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Within this work, the effect of etching parameters on the surface morphology 

of Ti6Al4V alloy was investigated. For this purpose, different temperatures, 

different proportions of HCl-H2SO4 acid mixtures and different etching times 

were used for the etching process. After etching, XRD analyses, SEM images 

and surface roughness values of the samples were presented. It was observed 

that increasing etching temperature facilitated the formation of pore structure 

on the surface, but after a certain temperature, the increasing temperature 

started to show negative effects. When all the microstructure images are 

considered, it is understood that acid concentration and etching time are 

effective parameters besides temperature difference. 
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1. Introduction

Due to their superior compatibility with the body, titanium and its alloys are often used in implant 

materials. The most important factor determining the performance of Ti6Al4V implant material in the 

body is the surface properties. Among surface treatment methods, modifications of surface topography 

alterations are made to increase the response of cells to the implant. 

Osseointegration is defined as the connection between the implant and bone at the microscopic 

level without a soft tissue component [1]. The speed and quality of osseointegration in titanium implants 

are also related to their surface properties [2]. Various studies have been conducted to improve 

osseointegration of the implants with different surface modifications. The main objective of implant 

manufacturers is to improve the surface properties of implants for protein adsorption, cell differentiation, 

adhesion and osseointegration [3]. Surface properties are based on the roughness [4-6], wettability [7] 

and chemical composition [8] of the implant surface. Implant surface modifications have been applied 

to titanium surfaces to increase biomechanical bonding between the implant and bone, to increase 

adhesion between the implant bone by enlarging the contact surface, and to increase osteoblast activity 

with faster formation of bone at the interface [9-12]. 

Recently, interest in chemically treated surfaces has increased in accelerating osseointegration 

[13]. Acidic etching is of potential importance for osseointegration and is known to increase peri-implant 

bone healing, particularly in the early stages. Also, there is no risk of contamination of the external 

implant surface in this technique. Acidic treatment also provides surface cleaning. The acidic etching 

has been shown to have a higher percentage of implant-bone contact, provide strong implant attachment, 
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and have a positive biological response in terms of bone apposition [14]. At the same time, acid selection 

plays an important role in the preparation of a rough titanium implant at process time. The surface 

prepared with hydrochloric acid is weaker than the surface prepared with sulfuric acid. Sulfuric acid 

(H2SO4) followed by hydrochloric acid (HCl) has been shown to give better results and show a similar 

texture to porous coatings, they are unlikely to surface dissolve, peel off and thus will not interact with 

a third wear particle in long-term fixation [15]. 

The aim of this study is to change the surface topography of the samples, polishing and chemical 

acidic etching were applied to the samples. As a result of these processes, it is aimed to obtain porous 

surfaces in accordance with the literature and phase structures, microstructures and roughness of these 

surfaces have been investigated. 

2. Experimental Details

2.1. Etching of the samples 

The samples with 16 mm diameter and 5 mm thickness were cut from a cylindrical Ti6Al4V ELI 

(Grade 23) bar, and then mechanically grinded with 80 grit to 2000 grit SiC emery paper. After grinding 

process, the samples were cleaned ultrasonically in acetone, ethanol and deionized (DI) water for each 

10 min and finally washed by distilled water. The mixture of HCl and H2SO4 mixed in equal proportions 

and different ratios were used in etching of the samples. Etching was carried out at room temperature 

(25° C), 50, 60, 70 and 80° C in order to observe the effect of temperature in etching process. Etching 

time was selected as 5 and 10 min. The experimental stages of the samples and the etching parameters 

of the prepared samples were given in Figure 1 and Table 1, respectively.  

Figure 1. Experimental stages of the samples 

Table 1. Etching parameters of them Ti6Al4V samples 

Etching 

parameters 

Group 1 Group 2 Group 3 

25 ⁰C 50 ⁰C 60 ⁰C 70 ⁰C 80 ⁰C 1:1 1:2 2:1 5 min 10 min 

Temperature (⁰C) 25 50 60 70 80 70 70 70 70 70 

Time (min) 10 10 10 10 10 10 10 10 5 10 

Acid rate 

(HCl:H2SO4) 
1:1 1:1 1:1 1:1 1:1 1:1 1:2 2:1 1:1 1:1 

2.2. Characterization 

XRD analysis for all samples were performed by Thermo Scientific ARL K-alpha model X-ray 

diffractometer. During the analysis, Cu-Kα radiation (1,5405 Å) was used in the instrument, voltage and 

current values were set to 45 kV and 44 mA respectively and experiments were performed with a 
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scanning rate of 2 o/min. All XRD analyses were performed in the range of 5o <2θ <90o, and the range 

of 30o <2θ <80o, which is the range of all characteristic peaks of the Ti6Al4V alloy, was plotted. 

The microstructures of the surfaces were examined by using COXEM E30+ instrument at an 

accelerating voltage of 10–20 kV. Surface roughness tests were performed with Mitutoyo SJ-310 surface 

profilometer. The tests were performed using 4 mm scanning distance and 0.5 mm/s speed. The average 

roughness (Ra) and the peak-to-valley roughness (Rz) values were taken from these tests. For each 

sample, five measurements were taken to calculate average results. 

