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 (The sum of annotation = should be strictly 1500-1600 characters with spaces.),  
The summary should contain the following information: 
- object of research 
- problem that was solved  
- results obtained 
- brief interpretation of the results (what explains them) 
- features and distinctive features of the results obtained, thanks to which they allowed to 
solve the problem under study 
- the scope and conditions of practical use of the results obtained 
The effect of anodic oxidation (or anodizing) voltages on the color and corrosion 
resistance of pure titanium was studied.  In this experiment, a commercially-pure 
titanium was used. To create an "illusion of color," anodizing process modified the oxide 
layer on the surface of titanium. Because of an interference effect similar to that of a 
prism, the titanium oxide layer gives the perception of color. Light reflects at different 
angles from the oxide layer and the underlying titanium, and these reflections interfere 
with each other. Certain wavelengths of light cancel or merge, resulting in the perception 
of color from the remaining light. It was concluded that when we use a higher voltage to 
anodize the titanium, the corrosion rate will increase. It was observed that using 10V 
gives us the most optimum resistance. For surface roughness, using 40V in both KOH 
and DAP solutions give us the highest roughness data. Due to the high amount of 
voltage used in anodizing the titanium, the coating got thicker in the surface and it 
affects the roughness. The data have shown that the corrosion rate and surface roughness 
were inversely proportional.  
 
Keywords: anodic oxidation, anodizing, titanium, corrosion, biomedical ( 5-7 word.) Keywords 
are used to index jobs on electronic systems and the Internet. The better the keywords are chosen, 
the more people will be able to find the paper by typing in the same keywords as in the paper. This 
will increase the readability of the paper, and therefore the likelihood that the paper will be cited. 

The main purpose of keywords is to allow you to quickly find an article on the desired topic. 
 

 

1.​ INTRODUCTION 
In the section Introduction it is necessary to justify the 
relevance to the present scientific topics. I pay attention - 
not the relevance of this work (article), but exactly the 
topic. It is necessary to give arguments in favor of the fact 
that it is very important to carry out research on this topic, 
and that the results of such research are needed in practice.  
After all, it may turn out that the topic itself is no longer 
needed, outdated, because science is already much further 
ahead. In this case, why waste time on research? Note that 
relevance is understood precisely in the sense of the 
importance of this scientific topic (issue), not in the sense 
of this work (article). 
If such arguments will be given, it is clear why further 
analysis of the literature - since this scientific topic is 
important, it is necessary to understand what achievements 

in the research of this topic already have and what do not, 
and therefore requires a new study. 
Thus, the logic of the construction of the article should be 
as follows: 
The Introduction section proves that this research topic 
needs to be dealt with, hence the Literature review and 
problem statement section needs to identify what parts of 
the problem are unresolved and require research, hence 
the justified purpose of the research which is set out in 
The aims and objectives of the research section. 
Therefore, in the Introduction section it is not necessary to 
annotate your article (This article explores....), and this 
section should end with a text that will conclude that this 
research topic (problematic) is relevant. For example: 
Therefore, research on the development of so-and-so is 
relevant 
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Use references to the literature, each of the used sources 
should be accompanied by a comment (at least one 
sentence). There should be a critical analysis of each 
source 
Requirements for formatting figures: Before a figure, there 
must be a reference to the figure in the form: Fig. 1, Fig. 
2‒4, Fig. 5, a. Before a figure, there should be a link to the 
figure (in the same chapter/subsection as the figure itself). 
The caption under a figure should take the form: Fig. 1. 
The title of the figure.  
If the figure consists of several subfigures, the caption 
should take the form: Fig. 1. The title of the figure: a ‒ the 
name of the first subfigure; b ‒ the name of the second 
subfigure... 
If there are designations, abbreviations, or abbreviations in 
the figure, the transcript of which were not given earlier in 
the text, then those should be explained in the text under 
the figure. For example, the figure shows three charts, 
which are marked, respectively, by numbers 1, 2, and 3. 
Then the text under the figure should take the form: Fig. 1. 
Title: 1 ‒ chart 1; b ‒ chart 2; 3 ‒ chart 3. 
Text under the figure must be part of the text. Figures 
should be streamlined "In text." The inscriptions in the 
figure should not be bold or sloping. All inscriptions in the 
figure must be written in one font and one size. The 
exception is screenshots of programs that do not allow one 
to edit the font. The indices in the figure should take the 
same form as the indices in the text.On the charts, the 
axes' titles must be moved from the scales to the same 
distance of at least 0.5 cm. 
At least one size (height or width) in the text under the 
figure should be the same. The horizontally located 
subfigures should have the same height, and the vertically 
located ones should have the same width. 
The editorial board reserves the right to reject a paper if 
the authors refuse to provide the original figure files to 
avoid data falsification (dwg ‒ for COMPAS drawings; 
SolidWorks, AutoCad, cdr. ‒ for CorelDRAW files; 
xls/xlsx ‒ for Excel, etc.). 
Formulas should be typed in the MathType equation 
editor. Links to the formula in the text are (1), (2)–(4). 
Formulas should be numbered. Numbering alignment to 
the right. The formula is part of the text, so after a claim 
must stand semantic mark if the new proposal goes 
further, then the point, if further clarification is the comma 
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Whereas  is the temperature at node 1 [0C], denote 𝑇
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the Contact temperature [0C], ​ denote the 𝑄
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heater calorific value [J],  denotes the thermal 𝐾
𝑝

