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ABSTRACT  
 
Surface morphology and surface roughness of substrate are important parameters that 
determine the quality of Sol-Gel coating. A variety of biomaterials such as metallic 
biomaterials are being used as implants in human body. In biomedical applications 
bioactive ceramic coatings such as hydroxyapatite (HA) are frequently used to modify 
the surface of the implant material. In the present work, HA coating on Ti-Zr-Nb alloy 
was done through sol-gel technique followed by sintering at temperatures of 500, 600, 
and 700˚C for 10 and 30 minutes. Analysis on the coating was done by surface roughness 
Ra measurement, image analysis, and x-ray. It was found that optimum sintering was at 
temperature and time of 600oC and 10 min. 
 
Keywords: Heat treatment, Sol-Gel, Ti-Zr-Nb alloy, Surface roughness, Surface 
morphology 
 
1.0 INTRODUCTION 
 
 Bone injuries and failures often require the inception of the implants. A variety of 
bone implant materials, such as metals, polymeric materials, compositions and ceramics, 
are being explored for this purpose [1]. In particular, metallic implant materials, e.g. 
SUS316L stainless steel, Co-Cr-Mo-type alloys and titanium (Ti) and Ti alloys (e.g. Ti-
Zr-Nb) are widely used as orthopedic and dental implant materials. Among these, Ti and 
some its alloy are preferred load-bearing implant materials due to their relatively low 
modulus, excellent strength-to-weight ratio, good fracture toughness and superior 
biocompatibility and corrosion resistance [2]. It has been demonstrated that Ti and some 
of its alloy are well accepted by human tissue compared to other metal materials [3]. 
Moreover, biological behavior research has demonstrated that Ti and zirconium (Zr) are 
favorable non-toxic metals with good biocompatibility. It has been reported that Zr is a 
metal with strong glass-forming ability and bulk amorphous Zi-based alloy exhibit high 
mechanical strength, high fracture toughness and good corrosion resistance [4]. 
  Hydroxyapatite [Ca10(PO4)6(OH)2 or HA] is found to be the preferred 
coating due to its chemical, structural and biological similarity to human bones [5] 
and to its direct bonding capability to surrounding tissues [6]. HA coated 
titanium alloy implants integrate the bioactivity of HA and the mechanical 
properties of titanium alloy for a perfect combination. In addition, HA coating 
provides protection to the titanium alloy substrates against corrosion in the biological 
environment, and acts as a barrier against the release of toxic metal ions from the 
substrates into the living body [7]. Coating of HA and can be realized via thermal 
spraying [8], magnetron sputtering [9], pulsed laser deposition [10] and sol–gel dip 
 coating [11]. In comparison, sol–gel method has the advantages of composition  
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homogeneity, low cost, ease in operation and doping of ions thus is used widely, 
which is also the choice of method in this study. 
 Variable surface modification techniques can be used to produce desirable 
properties on surface of the material. Heat treatment is an important stage affecting the 
performance of Sol-gel coating. All activities are employed to reduce the cracks on the 
surface of coated layer. Temperature and time of heat treatment are mainly effect on 
coated surface layer. Smooth surface roughness of coating is important to reduce friction. 
Nevertheless, there are not many studies investigating the effect of these parameters 
especially on Ti-Zr-Nb alloy. In this present work effect of heat treatment parameters on 
Ti-Zr-Nb alloy using three different temperatures and two different times was 
investigated.  
 
 
2.0 MATERIALS AND METHOD 
 
2.1 Materials and Sample Preparation 
 
Sample of a biomedical Ti-Zr-Nb alloy (ASTM F1713-96) in disc shape of 5 mm in 
diameter and 2 mm in thickness were cut from the as received bar. The main elemental 
composition is shown in Table 1. The sample was cut to form a disc and mounted by 
hardener/epoxy. 
 

