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Abstract – In this study, NaH2PO4 film was obtained by sol-gel method on Ti45Nb material, which is 

frequently used in the biomedical field. The aim of this study is to compare the surface wettability and 

corrosion resistance of the samples untreated Ti45Nb and coated with NaH2PO4. XRD and SEM were used 

for the structural characterization of the samples. Surface wettability was determined using a surface tension 

meter. Electrochemical measurements in simulated body fluid (SBF) solution were performed. Corrosion 

tests were carried out with the GAMRY Series G750TM Potentiostat/Galvanostat/ZRA device using 

Potentiodynamic Polarization and the OCP (Open Circuit Potential) Technique (Gamry Instruments, 

Warminster, USA). According to the results obtained, higher corrosion resistance and better surface 

wettability were obtained in the NaH2PO4 coated sample.   
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I. INTRODUCTION 

The number of biomedical applications is growing 

as a result of scientific research and technological 

advancements [1]. Biomedical applications need 

continuous renewal according to the emerging need 

[2]. This renewal generally includes studies that aim 

to eliminate or minimize the disadvantages in 

biomedical applications. It has been observed that in 

most studies where the disadvantages of biomedical 

applications are tried to be eliminated, the 

mechanical, chemical, electrochemical, or 

tribological properties of the biocompatible 

materials used are tried to be improved [3–6]. 

Titanium and its alloys, which are preferred for 

use in most biomedical applications, are among the 

most studied materials [7]. Because titanium and its 

alloys are preferred due to their low specific gravity, 

high strength, and self-healing biocompatible oxide 

layer [8]. Among them, Ti45Nb is often preferred 

for use in biomedical applications. 

However, in some cases, the surface wettability 

and corrosion resistance of the Ti45Nb alloy may be 

insufficient [9]. It is desired that the Ti45Nb alloy, 

which is preferred to be used especially in 

biomedical applications integrated into the body, 

has a long service life, and it is also important to 

complete the adaptation period more quickly after 

the integration process with the body [10]. 

Therefore, it will be of great advantage that the 

studies to be carried out on Ti45Nb alloys will 

provide both increasing corrosion resistance and 

improving surface wettability. 

This study, it was aimed to improve both corrosion 

and surface wettability properties by coating 

NaH2PO4 on Ti45Nb alloy with the sol-gel method. 

XRD and SEM were used for the structural 

characterization of the samples. Surface wettability 

was determined using a surface tension meter. In 

addition, Corrosion tests were carried out with the 

GAMRY Series G750TM 

Potentiostat/Galvanostat/ZRA device using 

Potentiodynamic Polarization and the OCP (Open 

Circuit Potential) Technique (Gamry Instruments, 

Warminster, USA). 
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II. MATERIALS AND METHOD 

Ti45Nb samples were polished with 80-1200 

mesh SIC abrasives and then all samples were dried 

after cleaning with alcohol. Prior to the sol-gel 

process, the following procedures were carried out 

in the following order: acetone degreasing; alkaline 

etching in a solution containing 5 g/L Na2S and 60 

g/L NaOH at 60°C for 2- 3 minutes; dipping in 30%-

50% (volume fraction) HNO3 at room temperature 

for 1 minute; and finally thorough rinse in deionized 

water. NaH2PO4 was added to pure water at a 

concentration of 5 mM, and the peptide amphiphile 

was placed in each solvent to create a solution with 

an 80 M PA concentration at 25 °C. Without 

stirring, the peptide amphiphile was dissolved 

instantly in the prepared solvent. As a result, the 

solution needed for the NaH2PO4 thin film coating 

obtained from the dip-coating is prepared [11]. 

The GNR-Explorer model X-ray diffractometer 

was used for the XRD analyses (XRD). XRD 

characterization was performed using a Cu-K 

cathode with a wavelength of = 1.54059 A °, and the 

chemical compositions of the phases formed were 

determined by comparing the results to the 

International Centre for Diffraction Data (ICDD) 

standard cards. The FEI QUANTA 250 scanning 

electron microscope was used to create surface 

images of the base material and surface treatment 

samples. All specimens' contact angles were 

measured using (Attension Theta Lite C204A). 

