
 

 

87 

Volume Special Issue, Issue 1, Page 87-91, 2024 https://doi.org/10.46810/tdfd.1425792 Research Article 

  
 

Investigation of the Effect of Bioactive Glass Coating on the Corrosion Behavior of Pre-

treated Ti6Al4V Alloy 

 

Şükran Merve TÜZEMEN1* , Yusuf Burak BOZKURT1 , Burak ATİK1 , Yakup UZUN1 , Ayhan 

ÇELİK1  
  

1 Atatürk University, Engineering Faculty, Machanical Engineering Department, Erzurum, Türkiye 

Şükran Merve TÜZEMEN ORCID No: 0000-0003-0400-5602 

Yusuf Burak BOZKURT ORCID No: 0000-0003-3859-9322 

Burak ATİK ORCID No: 0000-0003-2117-9284 

Yakup UZUN ORCID No: 0000-0002-5134-7640 

Ayhan ÇELİK ORCID No: 0000-0002-8096-0794 

 

*Corresponding author: sukrantuzemen@atauni.edu.tr  

 
(Received: 25.01.2024, Accepted: 24.04.2024, Online Publication: 01.10.2024) 

 

 

Keywords 

Ti6Al4V,  

45S5 Bioglass,  

Anodizing, 

Corrosion 

Abstract: Titanium alloys, especially Ti6Al4V, are widely used in in-body implants due to their 

superior mechanical properties, corrosion resistance and biocompatibility. However, due to their 

higher modulus of elasticity than bone, they do not bond well with the bone structure, leading to 

loosening. In addition, they contain the elements Al and V, both of which are dangerous when 

released into the body. Therefore, these alloys are subjected to a number of surface treatments to 

improve their surface properties. In this study, Ti6Al4V alloys were produced by selective laser 

melting in dimensions of 10x10x2 mm3 and then surface treated. The alloy surfaces were first 

anodized and then coated with 45S5 bioglass powder. After all surface processes, structural 

analyzes were performed and the effectiveness of the coating was examined. The untreated and 

coated samples were subjected to corrosion tests by cyclic polarization method and their 

corrosion behaviors were investigated. 

 

 

Biyoaktif Cam Kaplamanın Ön İşlem Görmüş Ti6Al4V Alaşımının Korozyon Davranışı 

Üzerindeki Etkisinin Araştırılması 
 

 

Anahtar 

Kelimeler 

Elektrokimyasal 

empedans 

spektoskopisi, 

45S5 Biyocam, 

Oksitleme, 

CoCr Alaşımı 

Öz: Titanyum alaşımları, özellikle Ti6Al4V alaşımı üstün mekanik özellikleri, korozyon direnci 

ve biyouyumlulukları nedeniyle vücut içi implantlarda yaygın olarak kullanılmaktadır. Bununla 

birlikte, bu alaşımlar sahip oldukları kemikten daha yüksek elastisite modülleri ile kemik 

yapısıyla iyi bağlanamazlar ve gevşemeye neden olurlar. Ayrıca, her ikisi de vücuda salındığında 

tehlikeli olan Al ve V elementlerini içerirler. Bu nedenle, bu alaşımlar yüzey özelliklerini 

iyileştirmek için bir dizi yüzey işlemine tabi tutulur. Bu çalışmada, Ti6Al4V alaşımları 10x10x2 

mm3 boyutlarında seçici lazer eritme yöntemiyle üretilmiş ve ardından yüzey işlemine tabi 

tutulmuştur. Alaşım yüzeyleri önce anodize edilmiş ve daha sonra 45S5 biyocam tozu ile 

kaplanmıştır. Tüm yüzey işlemlerinden sonra yapısal analizler yapılarak kaplamanın etkinliği 

incelenmiştir. İşlem görmemiş ve kaplanmış numuneler döngüsel polarizasyon yöntemi ile 

korozyon testlerine tabi tutulmuş ve korozyon davranışları incelenmiştir. 

1. INTRODUCTION 

 

Titanium and its alloys are among the most preferred 

biomaterials in implant and prosthetic applications due to 

their properties such as complete inertness in terms of 

biocompatibility in the body environment, low density, 

high strength, low modulus of elasticity compared to other 

biometals, and high corrosion and wear resistance [1,2]. 