conductivity [W/m 0C] and  Ap​  is the area [m2] 
 
Commercially Pure Titanium (CP-Ti) is considered to be 
the best biocompatible metallic material because its 
surface properties result in the spontaneous build-up of a 
stable and inert oxide layer. Titanium can be alloyed with 
iron, aluminum, vanadium, and molybdenum, among 

other elements, to create strong, lightweight alloys. 
Coloring is also commonly used for easy identification 
[1]. The parameters that affect oxide growth and give the 
titanium a variety of colors are the cell voltage, current 
density, duration of treatment, temperature, electrolyte 
composition, pH, substrate composition, concentration, 
and agitation effect of solution [2]. 
There are three different types of anodizing on titanium. 
Type 1 is utilized in specialist high-temperature treatments 
and is significantly less frequent. Type 2 is mostly used 
for wear protection as it shields the metal surface from the 
effects of wear. Type 2 anodizing creates a hard, 
wear-resistant surface that reduces seizing and friction 
between sliding titanium surfaces.  
Moreover, patients with orthopedic implants benefit from 
type 2 anodized titanium's reduced friction or lubricity, 
which improves joint mobility. Lastly, titanium color 
anodizing is another name for type 3 titanium anodizing. 
In the medical application, type 3 color anodizing is 
commonly utilized for instant visual identification of 
parts. For example, an orthopedic surgeon in the middle of 
a procedure can simply request a blue bone screw. Effect 
of applied voltage on the thickness layer of Ti-6Al-4V 
shown in Fig. 1, and on the other hand, effect of applied 
voltage on the microstructure shown in Fig. 2 [3]. 
Titanium alloys are utilized in airplanes components, 
armor plating, naval ships, spacecraft, and missiles 
because of their high tensile strength to density ratio, 
strong corrosion resistance, fatigue resistance, and ability 
to sustain fairly high temperatures without creeping. 
Titanium is alloyed with aluminum, zirconium, nickel, 
vanadium, and other elements for these purposes, and is 
used to make a variety of components such as vital 
structural parts, fire walls, landing gear, exhaust ducts 
(helicopters), and hydraulic systems [4]. 

 
Fig 1. Effect of applied voltage on the thickness layer [2]. 

 

 
 

Fig 2. Oxides were grown at (a) 10V and (b) 80 V [2].  
 
The chemical and petrochemical industries rely on welded 
titanium pipe and process equipment for corrosion 
resistance. For their high strength, corrosion resistance, or 
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both, specific alloys are employed in oil and gas downhole 
applications and nickel hydrometallurgy. Titanium is used 
in pulp and paper industry process equipment that is 
exposed to corrosive media such as sodium hypochlorite 
or wet chlorine gas in ultrasonic welding, wave soldering, 
and sputtering targets are some of the other applications.  
Titanium is also employed in automotive applications, 
particularly in auto and motorcycle racing, where low 
weight, great strength, and rigidity are required. Tennis 
rackets, golf clubs, lacrosse stick shafts, cricket, hockey, 
lacrosse, and football helmet grills, bicycle frames and 
components are all made of titanium. Titanium bikes have 
been employed by racing teams and adventure riders, 
despite the fact that it is not a common bicycle material.  
If oxide thickness is such that reflected and refracted 
beams become out of phase by half of their wavelength, 
this produces color elimination as shown in Fig. 3(a) [5]. 
An example of blue wavelengths out of phase: the 
resulting oxide will appear yellow/reddish. Vice versa, if 
the phase displacement is an integer number of 
wavelengths the corresponding color appears at the 
surface as shown in Fig. 3(b). An example of blue 
wavelengths in phase: the resulting oxide will appear blue 
[5].  
In addition, because titanium is biocompatible (meaning it 
is non-toxic and does not cause the body to reject it), it is 
used in a variety of medical applications, including 
surgical instruments and implants such as hip balls, 
sockets (joint replacement) and dental implants that can 
last up to 20 years as shown in Fig. 4 [6]. There are 
specific properties of material used in medical implants. 
Researchers have to make sure their products reach the 
required standards in order for it to be used as shown in 
Table 1.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3. Thin layer interference of the light waves 