Electrochemical measurements in simulated body 

fluid (SBF) solution and SBF content were 

performed. Corrosion tests were carried out with the 

GAMRY Series G750TM 

Potentiostat/Galvanostat/ZRA device using 

Potentiodynamic Polarization and the OCP (Open 

Circuit Potential) Technique (Gamry Instruments, 

Warminster, USA). Polarization readings The 

Ag/AgCl reference electrode (RE) was created in a 

corrosion cell using three-electrode techniques, with 

the graphite rod serving as the counter electrode 

(CE).  

III. RESULTS 

Fig. 1 shows the XRD graphs of untreated and 

NaH2PO4 coated samples. When the XRD graphs 

are examined, it is seen that the Ti45Nb sample 

consists of a β-ti structure. When the XRD graph of 

the film obtained after the sol-gel surface treatment 

is examined, it is seen that the NaH2PO4 structure is 

formed on the surface of Ti45Nb [12]. 

 

 Fig. 1 XRD graphs untreated Ti45Nb and NaH2PO4 coated 

sample. 

Top view SEM images of untreated Ti45Nb and 

NaH2PO4 coated samples and cross-section SEM 

image of NaH2PO4 coated sample are given in Fig. 

2. In the untreated sample, only the traces left after 

the partitioning process are observed. In the 

NaH2PO4 coated sample, it is observed that the 

morphological structure of the surface changes after 

the sol-gel process. When the cross-sectional image 

of the NaH2PO4 film is examined, it can be said that 

the film has a homogeneous structure. 

 
Fig. 2 SEM images of untreated Ti45Nb and NaH2PO4 

coated sample. 
   

The contact angle images of untreated Ti45Nb and 

coated samples are given in Fig. 3. As shown in Fig. 

3, Ti45Nb surface wettability increased after the sol-

gel process.  The contact angle of the untreated 

sample was approximately 53 °, while the contact 

angle of the NaH2PO4 coated sample was measured 

to be approximately 20°. According to the results 

obtained, it can be said that the surface wettability 

improves after the applied surface treatment [13]. 
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Fig. 3 The contact angle of untreated Ti45Nb and NaH2PO4 

coated sample. 

   

Open circuit potentials and potentiodynamic 

polarization curves graphs of untreated Ti45Nb and 

coated samples are given in Fig.4 and Fig.5 

respectively. When the graphs are examined, it is 

seen that the corrosion resistance increases thanks to 

the film obtained on Ti45Nb. The resulting film 

prevented the SBF liquid from contacting Ti45Nb, 

which led to an increase in corrosion resistance. 

When the studies conducted on titanium and its 

alloys in the literature were examined [14], it was 

emphasized that the films obtained showed a barrier 

effect and thus provided an increase in corrosion 

resistance. 

 

 
Fig. 4 Open circuit potentials of untreated Ti45Nb and 

NaH2PO4 coated sample. 

 

 
Fig. 5 Potentiodynamic polarization curves of untreated 

Ti45Nb and NaH2PO4 coated sample. 

IV. DISCUSSION 

In this study, NaH2PO4 was coated on Ti45Nb 

alloy by the sol-gel method and the surface 

wettability and corrosion resistance were examined 

after examining the structural analysis. According to 

the results obtained, when the XRD graphics were 

examined, NaH2PO4 coating was successfully 

obtained on the Ti45Nb surface after the sol-gel 

procedure. When the SEM images are examined, it 

is seen that the surface morphology changes after 

the applied surface treatment, and the structural 

formations of NaH2PO4 can be seen. It has been seen 

that these structures increase surface wettability in 

contact angle analyses. Electrochemical 

experiments showed that the resulting film reduces 

the contact between SBF liquid and Ti45Nb surface, 

resulting in an improvement in corrosion resistance. 

V. CONCLUSION 

As a result, the film obtained by the sol-gel 

method on the Ti45Nb surface changed the surface 

morphology. Changing surface morphology both 

increased surface wettability and improved 

corrosion resistance. 
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