyzing the deposition of ha on porous titanium and titanium 
alloys. The presence of TiO2 nanotubes enhances bond strenght 
improving the ha adherence to metallic substratum.

4. conclusions

among the metallic biomaterials used as orthopedic im-
plants or dental implants, titanium and titanium alloys best meet 
the required conditions. They have a good biocompatibility due to 
a special resistance to corrosion in the human body, the formation 
of strong bonds between the implant surface and adjacent bone 
tissue and the values of modulus of elasticity that greatly reduce 
the adverse effects of bone remodeling. in the practice of using 
the metal implant, a modification of it is increasingly necessary. 
These transformations seek to improve the surface to increase 
their biocompatibility and osseointegration. Biocompatible thin 
film coatings are used to improve the interfacial properties of 
metal implants in contact with bone.

The coating of hydroxyapatite on titanium support was 
performed by electrochemical method, via monetite, in three 
steps: monetite deposition, alkaline conversion of monetite to 
hydroxyapatite and final calcinations to 700℃. The evolution 
of the covered surface was characterized by FTir, SeM and 
edX analysis, and confirms the initial suppositions and other 
results from literature.

The biomimetic deposition on titanium was realized using 
five times concentrated Simulated Body Fluid (5xSBF), and the 
results were characterized also with the same methods.

in both electrochemical and biomimetic coatings, the short 
times of deposition allowed to analyses the initial stages of the 
coatings. in the biomimetic method the initial stage suppose 
only the nucleation of the hydroxyapatite, and their adherence 
to titanium support is weak.

The biomimetic deposition method is performed in a much 
longer time interval than the electrochemical deposition but the 
final surface after deposition corresponds much better with an 
area suitable for cell growth with osteophytes.
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