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Corrosion Characteristics Of Titanium TNTZ And 
Ti-6Al-4V ELI In Artificial Saliva Solution At 

Human Body Temperature 
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Abstract: Corrosion behavior of ß-type titanium alloy, Ti-29Nb-13Ta-4.6Zr (TNTZ) within an artificial saliva solution has been investigated in order know 
the potential of this alloy for orthodontic application. Solution treated alloy (TNTZ ST) and aging treated alloy (TNTZ AT) has been immersed in the 
solution at constant temperature 36°C and pH 5 for imitating nearly human body condition. The corrosion behaviour of Ti-6Al-4V ELI was also 
investigated in the same condition for comparison. Corrosion rate testing was carried out by weight loss method using (KCl 1.2 g/l, NaCl 0.7 g/l, NaHCO3 
1.5 g/l, Urea 1.35 g/l) as artificial saliva at a constant temperature of 36°C for different exposure time (1, 2 and 3 weeks). Surface morphologies were 
examined using scanning electron microscopy (SEM) and energy dispersive X-Ray (EDX) for determining chemical composition. The corrosion rate of 
TNTZ ST and TNTZ AT is lower than that of Ti-6Al-4V ELI, where the corrosion rate of TNTZ ST, TNTZ AT and Ti-6Al-4V ELI alloys are 3.8x10

-6
 mmpy, 

4.2x10
-6

 mmpy, and 9.2x10
-6

 mmpy, respectively. The hardness of both TNTZ and Ti-6Al-4V ELI alloys decreases with increasing of exposure time. 
TNTZ AT has the highest hardness, while TNTZ ST has the lowest one. Low oxygen content on the TNTZ ST surface also indicates high corrosion 
resistance product. It can be concluded that the best material for orthodontic application in point of view corrosion resistance is TNTZ ST. 
 
Index Terms: Corrosion Rate;TNTZ AT; TNTZ ST; SEM-EDX.   

———————————————————— 

 

1 INTRODUCTION 

Braces are an orthodontic procedure used to correct irregular 
tooth arrangements, improve masticatory function, create 
good occlusion relationships, preserve healthy tissue 
supporting teeth, and add cosmetic value to the mouth, 
especially on the teeth [1]. Orthodontic wire (archwire) and 
brackets [2], which are typically made of metal, are the braces' 
key components. To date, the increased use of brackets has 
been followed by advancements in basic materials and 
industrial design. The brackets interaction with saliva or saliva 
in the oral cavity would be affected by these conditions. 
Stainless steel is the most common material used in metal 
brackets. Because of its corrosion-resistant qualities, stainless 
steel is used. Due to hypersensitive reactions, this substance 
is an allergen for certain consumers [3]. The element Nickel 
(Ni), which can cause health issues, is the primary cause of 
allergies. There are several allergic reactions such as edema 
of the tongue, lips, mouth lining, and anaphylaxis. The metal's 
potential to cause allergic reactions is related to the pattern 
and mode of corrosion. Corrosion is the process of releasing 
metal ions from alloys such as nickel into the oral cavity due to 
the tendency of constituent elements to return to their original 
form [2], [4]. This mechanism is not only influenced by the 
metal brackets composition but also the temperature and pH 
of the oral environment. One of the efforts to overcome this 
condition is titanium as the base material for making brackets. 