Among Ti and its alloys, Ti6Al4V alloy is widely used in 

dental and hip prosthesis where high strength and 

biocompatibility are required due to many structural and 

biological factors. However, these alloys generally exhibit 

poor bioactivity and the combination of surface and tissue 

in contact with living tissue results in the formation of 

fibrous tissue [3,4]. Furthermore, due to their higher 

modulus of elasticity than bone, they do not adhere well 
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to the bone structure and lead to loosening, and they 

contain the elements Al and V, both of which are 

dangerous when released into the body [5]. Therefore, 

there are still many unresolved problems such as 

structural, chemical and biological incompatibilities that 

may lead to rejection and failure of implants and 

prostheses by the body. A study by Mei et al. reported that 

implants made of titanium alloys often fail due to bacterial 

invasion [6]. To overcome this situation, surface 

treatments such as sandblasting, acid etching, anodization 

or a combination of these can be applied to the surfaces of 

Ti and its alloys [7-9]. Among these surface treatments, 

anodization is an electrochemical oxidation process in 

which nanostructured TiO2 nanotubes are formed on the 

surface [9,10]. The anodization process, like any other 

electrochemical process, can be easily controlled once 

conditions such as solution, voltage or time are optimized 

[11]. The type of solution (electrolyte), which is one of 

the control parameters, allows to impart different 

properties to the TiO2 structure grown as a result of 

anodization [12]. In the industry and literature, the most 

common electrolytes known and preferred for anodizing 

Ti and its alloys are phosphoric acid (H3PO4) and sulfuric 

acid (H2SO4) [13]. However, sulfuric acid has a larger 

dissociation constant in water than phosphoric acid, 

making it easier to oxidize than phosphoric acid to form 

TiO2 coatings [14]. Therefore, since the oxidation power 

of H2SO4 facilitates anodic oxidation more easily, it is 

possible to obtain anodized coatings with a thicker and 

crystalline structure. In addition, sulfate ions (SO4
2-) are 

also known to promote the growth of bone cells [15,16].  

 

Anodization of titanium and its alloys produces TiO2 

nanotubes on their surfaces, which provide an interface 

for the formation of bioactive species that promote 

osseointegration between bone tissue and the implant [17-

19]. However, a study found that macrophage cells, which 

support the antibacterial effect, reduce the adhesion of 

anodized titanium foils to the surface [20]. Therefore, 

bioactive coatings with 45S5 bioglass can be applied on 

TiO2 nanotubes to increase the osseointegration between 

the implant-bone cell tissue without disrupting the natural 

cell formation of the living tissue [21,22]. Bioactive 

glasses form bone-like hydroxyapatite layers between the 

implant and living tissue, allowing the formation of highly 

durable bonds with hard and soft tissues. In addition, 

many studies have reported that SiO2, CaO, Na2O, P2O5 

and their derivatives in the ionic solutions of bioactive 

glasses increase enzyme activity and exhibit antibacterial 

properties [23]. 

 

Bioactive glass coatings can be made by thermochemical 

as flame spraying, chemical as sol-gel or electrochemical 

deposition as electrophoretic deposition methods. 

Electrophoretic deposition (EPD) offers the possibility of 

depositing films of desired thicknesses on a wide variety 

of base materials with complex forms as long as they are 

controlled. The basic working principle of the EPD 

method is known as the movement and deposition of 

electrostatically charged powder particles in water or an 

organic solvent on the surface of the base material under 

opposite voltage by the effect of an electric field [24]. The 

method is remarkable for bioactive coatings due to its 

simplicity, low equipment cost, ability to deposit at room 

temperature, and high purity and microstructural 

homogeneity of the films obtained. In the literature, 

hydroxyapatite coatings on biometals such as 316L 

stainless steel, titanium and its alloys have been generally 

reported. In the general results of these studies, it was 

reported that the HA films obtained by EPD method 

bonded to the surface of the base material with strong 

adhesion. In a few of these studies, it was also reported 

that the HA films obtained increased corrosion resistance 

in simulated body fluid (SBF) compared to untreated 

samples [25]. 

 

Only a few studies have been conducted for coating other 

types of bioactive coatings by EPD technique. In this 

study, 10x10x2 mm3 Ti6Al4V alloys produced by 

selective laser melting (SLM) were coated with 

commercial 45S5 bioactive glass powder by EPD method. 

In the study, the electrochemical behavior of 45S5 

bioglass coating on anodized Ti6Al4V alloy was 

investigated by corrosion tests. In this context, untreated, 

45S5 bioglass coated, 45S5 bioglass coated on anodized 

Ti6Al4V samples were subjected to open circuit potential 

and cyclic polarization in stimulated body fluid (SBF) 

environment for corrosion tests. Before the tests, all 

samples were subjected to structural and morphological 

examinations by XRD and SEM analyses to see the 

effectiveness of the coating. After the tests, the current-

voltage graphs obtained from cyclic polarization were 

interpreted and the study was completed. 

