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Titanium alloys are among the biocompatible materials that are used for biomedical implants. From the 
point of view of the reactivity of the human body, it is important to know the state of the surface of these 
materials, which in technical practice is represented by the term surface integrity, which includes a com-
plex of evaluated properties. One of the classic approaches is the evaluation of the surface roughness and 
the properties of the stable oxide layer, which influence the formation of the connection of the implant 
with human tissues and influence its acceptance. Another frequent approach is the use of optical metal-
lography, especially for the assessment of material thickness, distribution and character of corrosion at-
tack. Less common is the use of electron microscopy in the evaluation of the surface, which in this case 
is affected by the action of corrosion. Samples of both pure titanium and Ti6Al4V alloy were divided into 
sets according to surface roughness and subsequently exposed to corrosion for different periods of time. 
The presented article is devoted to basic analyzes of the effect of roughness on corrosion behavior using 
not only classical optical but also electron microscopy. 
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 Introduction 

Titanium as an element was discovered in 1791 by 
the English chemist William Gregor as part of the 
mineral ilmenite. After the Second World War, tita-
nium-based alloys began to gain traction in industry, 
especially for the production of aircraft engine parts. 
Today, the use of titanium and its alloys is extended 
to most branches of industry [1,6,8,16]. Compared to 
other metals, titanium has certain unique properties: 
high corrosion resistance, significant mechanical 
properties and thermal load capacity, the highest ra-
tio between strength and density of all metal materi-
als, high tensile strength, high biocompatibility [7-8]. 

 

Fig. 1 Sample cuttings off from the titanium rod 

Titanium alloys offer attractive properties such as 
high strength to weight ratio, high fracture resistance, 
good formability and biocompatibility. Thanks to 
these advantages, titanium alloys have found various 
technological applications in the marine, automotive, 
aeronautical and space industries. Titanium and its al-
loy have a high resistance to corrosion due to a com-
pact and chemically stable oxide film that spontane-
ously forms on the surface of the metal. However, un-
der certain harsh conditions, the anti-corrosion behav-
iour is also expected to improve [9-12]. Titanium and 
its alloys are, of course, the most used material in med-
icine, when using implants in the human body. In ad-
dition to all the mentioned advantages, another reason 
for using titanium and its alloys is that unlike nickel, 
which is a mandatory component of stainless steels, 
titanium does not cause allergic reactions in the hu-
man body [13 - 17]. 

Recently, however, there have been cases where 
corrosion has started to appear at the implants. Ti-
6Al-4V alloy is a commonly used biomaterial in the 
biomedical implant industry, especially as a ball joint 
and oral implant (hip stems, screws and nuts), but it 
can suffer from friction and/or galvanic corrosion 
leading to material failure [18-22]. There is also grow-
ing concern about surface degradation of bio-implants 
in various corrosive environments. Dissolution of im-
plant materials can cause an inflammatory reaction 
with   internal   organs   and   can   be   fatal   [23-24]. 
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The authors Bodunrin and Gudić in their works [25, 
26] investigated whether the environment of salt fog 
or physiological solution has any effect on the corro-
sion of titanium. During the experiment, the temper-
atures in these environments were set to temperatures 
similar to the human body. The roughness of the tita-
nium surface is also important in the human body. 
And this is mainly due to the fact that titanium belongs 
to the group of bioinert materials [27-28]. This means 
that it is fully acceptable for biological tissue, and it is 
possible to use different roughness’s for titanium and 
its alloys, since the attachment of cells and tissues to 
the surface of the implant changes with different 
roughness’s [29]. However, both pure titanium and 
the Ti-6Al-4V alloy have certain disadvantages, such 
as low shear strength and low wear resistance when 
used in orthopedic surgery. The discrepancy in 
Young's modulus between the titanium implant (100–
120 GPa) and the bone (10–30 GPa) is also a problem, 
which is unfavourable for bone healing and remodel-
ling [30-31].  