3. Results and Discussions

3.1. Phase Analysis 

XRD analysis are given in Figure 2 in order to examine the samples etched at different 

temperatures, different acid concentrations and different periods. When all phase structures were 

examined, etching temperature, acid concentration and etching time did not cause any change in phase 

structure. There are two phases in the Ti6Al4V alloy structure, αTi (HCP) and βTi (BCC). The phases 

present in the structure are αTi (JCPDS # 44-1294) and βTi (JCPDS # 44 1288). The peaks on the graphs 

indicate which phases they belong to and which planes they correspond to in accordance with literature 

[16]. 
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Figure 2. XRD patterns of the Ti6Al4V samples a) different temperatures 

b) different concentrations c) different times
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3.2. Surface morphology 

Looking at the all SEM images in Figure 3, the morphologies of the samples etched at different 

temperatures are different from each other. This difference is caused by the different etch rate of the 

alpha and beta phases in the titanium alloy [17]. SEM images of samples etched between 25-60 oC, the 

white regions indicate the presence of un-etched beta phase on the surface. So, it was found that the 

porous structure was not formed in terms of surface morphology in etching operations carried out at 25, 

50 and 60 oC. 

25°C 
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80°C 

Figure 3. SEM images of the Ti6Al4V samples etched at different temperatures 
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As the temperature increased, porous microstructures started to form on the alpha phase. Etching 

in the temperature range of 60 to 80 °C is enough to evenly etch both phases without changing the porous 

structure [18]. Beta phase crystals were transferred to porous geometry in samples etched at 70 and 80 
oC. Thus, the alpha and beta phases on the surface are uniformly distributed. At 80 oC, pore sizes were 

further increased compared to samples etched at 70 oC. Therefore, it is understood from the 

microstructure images in Figure 3 that the temperature is a very important parameter for obtaining the 

porous structure. And then, it is clearly seen that porous structures start to form on the surface with 

increasing temperature [19]. 

The microstructures of the samples etched with different concentration are shown in Figure 4. As 

shown in Figure 4, it was observed that more uniform and homogeneous pore structures were formed in 

samples where 1: 1 (HCl: H2SO4) and 1: 2 acid concentrations were applied. The porous structure was 

almost never formed in the sample etched at a 2: 1 acid concentration. It can be concluded that H2SO4 

used in etching process is more effective on beta phases than HCl acid [20]. 

1:1 

1:2 

2:1 

Figure 4. SEM images of the Ti6Al4V samples etched with different acid concentrations 

(HCl:H2SO4) 

Figure 5 shows that the etching time of 5 minutes is not sufficient for pore formation on the 

surface. While the lamination and layered microstructure were obtained in the samples which were 

etched for 5 minutes, regular pore structures started to be formed by increasing the etching to 10 minutes. 

When all the microstructure images are considered, it is understood that acid concentration and etching 

time are effective parameters besides temperature difference [21]. 
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5min 

10 

min 

Figure 5. SEM images of the Ti6Al4V samples etched with different times 

3.3. Surface Roughness 

Table 2 shows the arithmetic average of the absolute values of all points of the profile (Ra) and 

the arithmetic average of the maximum peak to valley height of the roughness values of five successive 

sampling sections over the filtered profile (Rz). 

Table 2. Surface roughness values of the Ti6Al4V samples 

Groups 

Etching Parameters 
Ra 

(µm) 

Rz 

(µm) 
Temperature 

(°C) 

Concentration 

(HCl:H2SO4) 

Time 

(min) 

1 

25 1:1 10 0.22±0.0204 1.45±0.088 

50 1:1 10 0.27±0.0147 1.79±0.156 

60 1:1 10 0.26±0.0102 1.83±0.087 

70 1:1 10 0.31±0.0206 2.04±0.114 

80 1:1 10 0.33±0.0233 2.27±0.143 

2 

70 1:1 10 0.31±0.0206 2.04±0.114 

70 1:2 10 0.29±0.0117 2.00±0.167 

70 2:1 10 0.23±0.0279 1.58±0.148 

3 
70 1:1 5 0.26±0.0080 1.56±0.034 

70 1:1 10 0.31±0.0206 2.04±0.114 

Looking at the measurement results, it has been seen that the surface roughness tends to increase 

with increasing temperature. In the second group of samples, in which the acid concentration parameter 

was discussed, the maximum surface roughness was observed to be obtained in samples that were etched 

at one-to-one concentration. Also, the prolonged etching time caused an increase in roughness [22]. As 

a result, it was found that the micron scale hilly rough structure formed by etching significantly 

improved the roughness of the Ti6Al4V surface. 
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4. Conclusions

In this study, the effect of etching parameters such as temperature, acid concentration and time 

on the surface of the Ti6Al4V alloy was investigated. The following conclusions can be summerized: 

• Low temperatures were not effective in forming the pore structure on the Ti6Al4V samples

surfaces. The etching temperature were 70° and 80°, where the alpha-beta phase balance was 

established, and the phases were distributed on the surface uniformly. 

• H2SO4 used in etching process was more effective than HCl acid on beta phases for obtaining

porous structure on the surface. 

• When the SEM images of samples that were etched with an equal concentration of acid were

examined together with the surface roughness, it can be said that the roughest structure was formed in 

these samples. 
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