 
 
 
 
 
 
 
 
 
 

Fig 4. The parts in dental implants 
 

Table 1. Properties of material used in medical implants 
 
 
 
 
 
 
 
Titanium's natural propensity to integrate to the jawbone 
allows it to be used in dental implants that can last up to 
30 years. This characteristic is also beneficial in the case 
of orthopedic implants. The lower modulus of elasticity of 
titanium allows these devices to better match the elasticity 
of the bone they are meant to mend. Therefore, a lot of 
doctors used these titanium surgical instruments in the 
medical industry [7].  
 
This research will focus on the type 3 anodization. It aims 
to observe the effect of anodic oxidation voltages on the 
color and corrosion resistance of pure titanium. 
 
2. RESEARCH SIGNIFICANCE 
Explain the importance of the research you are conducting 
and how the results of the research can benefit society, 
science, or a particular field. 
da explaining why the topic under study is important to 
study and how the research can make a significant 
contribution in solving problems or increasing 
understanding of a topic. Authors can also identify 
deficiencies or weaknesses in previous research and 
explain how their research will address these issues. So 
that it can help readers understand why the research is 
important and feel compelled to read the entire article or 
the results of your research. 
This research focuses on the effect of anodic oxidation 
voltage on the color and corrosion resistance of pure 
titanium. Titanium is widely used in applications such as 
aerospace, maritime, and chemical industries. It is also 
employed in automotive, sports, and medical applications. 
Commercially Pure Titanium (CP-Ti) is suitable as a 
biocompatible metallic material due to its surface 
properties that result in a stable oxide layer. Coloring is 
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used for identification purposes. Parameters affecting 
oxide growth and titanium color include cell voltage, 
current density, treatment duration, temperature, 
electrolyte composition, pH, substrate composition, 
concentration, and solution agitation. There are three types 
of anodizing on titanium, with type 2 providing wear 
protection and benefits for orthopedic implants.  
 
3. RESEARCH METHODS 

3.1 Format 

 

 
Fig 1. Installation scheme 

 
Whereas: 1. Gas cylinder 2. Flowmeter 3. Safety Valve 4. 
Exterior flame burner counterflow pipe 5. Inner flame 
burner counterflow pipe 6. Camera 7. Thermocouple 8. 
Thermocouple drive installation 9. Horizontal drive 
Stepper Motor 10. Vertical drive Stepper Motor 11. Micro 
controller stepper motor 12. Stepper motor control 
computer and temperature sensor data receiver. 
 
References should take the form [1], [2–4]. References 
should be in the order of their mention in the article. All 
literature references cited in the Literature part, reference 
should be in the text necessarily. Sources are made 
according to the standard IEE Sources must be at least 10. 
The list of references should have at least 60 % foreign 
sources. If GOSTs and national standards are used in the 
references, their foreign analogues must be given. The 
percentage of self-citations – no more than 20 % (ie, if 
you used the 10 links, only 2 of them can to your works). 
All sources must be unique (one source is mentioned only 
once in the bibliography). Before submitting the 
manuscript to the editor, it is necessary to check all URL 
sources for operability. 

3.1 Material​  

Before the Fig. should be a link to the Fig. (in the same 
section) 
The material used in this study was a Grade 4 
Commercially Pure Titanium (CP-Ti). It has been cut in 
the size of 4 cm x 1 cm x 0.2 cm in size as shown in Fig. 
5. 
 

 
 
 

 
 

Fig 5. Size of sample 
 
3.2 Experimental Procedure​  

The experimental set up as shown in Fig. 6.  It consists of 
a DC power source, a beaker for electrolytic bath and 
platinum as cathode and test samples of anode. The 
pre-treatment includes grounding the specimen using #240 
up to #2000 abrasive papers before being polished with 
alumina suspension. The specimen was then washed in DI 
water before being etched in 24,5 ml of sulfuric acid and 4 
ml of hydrochloric acid. The process was continued by 
degreasing the titanium pieces in acetone and ethanol for 3 
minutes in an ultrasonic bath.  
 