On the other hand, its biocompatibility, low tox-
icity, high mechanical strength and low density make 
titanium an excellent material for the production of 
orthodontic, prosthetic and cardiovascular implants. 
Each such implant must last a lifetime in the human 
body, without the possibility of inspection and mainte-
nance,   and   therefore   their   corrosion    resistance 

is a priority. The most common solution used to study 
the electrochemical behaviour of a metal is to simulate 
a body fluid at pH 7.4. In specific cases, such as in-
flammation or orthodontic implants in the presence of 
toothpaste, the composition and pH may vary [32-33]. 
The roughness of titanium and its alloys is of great im-
portance especially in the medical sector, especially 
when using titanium implants. With the help of re-
search, it was found that thanks to the greater rough-
ness of the titanium alloy, the creation and formation 
of new tissues is accelerated and improved. Also, due 
to the rougher surface, better attachment of cells, their 
faster growth and maturation was found. 

 Material and experiment 

For the experiment, 2 types of materials were used. 
One was commercially pure titanium and the other is 
Ti-6Al-4V alloy. Titanium, in the form of pure 
titanium and the Ti-6Al-4V alloy, is used in medicine 
as an implant for bone tissue in orthopedics, 
neurosurgery, dentistry or in facial and plastic surgery. 
Currently, titanium is preferred especially for its 
physico-chemical properties, mechanical strength and 
good corrosion resistance. Titanium is increasingly 
used in devices that work in contact with seawater for 
a long time. The chemical composition of both alloys 
is shown in tab. 1 and 2.

Tab. 1 Chemical composition of commercially pure titanium according to EN 10 204 3.1 
Commercially pure titanium 

O N C H Fe Al V Ni Ti 
0.25 0.03 0.08 0.015 0.3 - - - 99.25 

Tab. 2 Chemical composition of Ti-6Al-4V alloy according to EN 10 204 3.1 
Titanium alloy with 6Al-4V elements 

O N C H Fe Al V Ni Ti 
0.2 0.05 0.08 0.015 0.4 5.8 3.7 - 90.12 

 
Both types of delivered material were prepared and 

delivered in the form of rods. The material was 
machined to the required roughness (Ra 3.2, Ra 1.7 
and Ra 0.3) complete with equipment and conditions 
under which it was machined and subsequently cut 
into rolls of the same size: length – 30 mm and 
diameter – 10 mm (fig. .2). 

 

Fig. 2 Prepared rolls 

The next step of the experiment was the corrosion 
load  of  all   samples   carried   out   in   a   corrosion 

diagnostic device (corrosion chamber) LIEBISCH®. 
The working conditions of the salt chamber are gov-
erned by the ČSN EN ISO 9227 standard [30]. Spe-
cifically, it was a corrosion load for 168, 240, 480 and 
720 hours. Then the samples were taken out of the salt 
chamber and cleaned of corrosion products. The sam-
ples were subsequently metallographically prepared: 
grinding, polishing, etching. 

For the analysis of the microstructure of the 
layer and the base material, 24 samples were metal-
lographically prepared - by wet grinding using sand-
paper with a grain size of 120 to 2000 µm. Subse-
quently, polishing was carried out using the follow-
ing emulsions from Struers: Al2O3 5 µm, diamond 
emulsion DIA 1 µm and Al2O3 0.3 µm. Grinding 
and polishing was performed on a SAPHIR 360 ma-
chine with a wheel speed of 300 and then 150 rpm-
1. After subsequent etching  of  the  mixtures  with 
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a Kroll etchant, the material structures were observed 
using light microscopy on a LEXT OLS 5000 Olym-
pus confocal laser microscope. 

 Microscopic evaluation without corrosion 
load 

In the first stage, microscopic analysis of the alloy 
and commercially pure titanium samples was 
performed using an Olympus Lext 5000 laser 
microscope. Figure 3 characterizes the pure titanium 
samples without corrosion stress (denoted as C0), for 
which the α structure is typical. In this type of material, 
the main alloying element is aluminum Al, which 
stabilizes the α phase. Other elements and stabilizers 
(O, C, N) negatively affect the resulting mechanical 
properties and are therefore considered undesirable. 

 

Fig. 3 Microstructure of commercially pure titanium, sm. 
CO, mag. 200x   

 
Fig. 4 Microstructure of Ti-6Al-4V alloy, sm. S0, mag. 

