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Abstract— In this investigation, fluor-hydroxyapatite (FHA) 
film was deposited on a titanium substrate by sol-gel method. 
Triethyl phosphite, ammonium fluoride and calcium nitrate in 
ethanol solutions were used respectively as P, F and Ca 
precursors. Typical apatite structures were obtained for all 
coatings after dipping and subsequent heat treatment at 550, 
700 and 800 ºC. 

The coating layers were investigated with SEM, XRD and 
FT-IR spectroscopy. The XRD results showed that the coatings 
heat treated at 550 ºC were only composed of HA and FA but 
the rutile (TiO2) phase was also identified in the coatings heat 
treated at higher temperatures. In addition, the formation of 
fluor-hydroxyapatite was confirmed by FT-IR results. Despite 
of the similar granular microstructure of apatite in the samples 
heat treated at 550 and 700 ºC, the crystalline grains of rutile 
were clearly visible in the samples heat treated at 800 ºC. 

 

I. INTRODUCTION 
ATURAL bone of human hard tissue is composed of 
collagen and hydroxyapatite. Hydroxyapatite [HA, 

Ca10(PO4)6(OH)2] bond to bone tissue without creating fiber 
capsule [1]. This material is very biocompatible and has a lot 
of applications in the repairing of bone and tooth. The 
excellent biocompatibility of HA is closely related to its 
chemical and biological similarities with human hard tissues 
[2]. However, the biomaterial based on HA alone is not 
suitable for load bearing applications due to lower 
mechanical strength of HA [3, 4]. For load bearing 
applications, implants of bioinert materials such as titanium, 
stainless steel, and titanium–vanadium alloys are used. 
These materials are generally coated with hydroxyapatite or 
bioglass for improving the biocompatibility and tissue 
growth surrounding them. The detachment of the HA-based 
coatings due to the resorption in biological environment has 
been also reported [5]. 

The solubility of apatite films, which determine their 
longevity, is strongly influenced by both the chemical 
composition and the crystallinity of the apatite [6]. Pure 
fluorapatite (FA, Ca10(PO4)6F2) is known to have a much 
lower solubility than HA, because FA possesses a greater 
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stability than HA, both chemically and structurally [7, 8]. 
One solution for reduction the solubility of HA coatings is 
replacing F- with OH- in HA structure, and forming fluor-
hydroxyapatite [FHA, Ca10(PO4)6(OH,F)2] solid solution [9, 
10]. FHA and FA crystals have been identified in bone 
tissue and dental enamel, respectively [11]. 

In practice, the fluorine ion, itself, has been studied 
widely in dental restoration areas, due to its advantages over 
other ions concerning the prevention of caries in bacteria-
existing environments [8, 12]. Also, F- improves the 
mineralization and crystallization of calcium phosphate 
compounds during the new bone formation [13, 14]. Pure 
FA has a lower ability of the resorption due to their more 
structural compaction compared to HA [15]. We think the 
bioactivity of this material might be adjusted by controlling 
the amount of F- in HA structure. 
There are a lot of methods to prepare the HA and FA 
coatings on metal substrate. Currently, most HA and FA 
coatings are obtained using a plasma-spraying method [16, 
17]. However, there are some problems associated with the 
plasma-spraying process, such as the poor adherence of 
coating to substrate and the presence of uncontrolled 
porosities. The formation of these defects is attributed to 
high temperature used in this process and very rapid cooling 
of coated materials [18]. In comparison, the sol–gel method 
has a lot of advantages in the formation of thin and compact 
films. The thin films prepared via sol-gel process has high 
chemical homogeneity, very fine structure and low 
crystallization temperature of the resultant coating. Recently, 
deposition of  different calcium phosphate compounds on 
metallic substrates via sol-gel process has attracted much 
attention in the field of biomedical applications and 
researches [19-21]. However, there are a few reports on the 
deposition and characterization of sol gel-derived FHA films 
[5, 9, 15]. The aim of this work was to prepare FHA films 
via sol gel method and to characterize its phase and 
morphologicl aspects.  

II. EXPERIMENTAL PROCEDURES  
To deposite [FHA, Ca10(PO4)6(OH,F)2] on metallic 

substrates, the precursors of calcium nitrate 
(Ca(NO3)2.4H2O; Merck), triethyl phosphite (TEP 
[P(C2H5O)3]; Merck) and ammonium fluoride (NH4F; 
Merck) were used. TEP was hydrolyzed in ethanol with a 
small amount of distilled water, and then NH4F was added to 
it and stirred vigorously for 24 h. In a separate container, a 
stoichiometric amount of calcium nitrate was dissolved in 
ethanol with vigorous stirring for 24 h. The Ca-containing 
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solution was added slowly to the P-containing solution, and 
then aged at room temperature for 72 h and at 40 ºC for 24 h 
afterwards [5]. The composition ratios were kept at [Ca]/[P] 
= 1.67, [OH]/[P]=4 and [P]/[F]=6.  

The samples of cp-titanium were cut into sheets with the 
dimensions of 20 mm ×20 mm ×1 mm. The samples were 
washed with distilled water and sequentially polished with 
abrasive papers (400, 600, 800, 1000, 1200, 1500 and 2000 
grit). They were cleaned in acetone and ethanol and finally 
kept in 400 ºC for 10 min to remove organic agents.  

The FHA films were obtained by dipping at a withdrawal 
speed of 3 cm/min. The obtained films were dried in an oven 
at 150 ºC for 10 min, and then heat treated at 550, 700 and 
800 ºC. The deposition was repeated four times to increase 
the thickness of the films. The flowchart of synthesis and 
deposition process is presented in the Fig. 1. 

 

 
Fig. 1. The flowchart of FHA synthesis and deposition on titanium 
substrates. 