 
 

Fig 6. Anodizing set up 
Before the anodizing process, one cleaned titanium piece 
was examined under the Keyence microscope to test the 
average surface roughness, the results were shown in 
Table 2. 
 

Table 2. Average surface roughness data after first cleaning 
Area Surface roughness (μm) 

1 3.213 
2 3.448 
3 2.107 
4 2.548 

Average of surface roughness 
 

3.213 

Anodizing was done in a 58,1g of Potassium Hydroxide 
(KOH) solution at 25°C for 1 minute at 5, 10, 20, 30, and 
40 V voltage variations. A digital multimeter was used to 
record the current output while anodizing. The sample was 
washed in DI water after anodization. Next, repeat the step 
before but this time change the electrolyte using 132,05g 
of Di-Ammonium Hydrogen Phosphate. 
An optical microscope called the Keyence 
Microscope was used to examine the anodic oxide coating 
that was formed. Corrosion behaviors were also 
qualitatively evaluated by the potentiostat/galvanostat 
using simulated body fluid (SBF) solution so that a 
polarization curve was concluded [8]. It was placed with 
ringer lactate substance which is a mixture of sodium 
chloride, sodium lactate, potassium chloride, and calcium 

4 
 



Evrimata: Journal of Mechanical Engineering ​  
Vol. XX, No. XX, <Month>, <Year>, p.XX – XX ​ e-ISSN: 3047-6305 

chloride in water. Ringer lactate has the same 
concentration level as the human system and is usually 
used for replacing fluids and electrolytes in those who 
have low blood volume or low blood pressure [9].   
 
4. RESULTS AND DISCUSSION 

Only those manuscripts that meet the standards of the 
journal, and fit within its aims and scope, will be sent to 
expert reviewers. Deadline from 2 weeks till 2 months. 
After the article has passed the priority check, it is 
necessary to provide a package of documents and pay an 
advance payment after which your article is sent for 
processing to the editor. Get the answer from the editors of 
the magazine. If there are adjustments that need to take 
them into account and send the article back by e-mail. If 
no adjustments or fixed all the comments made by the 
editor, you will need to prepare a package of documents 
 

Table 1. Biogas composition [1] 
Components Value (%) 

CH4 42,37 
CO2 48,97 
CO 1,92 

The others 6,74 
 
The section is structured like this: 
Answer the question, what explains the results obtained? 
When answering this question, it is necessary to refer to 
those objects in the article, which display the discussed 
result. Such objects are formulas, figures, tables. 
What are the peculiarities of the proposed method and the 
obtained results in comparison with the existing ones (it is 
necessary to make a comparison with the known data, 
indicating the references to the relevant works of 
colleagues) 
What limitations are inherent in the given research (in 
general it can be: the applicability limits of the proposed 
solutions / results obtained, the applicability conditions of 
the proposed solutions / results obtained, reproducibility 
of the results / methods of obtaining results, stability of 
solutions to the change of influencing factors, the range of 
input data within which the results are adequate and can 
be reproduced, leading to the stated effects, etc.) 
What disadvantages of this study can be noted and how 
they can be eliminated in the future. Warning. 
Disadvantages and limitations are not the same thing 
What might be the development of this study and what 
difficulties (mathematical, methodological, experimental, 
or any other) might be encountered along the way? 
After the anodization, the average surface roughness of 
the titanium sample was observed using a Keyence 
microscope. The data was collected and plotted on a table 
as shown in Table 3. 
 

Table 3. Average roughness of titanium after the anodization 
Sample Surface roughness (μm) 

S0 0.383 
S1 (KOH, 10V) 0.432 
S2 (KOH, 20V) 0.495 
S3 (KOH, 30V) 0.790 
S4 (KOH, 40V) 0.772 
S5 (KOH, 5V) 0.509 

S6 (DAP, 10V) 0.662 
S7 (DAP, 20V) 0.480 
S8 (DAP, 30V) 0.567 
S9 (DAP, 40V) 0.915 
S10 (DAP, 5V) 0.555 

 
The color produced by anodizing the titanium at various 
voltages, as well as the thickness data, are shown in Fig. 7. 
After the anodizing, the substrate retained its metallic 
reflecting aspect, indicating that the anodic coating was 
transparent. When Potassium Hydroxide solution is used, 
the anodic film turned gold when exposed to a low voltage 
of 5 V. After the anodizing at 20 V, the surface look 
changed to a light blue hue, and after the anodizing at 40 
V, it changed back to a gold color. When the 
Di-Ammonium Hydrogen Phosphate is used, the anodic 
film turned gold when first exposed to a voltage of 5 V.  
After the anodizing at 20 V, it changed to a dark blue 
color, and lastly, after anodizing at 40 V, it turned into a 
light blue color. Light interference was formed by the 
transparent anodic material, which resulted in color 
fluctuation based on the reflecting light waves. The optical 
characteristics of the anodic film formed changed when 
the anodizing voltage was changed. The hue of the 
interference was determined by the number of pores and 
the thickness of the film. 
 