200x 

In contrast, the titanium alloy Ti-6Al-4V consists 
of α and β phases, see Fig. 4. These alloys belong to 
the category of so-called two-phase alloys. The 
structure is formed by phase β grains (dark grains). 
These phases are regularly and uniformly arranged 
around the α phase (light grains). The individual grains 
are distributed without the slightest clusters of one or 
the other phase. β-phase grains are smaller and 
irregular in shape compared to α-phase grains α-phase 
grains are larger and more regular in shape. As 
expected, the microstructure image of sample S0 
showed a duplex microstructure containing α and β 
phases. These alloys contain a larger amount of 
aluminum (6 - 9 wt.% according to the wt.% of 
vanadium), which serves as a stabilizer of the α phase, 
and then a lower amount of alloying elements that 
serve as stabilizers of the β phase. The most important 
element for stabilizing the β phase is vanadium. Other 
alloys used in these alloys include Cr, Cu, Zr, which 
have the task of improving mechanical properties. In 
the case of some elements (especially heavy metals), 
there are concerns about their negative effects on the 
human organism, especially during long-term 
interaction with body fluids, especially in the case of 
joint replacements [34-37]. 

 Microscopic evaluation of samples after 
corrosion loading 

Evaluation of the TiO2 corrosion layer in samples 
of commercially pure titanium and titanium alloy Ti-
6Al-4V was carried out using a VEGA Tescan 3 
electron microscope. Figures 5–8 document 
experimental samples of pure titanium that have been 
in a salt chamber for 168 hours. The experimental 
samples were divided according to the machining 
method. For samples unmachined and machined to a 
roughness parameter Ra of 0.3, 1.7 and 3.2. 

 

Fig. 5 Condition of the surface layer, sample C1 
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Fig. 6 Condition of the surface layer, sample CR11 

 

Fig. 7 Condition of the surface layer, sample CR21 

 

Fig. 8 Condition of the surface layer, sample CR31 

A TiO2 layer with an average thickness of 0.25 µm 
was observed for the first investigated sample, which 
was designated as C1. Another sample labeled as CR11 
in Fig. 6 had an oxidation layer with an average 
thickness of 0.48 µm. Compared to the CR11 sample, 
the CR21 experimental sample had an increase in the 
thickness of the TiO2 oxidation layer by 0.08 µm. The 
largest thickness of the TiO2 oxidation layer on the 
surface of the examined material is observed in the 
sample labeled CR31, namely 0.79 µm, which was 
documented in Fig. 8. All experimental samples were 
in the salt chamber for 168 hours and it was observed 
that with increasing roughness, the average thickness 
of the TiO2 oxidation layer on the surface also 
increases. 

In the following sequence of Fig. 9–12, we can 
observe the microstructure of the samples and 
examine the TiO2 oxidation layer. The experimental 
samples are divided according to the roughness 
parameter, under a corrosion load in a salt chamber 
for 240 hours.  

 

Fig. 9 Condition of the surface layer, sample C2 

 

Fig. 10 Condition of the surface layer, sample CR12 
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Fig. 11 Condition of the surface layer, sample CR22 

For experimental samples loaded for 240 hours in 
a salt chamber, we can observe that the thickness of 
the TiO2 oxidation layer increases with increasing 
roughness. The average thickness of the oxidation 
layer in the untreated sample C2 is 0.43 µm. The next 
sample measured was a sample machined to a 
roughness parameter of Ra 0.3 and has the designation 
CR12. For this sample, the thickness of the TiO2 

oxidation layer was measured to be 0.58 µm. For the 
experimental sample labeled CR22, the average 
thickness of the oxidation layer on the surface was 
measured to be 0.77 µm. The largest average thickness 
of the TiO2 oxidation layer was measured for the 
CR32 sample, namely 0.85 µm. 

For better clarity, the data obtained with the help 
of an electron microscope are shown in tab. 3. 

