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Purpose: Many researchers have been investigating 
implant surface modification for the improvement of 
osseointegration by roughening the Ti surface to promote 
mechanical interlocking and depositing bioactive coating 
to enhance biochemical bonding. The objective of this 
study was to fabricate the nanotube structures on the 
surface of new TiTaNb alloy using anodizing process. 
 
Materials and Methods: 
 Nanotube fabrication: The sample was disk shaped Ti-
10wt.%Ta-10wt.%Nb alloys (TiTaNb) with a diameter of 
15 mm and a thickness of 1 mm. The specimen was used 
as the anode and a platinum net was used as the cathode. 
The distance between anode and cathode was 
approximately 10 mm. The anodization was carried out at 
20 V (DC) for 2 hours, and in an electrolyte containing 
1M H3PO4 and 1.5wt% HF solution (PH of 2~3) at room 
temperature. All samples were then washed in water for 
20 minutes and dried for 24 hours in an oven at 40�.  
 Materials characterization: Structural and 
morphological characterization of the surface was 
performed using field emission scanning electron 
microscopy (FE-SEM ; S-4700, Hitachi , Japan) after 
coating the samples with platinum for 60 seconds. The 
compositions of the porous oxide layer were investigated 
using X-ray photoemission spectroscopy (XPS, MultiLab 
2000 System, ThermoVG Scientific, U.K) with Ar+ 
sputtering at 2 kV. The phase of the porous oxide layer 
was evaluated using X-ray Diffractometer (XRD, 
DMAX/1200, Rigaku, Japan) with Cu Kα radiation at a 
scanning speed of 2° over a 2θ range of 20~90°. The 
surface roughness for each specimen was measured using 
atomic force microscopy (AFM, Nano ScopeⅢ, di Digital 
Instruments, USA). 
 
Results: 
Fig. 1(a) shows the FE-SEM micrographs of relatively 
well-ordered nanotubes which are less than 100 nm in 
diameter. Fig. 1 (b) shows the bottom view of the 
nanotubes mechanically separated from the samples. It 
exhibits a reverse uniform nanotube shape with a length 
of 500 nm.  

 
 
Fig. 1. SEM micrographs showing a) top-view and b) 
bottom view of anodized TiTaNb alloy.  
 

 
 
The unique surface morphology of the TiTaNb alloy is 
attributed to two phases (α + β phase) with their 
different electrochemical solubility. The surface 
roughness (Ra) of TiTaNb alloys before and after 
anodizing was 21.1±3.3 and 66.7 ± 40.6 nm. From the 
XRD pattern of the TiTaNb alloy, it composed of alpha 
phase and beta-phase. TiO2 peaks were not identified due 
to their extremely thin nanosized layer. 
Fig. 2 shows the anodized surface into three zones based 
on the XPS depth profile as follows: (I) titanium oxide 
nanotube zone featured with the presence of fluorine 
element, (�) barrier zone  featured with the presence and 
rapid change of oxygen and titanium element, and (�) 
titanium substrate zone featured with the dominant Ti 
concentration. The sputtering rate in the anodized TiTaNb 
alloy was 1.9 nm/min. The calculated thickness of the 
nanotube layers was 526 nm, and the calculated barrier 
layer on the substrate was 74 nm. From the result of XPS 
spectra, the binding energy of O 1s was 530.6 eV, which 
was similar to that of oxygen in TiO2. The Ti2P3 peak at 
458.7 eV was formed because the titanium was present 
mainly in the oxide state (TiO2 = 458.5 eV), which was in 
accordance with the O 1s spectrum. Some traces of a F 1s 
peak was also detected through the nanotubes. The Ta4f7 
peak at 26.9 eV was corresponded to Ta in Ta2O5, and the 
Nb3d peak at 207.1 eV was corresponded to Nb in Nb2O5.  

 
Fig. 2. XPS depth profiles of TiO2 nanotube formed at 20 
V for 2 hours in 1M H3PO4 + 1.5wt.% HF Ti, TiTaNb 
alloy. 
 
Conclusions: The relatively well-ordered TiO2 nanotubes 
were formed on the surface of newly developed titanium 
alloy in 1M H3PO4+1.5%wt.HF solution at 20 V for 2 
hours. The anodized surface was distinguished into three 
zones based on the XPS depth profile: (1) titanium oxide 
nanotube zone, (2) barrier zone, and (3) titanium substrate 
zone.  
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