Table 1: Specification for Cobalt Chromium alloy (wt %) 
 

Type b  Ti Nb  Zr Fe C N H O other 
 
Wrought alloy 
 
F1713-96  70-75 14 13.5  <1.0  <1.0  <0.03 <1.0  -  -   
 
a Balance of composition is Titanium (Ti). 
bASTM specification F1713-96 standard specification for Wrought Titanium-73 
Zirconium-14 Niobium-13.5 Alloy for surgical implants.  

 
 
 
 Aqueous solutions of CaCl2.2H2O and Na3PO4.12H2O were prepared using 
double distilled H2O. NaOH was added to the PO4 precursor to control the PH at 10.5. 
These were mixed and adding the Ca precursor to the PO4 precursor (10CaCl2.2H2O + 
6Na3PO4.12H2O + 2NaOH → Ca10(PO4)6(OH)2 + 20NaCl + 92H2O. The precipitation 
reaction occurred immediately under stirring. The solution was then centrifuged for 5 
mins at 4000 rpm for 4 times to remove the NaCl. 
 Ti-Zr-Nb substrates (diameter 5 mm and thickness 2 mm) were polished with 
SiC sandpapers grit 180, and then ultrasonically cleaned in acetone for 10 min, 
followed by rinsing with distilled water 2 times before dip-coating: the substrates 
were dipped into the sol with speed of 2cm/min; the coated substrates were dried at 
room temperature for one day and then sintered for 10 min and 30 min at 500, 600 and 
700 °C. The coating process was repeated 2 times in order to obtain the required 
coatings thickness of 1.5 µm. 
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2.2 Field Emission Scanning Electron Microscopy (FESEM) Analysis 
 
The FESEM instrument used was a SUPRA 35VP for analyzing the surface morphology 
of substrate after pretreatment. This machine is equipped with energy dispersive X-ray 
dispersion (EDAX) analysis.   
 
 
2.3 Surface Roughness Analysis 
 
The surface roughness substrates were measured using atomic force microscope (AFM). 
The arithmetic surface roughness Ra values were taken as the indicator of the surface 
roughness values. 
 
 
 
3.0 RESULTS AND DISCUSSION  
 
3.1 Surface Morphology Analysis  
 
Surface morphologies of hydroxyapatite coating sintered at two different times and 
three different sintered temperatures are shown in Figure 1. Hydroxyapatite coating on 
Ti-Zr-Nb sintered at 500ºC showed a porous structure (Figures 1(e) and (f)). It is 
observed that by increasing of the sintering temperature from 500 to 600ºC the 
number of porosity decreased and denser structure was obtained (Figures 1(c) and 1(d)). 
But, by increasing of the sintering temperature from 600 to 700 ºC, some cracks were 
produced on the surface of hydroxyapatite. These cracks may lead to a decrease in 
mechanical properties of the coating layer. 

Cracked surface of hydroxyapatite occurred for Ti-Zr-Nb sintered at 700ºC 
(Figures 1(a) and 1(b)). The difference in thermal expansion coefficients between Ti-Zr-
Nb and the HA could be the reason for the crack occurrence. Due to higher 
thermal expansion coefficient of Ti-Zr-Nb compared to HA, the HA coating would 
be subjected to a tensile stress, causing the cracked surface. 

High sintering temperature o f  700ºC results in decomposition of HA structure. 
Also, it is shown that heat treatment at 600oC for 10 min provides a crack free surface and 
dense structure. 

 
 

3.2 Analysis of Surface Morphology 
 
AFM results on surface roughness of hydroxyapatite coating on Ti-Zr-Nb are shown in 
Figure 2 and summarized in Table 2. It is found that by increasing the sintering 
temperature from 500 to 600oC the number of porosity at the surface of the substrates 
decreased. This results in decrease in surface roughness of HA. This phenomenon can 
be observed from Figure 1(b). When the sintering was done at higher temperature 
(700ºC), higher Ra was resulted due to bigger HA grains. Higher surface roughness of 
HA coating on the Ti-Zr-Nb substrate is also due to the formation of thicker oxide 
layer during passivation in nitric acid. Further analysis on the microstructure revealed 
the presence of cracks in the HA sintered at higher temperature (Figure 3).  
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Figure 1:  FESEM image of hydroxyapatite coating after sintering at, a) 500 oC and 
10min, b) 500 oC and 30 min, c) 600 oC and 10 min, d) 600 oC and 30 min, e) 700 oC and 
10 min, f) 700 oC and 30 min 
 