 

Fig. 12 Condition of the surface layer, sample CR32

Tab. 3 Measured values of layer thickness 

 C1 CR11 CR21 CR31 C2 CR12 CR22 CR32 

L1 [µm] 0.22 0.43 0.59 0.81 0.43 0.59 0.7 0.81 

L2 [µm] 0.27 0.54 0.54 0.81 0.38 0.59 0.81 0.81 

L3 [µm] 0.32 0.43 0.59 0.81 0.43 0.59 0.76 0.81 

L4 [µm] 0.16 0.49 0.49 0.76 0.49 0.65 0.76 0.97 

L5 [µm] 0.22 0.59 0.59 0.76 0.43 0.49 0.81 0.87 

øL [µm] 0.238 0.496 0.56 0.79 0.432 0.582 0.768 0.854 

stan. Dev. σ 0.0538 0.0625 0.0400 0.0245 0.0349 0.0515 0.0407 0.0625 

 
The experimental samples, which were in the 

salt chamber for 480 hours, are divided according 
to the machining method to commercially pure 

titanium without any machining and machining to 
the roughness parameter Ra 0.3, 1.7 and 3.2, see 
Fig. 13–16. 
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Fig. 13 Condition of the surface layer, sample C3 

 

Fig. 14 Condition of the surface layer, sample CR13 

The experimental samples, which were in the salt 
chamber for 480 hours, are divided according to the 
machining method to commercially pure titanium 
without any machining and machining to the 
roughness parameter Ra 0.3, 1.7 and 3.2, see Fig. 13–
16. All experimental samples taken out of the salt 
chamber after 480 hours have a continuous and 
compact TiO2 oxidation layer on the surface. We can 
observe that as the roughness increases, the thickness 
of the TiO2 oxidation layer on the surface of the 
examined samples also increases. The first examined 
sample labeled C3 has an average thickness of the 

oxidation layer of 0.65 µm. For another experimental 
sample labeled CR13, the average thickness of the 
oxidation layer was measured to be 0.95 µm. The third 
experimental sample labeled CR23 has an average 
oxide layer thickness of 1.04 µm after measurement 
on the surface. The largest thickness of the TiO2 
oxidation layer was measured on the surface of the 
experimental sample CR33 and was 1.07 µm. 
Experimental samples of pure titanium, see Fig. 17–
20, which were loaded in the corrosion environment 
of the salt chamber for 720 hours, are divided 
according to the roughness parameter. 

 

Fig. 15 Condition of the surface layer, sample CR23 

 

Fig. 16 Condition of the surface layer, sample CR33 
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Fig. 17 Condition of the surface layer, sample C4 

 

Fig. 18 Condition of the surface layer, sample CR14 

 

Fig. 19 Condition of the surface layer, sample CR24 

 

Fig. 20 Condition of the surface layer, sample CR34

Tab. 4 Measured values of layer thickness 

  C3 CR13 CR23 CR33 C4 CR14 R24 CR34 

L1 [µm] 0.65 0.97 1.03 1.14 0.7 1.03 1.3 1.46 

L2 [µm] 0.7 0.86 1.03 1.08 0.7 1.13 1.46 1.57 

L3 [µm] 0.7 0.92 0.97 1.08 0.76 1.03 1.35 1.4 

L4 [µm] 0.59 1.03 1.03 1.03 0.81 1.08 1.35 1.4 

L5 [µm] 0.59 0.97 1.14 1.03 0.86 1.08 1.46 1.46 

øL [µm] 0.646 0.95 1.04 1.072 0.766 1.07 1.384 1.458 

stan. Dev. σ 0.0492 0.0569 0.0551 0.0407 0.0625 0.0374 0.0647 0.0621 
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The first sample measured after corrosion loading 
for 720 hours was the sample labeled C4. An average 
TiO2 oxidation layer with a thickness of 0.77 µm was 
measured on the surface of the sample. On the next 
observed sample labeled CR14, an average oxidation 
layer with a thickness of 1.07 µm was measured on the 
surface. An oxidation layer of 1.38 µm was measured 
for the sample labeled CR24. The largest TiO2 
oxidation layer on the titanium surface was measured 
for the CR34 sample with a roughness parameter Ra 
of 3.2. The average thickness of the oxidation layer of 
this experimental sample was 1.46 µm. 

For better clarity, the data obtained with the help 
of an electron microscope are shown in tab. 4. 