Titanium is an alternative metal that sufferers who are allergic 
to nickel can use. Titanium alloys have the best 
biocompatibility among body-safe metals [5], as well as 
corrosion resistance, high tensile strength, and low modulus of 
elasticity [6], [7]. Besides, titanium is also not toxic. Therefore, 
the use of titanium brackets can be an alternative for treating 
hypersensitive patients [3]. Type titanium alloy is a type of 
titanium that is often used for implants ranging from 1 alloying 
element to 2 or more alloying elements [5]. Titanium type β 
has a smaller elasticity than type α
and has the best corrosion resistance [5,8]. Various types of 
titanium type β have been developed for biomedical 
applications [5], [8], [9], among which have developed until 
now is TNTZ (Ti-29Nb-13Ta-4,6Zr) [5], [8]. TNTZ has better 
tensile strength and fatigue resistance than titanium type 
(α+β), Ti-6Al-4V ELI for biomedical applications [9]. The 
salivary fluid in the oral cavity will influence the titanium alloy 
until it corrodes. As a result, research is needed to determine 
this titanium alloy's corrosion resistance. The corrosion 
resistance of titanium was measured in a fluid setting, 
specifically artificial saliva, in this study (artificial saliva). The 
type of material used is titanium beta (ti-beta) with TNTZ type. 
Some studies on the corrosion activity of TNTZ titanium in 
simulated body fluids have been performed previously. In 
artificial Saliva fluid at room temperature, TNTZ corrosion is 
slower than Ti-6Al-4V ELI [10]. In contrast, the corrosion rate 
of Ti-6A1-4V ELI is slower compared to TNTZ in solution body 
fluid [11]. TNTZ titanium corrosion rate decreases after the 
aging process [10]. Ti-12Cr titanium corrosion rate increases 
after the aging process [12]. There is a difference in the 
corrosion rate of some titanium material for biomedical 
applications under different environmental conditions. So, it 
cannot be ascertained the rate of corrosion of titanium material 
is certainly under different conditions and has not been 
conducted research on human body temperature, testing is 
still limited to room temperature. Therefore, further research is 
needed to clarify the corrosion behavior of TNTZ as the 
recommended material and Ti-6Al-4V ELI, which has been 
widely used as a comparison material. The solution used is a 
modification of artificial saliva pH 5.0 at a human body 
temperature of 36

o
C. After corrosion testing is conducted on 
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the material, it is expected to predict the material's life if used 
as an alternative orthodontic material. This study's expected 
objective is to compare the corrosion rate of TNTZ with Ti-6A1-
4V ELI in the same pH in Afnor artificial saliva solution and 
obtain the results of Aging treatment on the corrosion rate of 
TNTZ. 
 

2 MATERIALS AND METHOD 

 
2.1 Sample Preparation 
The test samples were TNTZ AT (Aging Treatment), TNTZ ST 
(Solution Treatment), and Ti-6Al-4V ELI, with varying 
thicknesses of 0.305 cm, 0.290 cm, and 0.200 cm and a 
diameter of 1.500 cm. Furthermore, sanding the surface of the 
sample with a mesh roughness of 400, 800, 1200, 1500, 2000, 
5000, and 7000 to obtain a smooth and shiny sample surface 
(without scratches). In the center of the sample, a small hole 
(1.5 mm in diameter) is made as a location for placing the 
thread so that it can arrange the sample hanging in a 
container containing the solution. The corrosive solution used 
was artificial saliva Afnor (Carter-Brugirard AFNOR/NF (French 
Association of Normalization) 591-141) with the composition 
listed in Table 1 with a constant temperature of 36°C and a 
solution pH of 5. Soaking the sample in a solution for 1 week, 
2 weeks, and 3 weeks. 

 
TABLE 1 

COMPOSITION OF ARTIFICIAL SALIVA SOLUTION [13]. 
Elemen NaCl KCl KH2PO4 NaHCO3 NaH2PO4 KSCN Urea 

g/L 0.7 1.2 0.2 1.5 0.26 0.33 0.13 

 
2.2 Examination of Micro Structure, Composition, and 
Hardness Testing 
To examine the microstructure of the sample using an optical 
microscope and SEM (Scanning Electron Microscope). The 
chemical composition of the sample was checked using EMAX 
x-act- Liquid nitrogen-less X-ray Detector. TNTZ Hardness 
Test based on ASTM 384; Standard Test Methods for Knoop 
and Vickers Hardness Materials [14]. The indenter used in this 
test is in the form of a rectangular pyramid with an angle of 
136

o
 and a load value of 9.8 N with an indentation time of 10-

15 seconds. 
 