 
 

Fig 7. Color of titanium surface after anodizing at various voltage 
 

Table 4. Voltage, ampere and solution were used  
Sample Voltage (V), Ampere (A), and 

Solution 
S1                      10V, 0.1A, Potassium 

Hydroxide 
S2 20V, 0.1A, Potassium 

Hydroxide 
S3  30V, 0.2A, Potassium 

Hydroxide 
S4  40V, 0.2A, Potassium 

Hydroxide 

5 
 



Evrimata: Journal of Mechanical Engineering ​  
Vol. XX, No. XX, <Month>, <Year>, p.XX – XX ​ e-ISSN: 3047-6305 

S5   5V, 0.1A, Potassium 
Hydroxide 

S6  10V, 0.03A, Ammonium 
Hydrogen Phosphate 

S7  20V, 0.02A, Ammonium 
Hydrogen Phosphate 

S8  30V, 0.02A, Ammonium 
Hydrogen Phosphate 

S9  40V, 0.01A, Ammonium 
Hydrogen Phosphate 

S10  5V, 0.011A, Ammonium 
Hydrogen Phosphate 

 
The surface morphology of the anodic oxide coating was 
evaluated using the Keyence microscope. As illustrated in 
all of the photos in Fig. 8 using Potassium Hydroxide 
solution and Fig. 9 using Di-Ammonium Hydrogen 
Phosphate solution, the anodic film that resulted was 
porous. Pores are frequently found in anodic oxide films. 
As shown in Fig. 9, the film generated had a grainy 
structure. As a result of anodizing at higher voltages 20V, 
30 V, and 40V, the grain structure vanished and the film 
became more compact. With increasing anodizing voltage, 
the number of pores increased. 
 

Sample Magnified 120x Magnified 240x 

S0​
 

Without 
Treatment 

 

 

S1​
 

KOH, 10 V 

 

 

 

 

S2​
 

KOH, 20 V 

 

 

 

 

S3​
 

KOH, 30 V 

 

 

 

 

S4​
 

KOH, 40 V 

 

 

 

 

S5​
 

KOH, 5 V 

 

 

 

 

Fig 8. Images of anodic oxide films formed on titanium using Potassium 
Hydroxide 

S6​
 

DAP, 10 V 

 

 

 

 

S7​
 

DAP, 20 V 

 

 

 

 

S8​
 

DAP, 30 V 

 

 

 

 

S9​
 

DAP, 40 V 

 

 

 

 

S10​
 

DAP, 5 V 
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Fig 9. Images of anodic oxide films formed on titanium using 
Di-Ammonium Hydrogen Phosphate 

To determine the corrosion rate of each sample, namely by 
conducting corrosion testing with the potentiodynamic 
method. From the experimental data, Icorr results are 
obtained. Polarization curves are also acquired shown in 
Fig. 10. From the results, it is concluded that the thicker 
the oxide layer covered on the titanium piece, the better it 
protects the metal surface. 

Sample Chart Diagram Corrosion 
Rate 

(mmpy) 

Icorr 

(μA) 

 
 

S0 
 

Without 
Treatment 

1.8898  4.348  

 
 

S1 
 

KOH, 10 V 

1.1293  2.598  

 
 

S2 
 

KOH, 20 V 

1.1948  2.749  

 
 

S3 
 

KOH, 30 V 

 

1.4092  3.422  

 
 

S4 
 

KOH, 40 V 

 

1.1505  2.647  

Fig 10. Polarization curves of titanium  
 

5. CONCLUSIONS 

When the Titanium was anodized at 5,10, 20, 30, and 40 
V, it resulted in the color variety of gold, violet, dark blue, 
and light blues. The anodic film's pore density grew when 
the voltage was applied, resulting in a lighter tint. The 
change in voltage also resulted in the pores density of the 
film to alter, which caused light interference in the film 
thickness and gave protection to the metal from corrosion. 
When we apply a greater voltage to anodize the titanium, 
the corrosion rate increases. It has been discovered that 

utilizing 10V provides the best corrosion resistance. The 
coating thickens in the surface due to the high voltage 
employed in anodizing the titanium, which influences the 
roughness. corrosion rate and surface roughness are 
inversely proportional.  
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