 Ti-6Al-4V alloy in the corrosion 
environment of a salt chamber 

Due to the detection and measurement of very 
small oxidation layers of TiO2 on the surface of the 
Ti-6Al-4V alloy for all roughness parameters and 
times of corrosion action in the salt chamber, we do 
not evaluate the thickness of the oxidation layer, but 
the occurrence of titanium oxides on the surface of 
the examined material. The evaluation is carried out 
using a VEGA Tescan 3 electron microscope and 
subsequent EDS analysis and mapping. Na and Cl 
particles were filtered out from EDS analysis and 
mapping in order to prevent visual contamination 
during mapping and analysis using EDS analysis. The 
same surface condition was observed for samples 
subjected to corrosion loading in a salt chamber for 
240 hours as for 168 hours corrosion loading. 

 

Fig. 21 Surface condition of the sample S1 

 

Fig. 22 Surface condition of the sample S1, detail 

 

Fig. 23 Surface condition of the sample S2 

 

Fig. 24 Surface condition of the sample S2, detail 
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For this reason, images documenting these 
surfaces are not presented in the work. In Fig. 21–24, 
samples S1 and S2 were documented, for which 
surface observation was performed, then EDS 
analysis was performed, but no occurrences of oxide 
appeared on the surface of the examined samples at 
168 and 240 hours in the salt chamber. For this reason, 
surface mapping was no longer carried out.  

In the case of experimental sample S3, it can be 
seen that thanks to EDS analysis and subsequent 
mapping, it was possible to document that oxides (O 
= 3.68 wt.%) occur on the surface of the examined 
material (Fig. 25), which is also confirmed by mapping 
and surface EDS analysis (Fig. 26). This analysis 
confirmed that the oxides are evenly distributed on the 
surface.  

 

Fig. 25 Surface condition of the sample S3, detail 

 
Fig. 26 Result of EDS analysis and surface mapping 

 

Fig. 27 Surface condition of sample S4, detail 

 

Fig. 28 Result of EDS analysis and surface mapping 

For the observed sample labeled S4 (Fig. 27), 
which was in the salt chamber for 720 hours and 
was not processed in any way, it was confirmed by 
EDS analysis that there is oxide in a slightly larger 
amount on the surface of the examined material 
than in the previous sample (O = 4.37 wt.%). 
Thanks to the use of surface EDS analysis and 
subsequent mapping, it was found that the oxide 
spreads evenly over the entire surface of the 
observed experimental sample (Fig. 28). The next 
images (Fig. 29) document the microstructure of the 
surface of the SR11 sample, which had a roughness 
parameter Ra of 0.3 and was subjected to corrosion 
loading in a salt chamber for 168 hours. No oxide 
formation was found on the surface of the 
experimental sample (Fig. 30, O = 0.00 wt. %). 
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Fig. 29 Surface condition of sample SR11, detail 

 

Fig. 30 Result of EDS analysis and surface mapping 

The following SR21 sample, which was subjected 
to corrosion attack in a salt chamber for 168 hours 
with a roughness parameter Ra of 1.7, and its 
microstructure is shown in Fig. 31.  

 

Fig. 31 Surface condition of sample SR21, detail 

 

Fig. 32 Result of EDS analysis and surface mapping 

As with the previous observation, the presence of 
oxide (O = 0.00 wt.%) was not documented on the 
surface of the experimental sample using EDS analysis 
and subsequent mapping (Fig. 32). In the following 
experimental sample labeled SR31, a microstructure 
was observed on the surface of the investigated 
material, with subsequent EDS analysis and mapping, 
which was documented in Fig. 33. On the surface of 
the examined material, we can observe NaCl particles 
that remained on the alloy after the corrosion load. 

 

Fig. 33 Surface condition of sample SR31 
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Fig. 34 Result of EDS analysis and surface mapping 

In the observed experimental sample SR31, the 
occurrence of oxide on the surface of the examined 
material (O = 1.01 wt.%) was detected using EDS 
analysis. The unevenly distributed layer of oxide on 
the surface of the alloy was shown by surface mapping 
(Fig. 34). 