2.3 Corrosion Testing of Saliva Solution 
Before being tested, the sample's initial weight was weighed, 
then the sample was immersed in a corrosive solution (Afnor 
artificial saliva) for 1, 2, and 3 weeks using the immersion test. 
The solution temperature was kept constant at 36°C. After the 
sample is immersed, it is weighed again, and the rate of 
corrosion is calculated using the equation (1) [10]: 

 
(1) 

 
where:  
K = constant= 8,76 x 10

4
 

W = weight lost (gram) 
D = density of corrosion test specimen (g/cm

3
) 

A = surface area (cm
2
) 

T = time (hours) 
 
 

3 RESULTS AND DISCUSSION 
 
3.1 The characteristics of TNTZ and Ti6Al4V ELI Before 
Immersion 
The microstructure examination of the samples showed that all 
TNTZ samples had a smooth surface. However, the Ti-6Al-4V 
ELI type material had a surface with few scratches. This 
microstructure observation becomes a reference for changes 
that occur during the corrosion process as seen in Figure 1, 
the microstructure is like other studies, but in this material, 
there are elements of impurities (inclusions) as shown in 
Figure 2 [9]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 Results of microstructure observations (a) TNTZ ST. (b) 

TNTZ AT. (c) Ti-6Al-4V ELI 
 

 
 
 
 
 
 
 
 

 
Fig. 2 Microstructure (a) of TNTZ. (b) Ti-6Al-4V ELI another 

study [9]. 
 

Testing using EDX shows that the TNTZ ST and TNTZ AT 
materials have a composition, namely Titanium, Zirconium, 
Niobium, and Tantalum. Simultaneously, the Ti-6Al-4V ELI 
material has the composition of Titanium, Aluminum, and 
Vanadium. The percentage composition of these materials is 
shown in Table 2 and Figure 3. The results of these 
observations indicate that before the corrosion testing, all 
materials did not contain easily corrosive elements such as 
nickel but did contain constituent elements that were resistant 
to corrosion. 
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TABLE 2 
INITIAL COMPOSITION OF TNTZ ST, TNTZ AT, AND TI-6AL-4V ELI 

TNTZ ST TNTZ AT Ti-6Al-4V ELI 

Element 
Mass Weight 

(%) 
Element 

Mass Weight 
(%) 

Element 
Mass Weight 

(%) 

Ti 46.48 Ti 54.1 Al 6.3 
Zr 2.41 Zr 3.94 Ti 89.92 
Nb 36.96 Nb 28.31 V 3.78 
Ta 14.15 Ta 13.66   

Total 100  100  100 

 
3.2 Corrosion Behavior 
3.2.1 Mass Reduction 
The corrosion testing results used the immersion method by 
immersing the sample in an artificial saliva solution at a 
constant temperature of 36°C for one week, two weeks, and 
three weeks. The test results show that all materials have 
decreased in mass. The mass reduction occurs due to a 
corrosion process by the oxidation of the test material of an 
artificial saliva solution leading to a reduction of the test 
material. Saliva solutions that contain Sulphur elements can 
also cause corrosion to occur more susceptibly [15]. 

 
 
 
 
 
 
 
 
 

(a)  (b)                  (c) 
 
 
 
 
 
 
 

 (d)                 (e)                   (f)  
 

Fig. 3 Chemical composition examination results before 
immersion TNTZ ST ((a), (b)), TNTZ AT ((c), (d)), Ti-6Al-4V 

ELI ((e), (f)) using EDX, sample spectrum ((a), (c), (e)), 
spectrum of chemical composition ((b), (d), (f)). 