 
Phase compositions were estimated with X-ray diffraction 

(XRD- D4, SIEMENS, Bruker Co, Germany) with CuKα 
radiation (wavelength = 1.54056 Å). The structural change 
was observed with Fourier transform infrared (FT-IR, D4, 
SIEMENS, Bruker Co, Germany) analysis using KBr as a 
standard. The samples used in FT-IR studies were taken 
from the coatings. Scanning electron microscopy (SEM, Leo 
440I, England) was used to study the thickness and 
morphology of deposited samples. 

III. RESULTS AND DISCUSSION  
XRD patterns of samples heat treated at different 

temperatures are presented in Fig. 2. The characteristic 
peaks of apatite can be identified in the range of 2θ = 25 - 

35. The intensity of peaks and crystallinity increased with 
the temperature of heat treatment. XRD pattern of the 
sample heat treated in 550 ºC (Fig. 2A) showed the coating 
composed of the FA and HA. In addition, rutile (TiO2) phase 
formed in the samples heat treated at higher temperatures. 
The heat treatment at 800 ºC led to form more amount of 
rutile phase as compared to heat treatment at   700 ºC. 

 

 
 

Fig. 2. XRD patterns of the FHA-coated samples, heat treated at different 
temperature; (A) 550 ºC, (B) 700 ºC, (C) 800 ºC. 

 
The results of FT-IR spectroscopy analyses of FHA-coated 
samples heat treated at 400 - 800 ºC are shown in Fig. 3. 
The apatite structure in all samples can be identified from 
the vibration mode of P-O (1000-1100 cm-1, 560-610 cm-1). 
A wide peak appeared from 3800 to 3000 cm-1 are 
corresponded to OH stretch mode. This wide peak gets 
narrow gradually with increasing the temperature. It can be 
concluded that OH has been replaced with F in the 
hydroxyapatite structure. The presence of a sharp peak in 
3541 cm-1 can be related to non hydrogenic bond of OH 
stretch mode that exist in the surface of crystal. The peak in 
1638 cm-1 related to bonding mode of water decreases with 
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temperature. The bond near 1400 cm-1, might be due to the 
absorption of atmospheric carbonate on the surface of 
apatite structure [13].  

The presence of PO4
3- peaks indicates eventual presence 

of apatite structure. The wide and intense peak between   
980 cm-1 and 1100 cm-1 is related to this bond. The sharp 
peaks corresponding to the PO4

3- stretch and bending modes 
in 603 cm-1 and 569 cm-1 are present. The peak of 964 cm-1 
related to PO4

3- has been appeared with increasing the 
temperature. This peak does not exist for the sample heat 
treated at 400 ºC, due to the absence of any considerable 
apatite structure. The specified small peak in 866 cm-1 is 
related to the HPO4

2- bond. The presence of C-O bonds 
(1400 cm-1 - 1500 cm-1) can be attributed to the carbonate 
groups. In addition, in spite of the report of Suchanek et al. 
[23] concerning the existance of the peak relted to OH 
vibration mode in 630 cm-1, this peak can not be identified 
in our results. 

The FHA has similar structure with the HA. The peak in 
3541 cm-1 would indicate the presence of hydroxyl group. 
The hydroxyl groups appear due to hydrogenic bond with 
fluoride ions. This peak confirms the crystal structure of FA 
in which the F group have been replaced by hydroxyl groups 
[13]. It should be noted that the exact amount of F and OH 
ions can not be determined from the FT-IR results. The bond 
of 821 cm-1 is related to nitrate group in dried gel, which 
gradually disappeared with the increasing of temperature. 
The large peak observed in 3435 cm-1 is related to OH bonds 
of water. The intensity of this peak decreases at the higher 
temperatures. The replacement of different ions in apatite 
structure decreases the symmetry and therefore forms 
absorbing bonds in IR spectrum. In general, the main 
difference between IR spectrum of hydroxyapatite and 
fluorapatite is the bond of 3500 – 3650 m-1observed in our 
results [24]. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3. FT-IR spectrums of the FHA-coated samples, heat treated at 

different temperatures; (A) 400 ºC, (B) 550 ºC, (C) 700 ºC, (D) 800 ºC. 
 
SEM images of the outer surface of samples heat treated 

at 550, 700 and 800 ºC are shown in the fig. 4. The large 
porosities Fig. 4(a, c) can be due to the gases emanating 
from the reaction between the precursors [25]. Despite of the 
similar granular microstructure of apatite in the samples heat 
treated at 550 and 700 ºC Fig. 4(b, d), the heat treatment at 
800 ºC led also to the formation of crystalline grains of rutile 
phase which are clearly visible in the Fig 4f. It is expected 
from the XRD results that the amounts of rutile phase 
increased more than apatite phase with temperature. The 
cross sectional image of the sample heat treated at 550 ºC 
(Fig. 5) shows the intactness of a coating with a thickness of 
about 3 µm. 
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Fig. 4. SEM images of the outer surfaces of FHA-coated samples, heat 
treated at different temperature: (a, b) 550° C;  (c, d) 700 ° C;  (e, f)  800 
°C. 
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Fig. 5. Cross sectional SEM images of the FHA-coated samples, heat 
treated at different temperature; (a) 500° C and (b) 700 °C. 

CONCLUSION 
Based on the results obtained in this work, HA and FA 

formed in all samples heat treated at temperatures 550, 
700 and 800 ºC. Chemical structure characteristics of 
coatings evaluated by FT-IR analysis have been 
discussed. Heat treatment at temperatures 700 and 800 °C 
resulted also in the formation of rutile phase. It was found 
that the amounts of rutile phase increased more than 
apatite phase with temperature. So, crystalline rutile 
grains were clearly observed in the microstructural 
investigation of coatings heat treated at 800 ºC. 
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