In the next image (Fig. 35), we can observe the 
surface of an experimental sample made of titanium 
alloy Ti-6Al-4V. This sample was machined to a 
roughness parameter Ra of 0.3 and then subjected to 
corrosion loading in a salt chamber for 480 hours. 

 

Fig. 35 Surface condition of sample SR13 

 

Fig. 36 Result of EDS analysis and surface mapping 

In the observed sample labeled SR13, the presence 
of oxide on the surface of the material under 
investigation was not confirmed by EDS analysis (Fig. 
36, O = 0.00 wt.%). There were traces of corrosion in 
the salt chamber on the surface of the investigated 
experimental sample.  

 

Fig. 37 Surface condition of sample SR23 
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Fig. 38 Result of EDS analysis and surface mapping 

On the next sample examined using EDS analysis, 
we can observe a large amount of oxide (O = 13.30 
wt. %) on the surface of the experimental sample (Fig. 
37). The EDS analysis was also confirmed by the 
subsequent mapping and area EDS analysis of the 
surface, where it can be observed that the oxide is 
unevenly distributed over the entire examined area 
(Fig. 38). The microstructure of the experimental 
sample was investigated in the following measurement 
of the investigated experimental sample marked SR33, 
which is machined to a roughness parameter of Ra 3.2 
and subjected to corrosion loading in a salt chamber 
for 480 hours. Subsequently, an EDS analysis and 
mapping of the surface of the examined material was 
performed (Fig. 39, 40). 

 

Fig. 39 Surface condition of sample SR33 

 

Fig. 40 Result of EDS analysis and surface mapping 

In the experimental sample, using EDS analysis, 
there was a large amount of oxide (O = 11.64 wt.%) 
on the surface of the examined material. Subsequent 
mapping showed that the titanium oxide is 
distributed over the entire surface, the largest clusters 
of oxide are observable in the area of the grooves 
after machining. 

The last observed sample that was subjected to 
corrosion stress in the salt chamber is SR34. The 
alloy was machined to a roughness parameter of Ra 
3.2. Using an electron microscope, the 
microstructure of the surface was observed with 
subsequent EDS analysis and mapping, which is 
documented, see Fig. 41–42. 

 

Fig. 41 Surface condition of sample SR34 
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Fig. 42 Result of EDS analysis and surface mapping 

In the case of the sample labeled SR34, a number 
of NaCl particles were observed on the surface of the 
material after the corrosion load in the salt chamber 
(Fig. 41). Using EDS analysis, titanium oxide was 
detected on the surface of the material. Subsequent 
mapping and surface EDS analysis (Fig. 42) confirmed 
the occurrence of oxide in the amount of O = 2.74 wt. 
%. Using mapping, a uniform and dense distribution 
of oxides over the entire surface of the experimental 
sample was also documented. 

 Layer rating 

In the case of commercially pure titanium in the 
corrosion environment of the salt chamber, it was 
observed and measured that at all times of the 
corrosion load there was an increase in the oxidation 
layer of TiO2 on the surface of the investigated 
experimental samples as the roughness parameter 
increased. For samples with the same roughness 
parameter, an increasing average thickness of the 
oxidation layer on the surface was observed with the 
time spent in the corrosion environment of the salt 
chamber, see Graph 1. 

 

Graph 1 Comparison of experimental samples of 
commercially pure titanium in a salt fog corrosion environment 

The amount of titanium oxide on the surface of the 
investigated experimental sample was measured and 
observed using EDS analysis and surface mass 
mapping on the titanium alloy Ti6Al4V, which was 
subjected to salt fog corrosion. This parameter was 
used to analyze the effect of roughness on the 
formation of a corrosion layer in a salt fog 
environment. 

 

Graph 2 Effect of roughness on the formation of a corrosion 
layer of experimental samples of the Ti-6Al-4V alloy in a 

corrosion environment of salt fog 

The same surface condition was observed for the 
samples that were subjected to salt spray corrosion 
loading for 240 hours as it was for 168 hours corrosion 
loading. For this reason, the graph does not show the 
values documenting these surfaces. 