 
In Figure 4, the lowest mass reduction occurred at 1 week of 
observation time and the largest reduction in mass occurred at 
3 weeks of observation for each type of sample. The length of 
immersion time will affect the mass reduction or reduction in 
the test material, so the longer the immersion time the greater 
the mass reduction, this is in line with other determinations as 
shown in Table 3 [10], [12]. The graphic data in Figure 4 shows 
the lowest mass reduction of 0.0002 grams found in TNTZ AT 
material with the first week of observation time. The increased 
immersion time resulted in a high mass reduction in the TNTZ 
AT material. However, this condition tended to be found to be 
of lower value in TNTZ ST material at the second and third 
weeks of observation. Ti-6Al-4V ELI material has the highest 
mass reduction rate at each observation time. This shows the 
corrosion process of Ti-6Al-4V ELI is higher than other 
materials. This means that TNTZ ST material has better 
corrosion resistance than TNTZ AT and Ti-6Al-4V ELI 
materials. 

Fig. 4 TNTZ ST, TNTZ AT and Ti-6Al-4V ELI mass loss graphs 
 

TABLE 3 
REDUCTION OF SPECIMEN MASS (GRAMS) AFTER TESTING [10] 

No 

Mass Reduction (gram) 

specimen 
Time 

1 hour 10 hours 100 hours 1000 hours 

1 TNTZ ST 0 0.0006 0.012 0.25 
2 TNTZ AT 0 0.0004 0.008 0.15 
3 Ti-6Al-4V ELI 0 0.0017 0.017 0.35 

 
3.2.2 Corrosion Rate 
The calculation of the corrosion rate's value in Figure 5 shows 
that the TNTZ ST material's corrosion rate is the lowest with a 
value of 3.8122x10

-6
 mmpy, and the Ti-6Al-4V ELI material has 

the highest corrosion rate with a value of 9.0103x10
-6

 mmpy. 
TNTZ ST material has the best corrosion resistance 
characteristics than other materials, namely TNTZ AT and Ti-
6Al-4V ELI. The corrosion rate that has been obtained has a 
value proportional to the mass reduction that occurs during the 
corrosion test. This is in line with other studies using the 
polarization method [16]. Other studies show that testing the 
TNTZ ST and TNTZ AT materials using artificial saliva solution 
with the McDougall method at pH 5 has a lower corrosion rate 
compared to Ti-6Al-4V ELI [10]. However, this study shows 
different results, namely the corrosion rate of TNTZ AT (Aging 
Treatment) is lower than TNTZ ST (Solution Treatment) as 
shown in Table 4 [10]. This is probably due to the influence of 
the temperature used during the test because this time the test 
uses a constant temperature of 36°C which simultaneously 
adjusts to the temperature of normal human conditions. 
Whereas previous research, the test temperature used was 
only adjusted to the ambient temperature (room temperature). 
 
 
 
 
 
 
 
 
 

(a) 
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Fig. 5 Graph of TNTZ ST, TNTZ AT and Ti6Al4V ELI 
 

TABLE 4 
THE CORROSION RATES OF TNTZ AND TI-6AL-4V ELI [10] 

 
Corrosion rate (mmpy) 