 

2. MATERIAL AND METHOD 

 

2.1. Materials and Surface Treatments 

 

Selective laser melting (SLM) is an additive 

manufacturing method that uses a direct laser beam 

focused through computer-aided design (CAD) data to 

fuse metal powders layer by layer to form a metallic 

structure by melting metal powders and then laying down 

metal powders again and repeating these processes. 

Ti6Al4V samples with dimensions of 10x10x2 mm3 were 

produced with alloy powders according to ASTM B348 

using the CONCEPT LASER MLab Cusing device. The 

fabrication parameters were 75 W laser power, 1000 

mm/s plane and contour scanning speed and 25 μm layer 

thickness. Furthermore, the fabrication was performed 

using simple straightline scans to melt each layer. 

Ti6Al4V alloy generally contains balance % Ti, max. 

6.7% Al, max. 4.5% Fe, trace amounts of O, C, H. After 

production, the substrates were grinded using SiC papers 

with 80, 220, 400, 800, 1200, 2000 mesh grid 

respectively, and after polished by alumina powder (grain 

size of 1 μm), cleaned with ethanol, and dried. 

 

Ti6Al4V alloys were subjected to anodization process 

before EPD process. For the anodization process, the 

samples were electrochemically treated in 1 M H2SO4 

solution by applying 10 V DC voltage for 10 minutes. 

Afterwards, the untreated and anodized samples were 

coated with 45S5 bioglass with EPD. For the EPD 

process, firstly suspension was prepared. The suspension 

was prepared with 99 ml of distilled water, 1 ml of acetic 
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acid, 0.2 ml of phosphate ester and 2 g/L 45S5 Bioglass® 

(containing 45% SiO2, 24.5% CaO, 24.5% Na2O and 

6.0% P2O5 by weight) commercial powder. They were 

stirred with a magnetic stirrer for 3 min before each 

deposition to avoid precipitation of particles. All EPD 

experiments were performed at ambient temperature, 

graphite was used as the counter electrode and the 

electrodes were placed with a distance of approximately 2 

cm between them. The electrodes were washed with 

acetone before processing. Electrophoretic Deposition 

proses for all samples was performed using GW GPR-

30H10D Laboratory DC Power Supply with untreated and 

pre-treated Ti6Al4V samples as the cathode electrode and 

graphite as the anode electrode, applying a constant 

voltage of 20 V for 20 minutes. The phases on the surface 

of the all samples were determined X-Ray Diffraction 

analysis using the XRD-GNR Explorer instrument 

operated at 40 kV and 30 mA Cu Kα (λ = 1.789 Å) source 

diffractometer. 

   

2.2. 2.2. Corrosion Tests 

 

Untreated, untreated-45S5 coated, pretreated and 

pretreated-45S5 coated Ti6Al4V samples were subjected 

to corrosion tests in stimulated body fluid (SBF) for 

electrochemical investigation. The chemical composition 

of the stimulated body fluid is given in Table 1. The 

corrosion tests were completed using Gamry G750 

Potentiostat/Galvanostat system, first with Open Circuit 

Potential (OCP) and then with Cyclic Polarization. The 

test setup was constructed using a triple electrode system 

with untreated and coated samples as working electrode, 

graphite rod as counter electrode and Ag/AgCl as 

reference electrode. During the test, the corrosion surface 

area was set to 1 cm2 and the time required for the Open 

Circuit Potential reading was set to 7200 seconds. Cyclic 

Polarization measurements were performed with a scan 

rate of 1 mV/s beyond 0.5 V beyond the Open Circuit 

Potential values. The polarization curves obtained from 

the electrochemical analysis were examined in detail. 

 

3. RESULTS  

 

The XRD graph of untreated Ti6Al4V, anodization, 45S5 

bioglass and anodization+45S5 bioglass coated samples 

are given in Figure 1. Ti6Al4V alloy consists of α and β 

phases. In the XRD graph given in Figure 1, it is seen that 

a hexagonal hexagonal tightly packed (α phase) 

crystalline phase is dominant in the structure as seen from 

the peaks of the Ti6Al4V alloy sample. During SLM 

production, the α phases in the structure transform into α′ 

martensite phase due to rapid cooling. The β-Ti (volume-

centered cubic) phase in the structure is too small to be 

detected by XRD [26,27]. When the XRD peaks of the 

45S5 Bioglass sample coated on Ti6Al4V alloy with EPD 

were examined, the presence of CaCO3 (calcite), 

Na6Ca3Si6O18 (sodium calcium silicate) and CaSiO3 

(Wollastonite) phases were detected in the structure. 