Under the corrosive load of salt fog for 168 hours, 
the occurrence of titanium oxide on the surface of the 
examined sample was measured using EDS analysis 
only in the sample labeled SR31, i.e. with a roughness 
parameter of 3.2. For all other roughness parameters, 
oxide was not measured at such a corrosion load time, 
Graph 2. 

It was observed and subsequently documented on 
experimental samples subjected to corrosive medium 
salt fog for 480 hours that the presence of titanium 
oxide was measured on the surface of the untreated 
alloy using EDS analysis. At the smallest roughness 
parameter Ra 0.3, the appearance of oxide on the 
surface was not measured at the corrosion load of 480 
hours as well as at 168 hours. At a roughness 
parameter Ra of 1.7, the largest occurrence of the 
oxidation layer was measured using EDS analysis. 
However, subsequent mapping showed that the 
experimental sample with a roughness parameter of 
Ra 3.2 had a more even and dense distribution of 
titanium oxide on the surface. 

After the longest period of corrosion loading, 720 
hours, the occurrence of oxide was measured and 
documented for the first time in a sample with a 
roughness parameter Ra of 0.3. In this experimental 
sample, EDS analysis was used to measure the largest 
mass amount of oxide of all the examined samples. 
However, both in the untreated sample and in the 
sample labeled SR14, an uneven occurrence of  oxide 
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on the surface of the samples was observed and 
documented using surface EDS analysis and mapping. 
A sample with a roughness parameter of Ra 1.7 after 
720 hours of corrosion loading has, using EDS 
analysis, the same as for samples after 480 hours of 
corrosion loading, a larger amount of titanium oxide 
on the surface than a sample with a roughness 
parameter of Ra 3.2. In both experimental samples, a 
uniform occurrence of oxide was observed using 
surface EDS analysis and surface mapping. A much 
denser distribution of titanium oxide was also 
observed for the sample with the largest roughness 
parameter Ra 3.2. 

 Conclusion 

The experiment dealt with the effect of different 
roughness on the corrosion behavior of commercially 
pure titanium and titanium alloy Ti6Al4V in the 
corrosion environment of salt fog and physiological 
solution. Roughness parameters during machining of 
experimental samples were based on the article. The 
division of the experimental samples was therefore 
according to roughness into raw samples with a 
roughness parameter Ra of 0.3, 1.7 and 3.2. 
Subsequently, the samples were in a salt chamber at a 
temperature of 35 °C for 168, 240, 480 and 720 hours. 

After sample preparation, samples of commercially 
pure titanium were evaluated on a VEGA Tescan 3 
electron microscope, where the thickness of the TiO2 
oxidation layer was measured and observed at a 
magnification of 5000x. During the observation, 5 
measurements were made, for which their arithmetic 
mean was subsequently calculated. 

For all experimental samples of commercially pure 
titanium that were subjected to the corrosion load of 
salt fog, it can be observed that with increasing 
roughness, the average TiO2 oxidation layer grows on 
the surface of the investigated material. It can be seen 
from Graph 1 that the average thickness of the 
oxidation layer increases not only with increasing 
roughness parameters, but also with increasing time 
for the same roughness parameters. From these 
measurements, it was found that the roughness 
parameter has an effect on the corrosion behavior of 
commercially pure titanium in the corrosion 
environment of salt fog. 

In the case of the Ti6Al4V titanium alloy, after 
measuring and evaluating the results after corrosion 
loading in salt fog, it can be stated that the roughness 
parameter has an effect on the mass percentage of 
titanium oxide on the surface of the examined samples 
at corrosion loading times of 168 and 420 hours. No 
longer for samples exposed to corrosion for 720 
hours. However, the roughness parameter has an 
effect on a more even and dense distribution of the 
oxide on the surface. 

For further possible experiments on the corrosion 
behavior of titanium and its alloys, it would be 
necessary to conduct an experiment in the corrosion 
environment of physiological solution, whether the 
combination of a longer time and the same roughness 
will have an effect on the formation of a more stable 
oxidation layer of TiO2 on the surface. Alternatively, 
to monitor whether the increasing corrosion load time 
of experimental samples of titanium alloy Ti6Al4V in 
salt mist or physiological solution, due to the 
formation of a more stable surface oxidation layer, will 
be beneficial or not.   
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