No Specimens 
Time 

1 hour 10 hours 100 hours 1000 hours 

1 TNTZ ST 0 2.5E-07 5E-07 10.4E-7 
2 TNTZ AT 0 1.7E-07 3.3E-07 6.2E-07 
3 Ti-6Al-4V ELI 0 8.7E-07 8.7E-07 18E-07 

 
3.2.3 Surface Morphology 
The results of surface morphology observations using SEM as 
shown in Figure 6 indicate corrosion symptoms. The changes 
that arise because of corrosion are black spots on every 
scratch on the material's surface. However, there was no 
significant change during the observation of each test material. 
This is probably due to the relatively short immersion time of 
the material. This means that titanium alloys can be applied for 
a relatively long time in an artificial saliva solution because it 
has a good corrosion resistance [17]. In Figure 6 (a) the 
surface is smooth and shiny due to the polishing process. After 
soaking for one week, there were corrosion symptoms in the 
form of small dots with a slightly dark color on the surface of 
the material. At 2 weeks of immersion, the corrosion symptoms 
on the titanium surface increased. At 3 weeks of immersion, 
dark spots appeared as an indication that the corrosion 
symptoms had spread widely. In Figure 6 (e) the surface is flat 
but still shows a few scratches. After one week of immersion, 
there were corrosion signs, especially in the gaps between the 
scratches. At 2 weeks of immersion, the material's surface 
experienced more corrosion and had a higher increase in the 
3 weeks of immersion. Figure 6 (i) shows that there are many 
scratches on the surface. After 1 week of immersion, the 
corroding process's indications have started to appear, which 
shows little black spots, especially in the cracks and scratches 
on the surface of the material. At week two and week 3 the 
material has black spots that have spread widely to the 
material's surface area. The surface condition of the Ti-6Al-4V 
ELI material, which is not flat and there are many scratches, 
may cause the high corrosion of the material. In general, the 
type of corrosion that occurs in Ti-6Al-4V ELI material shows 
indications of uniform corrosion symptoms. 

 
 
 

 
 
 
 

(a)                    (b)                    (c) 
  
 
 
 

(d)                     (e)                    (f) 
 
 
 
 
 
 (g)                      (h)                    (i) 
 
 
 
 
 
 (j)                      (k)                    (l) 
Fig. 6 Micro structure of TNTZ ST ((a), (b), (c), (d)), TNTZ AT 

((e), (f), (g), (h)), and Ti-6Al-4V ELI ((i), (j), (k), (l)) with an 
Optical Microscope (100X magnification) before immersion 
((a). (e), (i)), 1-week immersion ((b), (f), (j)), immersion for 2 
weeks ((c), (g), (k)), immersion for 3 weeks ((d), (h), (l)) in 

saliva solution. 
 

3.2.4 Composition Analysis 
The chemical composition examination of the material from 
the corrosion test results showed a change in the composition 
of the titanium material, especially the O element's 
composition. The element O is an indication of the corrosion 
process of the material surface in the artificial saliva solution 
through an oxidation mechanism resulting in material 
reduction [4]. As shown in Table 5 and Figure 7, the initial 
composition before immersion was not found elemental 
oxygen. However, after immersion with variations of one week, 
two weeks, and three weeks, the oxygen element appears. 
The weight of Ti mass decreases (eroded) such as TNTZ ST 
from 46.48% to 38.50%, oxygen appears by 9.46%, TNTZ AT 
Ti element from 54.1% to 36.08%, oxygen 13.35%, and Ti-6Al-
4V ELI element Ti from 89.92% to 51.14%, oxygen 41.68%. 
The addition of inclusions or impurities such as elemental 
oxygen indicates corrosion on the surface of the material. 
Tests using artificial saliva solution proved that there was an 
increase in oxygen content with increasing immersion time. 
So, the longer the immersion time, the higher the oxygen 
content in the material. Among all test materials, TNTZ ST has 
the lowest oxygen content and on the other hand Ti-6Al-4V 
ELI, has the highest oxygen content. This means that TNTZ 
ST has the highest corrosion resistance and Ti-6Al-4V ELI has 
the lowest corrosion resistance. Besides, the material's high 
oxygen content results in a change in the value of the basic 
composition of the Ti-6Al-4V ELI material. These conditions 
can affect the characteristics of the material due to the 
degradation of the other constituent materials' elements. 
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TABLE 5 
CHEMICAL COMPOSITION OF TNTZ AND TI-6AL-4V ELI AT 

VARIATIONS BEFORE IMMERSION, 1 WEEK, 2 WEEKS, AND 3 WEEKS 

Material Alloying Elements 

Mass Weight (%) 