 
 

Surface properties of implants such as surface roughness and its morphology 
strongly influence cell proliferation, cell attachment, and protein adsorption [12]. It 
means that smaller textures or three-dimensional topographic cause exposure of more 
surface area for interaction with biomaterials. In this regard, it can be said that HA 
coating sintered at 600°C and 10 min for Ti alloys shows optimum results in terms of 
surface roughness. 
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Figure 2: AFM results of hydroxyapatite coating on Ti-6Al-4V sintered at, a) 500ºC and 
10 min, b) 500ºC and 30 min, c) 600ºC and 10 min, d) 600ºC and 30 min, e) 700ºC and 
10 min, f) 700ºC and 30 min 
 
 
 
 
 

(a) (b) 

(c) (d) 

(e) (f) 
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Table 2: Surface roughness Ra measured by AFM (nm) 
 

Time 
Heat treatment temperature 

500 oC 600 oC 700 oC 
10 min 43.8 13.09 63.6 
30 min 59.5 28.6 71.1 

 
 

 

 

Figure 3: Cracked surface of hydroxyapatite coating on Ti-Zr-Nb sintered at 700ºC. 

 

 

The EDAX analysis of hydroxyapatite coating on Ti-Zr-Nb sintered at 600ºC and 
10 min evidenced carbon contamination on the surface. It remained on the coating 
surface from precursors or solvents (Figure 4). 

 

 

  Figure 4: EDAX analysis of hydroxyapatite coating over Ti-Zr-Nb sintered at 600ºC 
and 10 min 
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Figure 5 illustrates XRD patterns of hydroxyapatite coating on Ti-Zr-Nb. 
XRD patterns show the presence of TCP (which is biodegradable in vivo) and CaO 
due to ion migration from the metallic substrates into the coating layer. Some 
characteristic peaks of HA and TCP phase are observed to be between 20 to 50° of 2θ. 
The peaks related to the CaO phase are also appeared to be at 30º, between 40-45º 
and 55-60º of 2θ. The strongest peaks of HA are shown to be at 29º and 31º of 2θ. 

The reaction and presence of β-TCP and CaO may explain by the following equation:  

Ca10(PO4)6(OH)2 → 2β-Ca3(PO4)2 + Ca3(PO4)2·CaO + 2H2O 

 

 

Figure 5: XRD graphs of hydroxyapatite coating on Ti-Zr-Nb at different sintered 
temperature and time: a) 500 oC 10min, b) 500 oC 30min, c) 600 oC 10min, d) 600 oC 
30min e) 700 oC 10min and f) 700 oC 30min 

 
 
4.0  CONCLUSIONS  
  
The following conclusions can be drawn from this preliminary study on the effect of heat 
treatment parameters on HA coating on Ti alloy substrate: 
 
a) FESEM observation showed that by increasing of the sintering temperature from 

500ºC to 600ºC the number of porosity decreases and denser structure obtained 
for Ti-Zr-Nb substrates. Sintered hydroxyapatite coating at 700ºC for 10 and 
30 min showed higher surface roughness and occurrence of cracks. 

b) AFM analysis showed that by increasing sintering temperature up to 600oC 
surface roughness of hydroxyapatite coating is decreased and smoother 
surface is obtained. It is believed that the porosity decreases when temperature 
increased from 500 to 600oC. 

c) The optimum sintering was obtained at temperature and time of 600oC and 10 
min. This condition provides a crack free surface on the sol-gel coated 
substrates. 
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