 

 
Figure 1. XRD graphs of all Ti6Al4V alloys. 

 

The curves obtained after cyclic potentiodynamic 

polarization tests of all sample groups in SBF solution are 

shown in Figure 2. Cyclic polarization tests were carried 

out to determine the corrosion susceptibility of Ti6Al4V 

alloy produced by SLM method and samples subjected to 

different surface treatments. When we look at the cyclic 

polarization curves given in Figure 5, the hysteresis curve 

area formed by the untreated sample is larger than the area 

formed by the coated surfaces. This indicates that the 

untreated sample exhibits lower pitting corrosion 

resistance. It is seen that 45S5 bioglass coated with EPD 

method and 45S5 bioglass coated surfaces after 

anodization exhibit high pitting corrosion resistance. 

 

 
Figure 2. Cyclic polarization curves of all Ti6Al4V samples. 

 

Anodic tafel slope (βa), cathodic tafel slope (βc), current 

density (icorr) and corrosion potential (Ecorr) values for 

all sample groups obtained from the lower arm of cyclic 

potentiodynamic polarization curves are given in Table 1. 

It is seen that the corrosion potentials (Ecorr) of the 

anodized, 45S5 and anodized+45S5 coated samples are 

even more inert when compared to the untreated sample 

(Table 1). The positive change in Ecorr indicates an 

increase in corrosion resistance [28]. The icorr values 

were measured as 213×10-9 A/cm2, 41.70×10-9 A/cm2, 

295×10-9 A/cm2 and 88.70×10-9 A/cm2 for untreated, 

Anodized, 45S5 Coated and Anodized+45S5 coated 

samples, respectively. It is known that corrosion 

resistance increases with decreasing current density [29]. 

Thus, there is a decrease in icorr values compared to the 

untreated sample. According to Icorr values, the highest 

corrosion resistance is seen in the Anodized sample. In 

addition, since the surface ceramic-based coatings are 

applied to the samples, they act as a barrier in the 
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corrosive environment and cause an increase in corrosion 

resistance. 

 
Table 1. The results of corrosion tests of all samples. 

Samples βa 

(V/dec

ade) 

βc 

(V/dec

ade) 

Ecorr 

[mV] 

icorr 

[A/cm2] 

Corrosi

on Rate 

[mm/ye

ar] 

Untreated 1.663 61.90×

10-3 

- 958 213×10-9 71.92× 

10-3 

Anodized 496.60
×10-3 

138× 
10-3 

- 113 41.7×10-9 14.70× 
10-3 

45S5 

Coated 

35.30 

×10-3 

43.10×

10-3 

- 545 295×10-9 99.50× 

10-3 

Anodized
+45S5 

7.60 
×10-3 

7.50× 
10-3 

- 345 88.7×10-9 29.93× 
10-3 

 

The high porosity of the samples produced with SLM 

causes the materials to exhibit low corrosion resistance. 

The surroundings of the pores become suitable areas for 

corrosion to start. Thus, it progresses between other pores 

and accelerates the corrosion phenomenon. For this 

reason, the corrosion resistance of 45S5 bioglass has been 

increased by oxidation and EPD method. 

 

4. DISCUSSION AND CONCLUSION 

 

Anodization, 45S5 Bioglass and anodization + 45S5 

Bioglass coatings were applied to Ti6Al4V alloy 

produced by SLM technique. The corrosion behaviors of 

the untreated and coated surfaces were investigated. The 

results obtained are given below: 

 

✓ According to XRD results, α-Ti and β-Ti phases 

were obtained. In addition, peaks belonging to 

CaCO3 (calcite), Na6Ca3Si6O18 (sodium calcium 

silicate) and CaSiO3 (Wollastonite) phases were 

obtained for 45S5 Bioglass. 

✓ Corrosion tests were carried out in SBF solution 

and cyclic potentiodynamic polarization curves 

were obtained. It was determined that 45S5 

Bioglass coated surface and anodization + 45S5 

Bioglass coated surface exhibited high pitting 

corrosion resistance. 

✓ The highest corrosion resistance was observed in 

the anodization treated sample with a value of -

113 mV for Ecorr and 41.70×10-9 A/cm2 for 

icorr. 
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