Before 
1 

week 
2 

weeks 
3 

weeks 

TNTZ ST 

Ti 46.48 38.79 38.79 38.50 

Zr 2.41 4.55 2.98 4.40 

Nb 36.96 30.19 29.66 26.61 

Ta 14.15 18.23 19.25 21.03 

O 0 8.72 9.32 9.46 

TNTZ AT 

Ti 54.1 38.43 41.25 36.08 
Zr 3.94 3.93 3.00 3.59 
Nb 28.31 29.50 29.34 26.44 
Ta 13.66 21.73 16.40 20.54 
O 0 6.42 10.02 13.35 

Ti-6Al-4V ELI 

Ti 89.92 84.36 81.18 51.14 

Al 6.3 5.92 5.35 4.81 

V 3.78 2.42 3.00 2.38 

O 0 7.30 10.47 41.68 

 
 
 
 
 
 
 
 

(a)                             (b) 
 
 
 
 
 
 
 

 (c)                        (d) 
 
 
 
 
 
 
 
    (e)                           (f) 
 
Fig. 7 Chemical composition examination results of TNTZ ST 
((a), (b)), TNTZ AT ((c), (d)), Ti-6Al-4V ELI ((e), (f)) using EDX 

week 3, sample spectrum ((a)), (c), (e)), the spectrum of 
chemical composition ((b), (d), (f)). 

 
3.3 Hardness 
The results of hardness testing using the Vicker Hardness 
Tester can be seen in Figure 8. Before the corrosion test, 
TNTZ AT material had the highest hardness level with a value 
of 388 HVN, and the lowest hardness value was owned by 
TNTZ ST material with a value of 191 HVN. Based on these 
conditions, it is known that the effect of the aging treatment on 
TNTZ material can increase the hardness value before 
corrosion testing is carried out. After three weeks of corrosion 
testing, the TNTZ AT material had the highest hardness value 
with a value of 345 HVN and the material with the lowest 
hardness value was TNTZ ST with a value of 165 HVN. In 
general, all materials experience a constant decrease in 
hardness. The decrease in hardness was linear with the length 

of immersion time; this is in line with previous studies as 
shown in Table 6 [10]. This means an increase in immersion 
time, resulting in increased corrosion in the artificial saliva 
solution, resulting in a reduction in the material's hardness. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8 Graph of the effect of immersion variations on the 
hardness of TNTZ ST, TNTZ AT and Ti-6Al-4V ELI materials 

 
TABLE 6 

COMPARISON OF THE HARDNESS VALUE (HVN) OF THE TNTZ AND 

TI-6AL-4V ELI ALLOYS IMMERSED FOR 10 HOURS, 100 HOURS AND 

1000 HOURS [10] 

Immersion 
variation 

Average hardness value 

TNTZ ST TNTZ AT Ti-6Al-4V ELI 

Before 231 236 362 
1 week 226 231 342 

10 weeks 162 211 338 
100 weeks 150 198 325 
1000 weeks 147 194 313 

 
Table 4 [10] shows that TNTZ ST has a higher corrosion rate 
than TNTZ AT, which shows that the aging treatment is 
inversely proportional to the corrosion rate. The aging 
treatment is carried out to increase the hardness of the 
material. The harder the material, the lower the corrosion rate, 
but this is different from the results obtained from this test. 
This time, the result shows that the increase in hardness due 
to aging treatment on TNTZ AT material can increase the 
corrosion rate compared to TNTZ ST. 
 

4 CONCLUSION 
The highest corrosion rate occurred at Ti-6Al-4V ELI immersed 
in Afnor artificial saliva solution with an average corrosion rate 
of 9.0103x10

-6
 mmpy and the lowest occurred at TNTZ ST with 

an average corrosion rate of 3.8122x10
-6

 mmpy. The aging 
treatment on TNTZ can increase the material's hardness, but 
not to increase the corrosion resistance, where the corrosion 
rate of TNTZ ST is lower than TNTZ AT. The longer the testing 
time, the lower the hardness of the material. Morphological 
observations and composition tests show that the type of 
corrosion in TNTZ ST, TNTZ AT and Ti-6Al-4V ELI is uniform 
corrosion.  
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