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Abstract
The effect of heat treatment on the corrosion resistance of Titanium samples was carried out in a 3M hydrochloric medium. Two samples were heat treated at different temperatures and cooled using different methods, in order to recrystallize the material, whereas the third one was left without treatment. The obtained results show corrosion resistance in the case of the two treated samples, while the third non-treated sample was subject to more corrosion. The corrosion inhibition by heat treatment of these samples was studied using the Electrochemical Impedance Spectroscopy method and the corrosion inhibition rate was calculated through Tafel slopes.
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[bookmark: _Ref513368824]Introduction
Titanium is known for his corrosion resistance and strength-to-density ratio - the highest of any metallic element. It can be alloyed with iron, aluminium, vanadium, and molybdenum, among other elements, to produce strong, lightweight alloys. Titanium is capable of withstanding attack by dilute sulphuric and hydrochloric acids, chloride solutions, and most organic acids [1]. However, titanium is corroded by concentrated acids. This is why scientists put a lot of works in the study of the physiochemical properties of this interesting material.
Many parameters affect the corrosion resistance of this material; the ones we're going to study are linked to its texture and its phase diagram.
Texture is a crystallographic orientation of a sample, and it is the most crucial parameter that determines its physical characteristics as well as its stability when it comes to corrosion. Frequently, this deciding factor is linked to heat treatment and the phase diagram of the studied material. Weili et al. [2] show the existing correlation between the multi-step heat treatment process and the increasing grain size of their Ti-45Al-2Cr-5Nb alloy, the content of β phase decreases, while the contents of α and γ phases grow with the increase of annealing temperature.
Our aim is to achieve different structures by heat treating our Ti samples, and see which annealing process has the most effect on corrosion inhibition. Of course, in order for this study to take place, we used Electrochemical Impedance Spectroscopy method. Galvan et al. [3] proposed the use of four different equivalent circuits for the fitting of experimental data using the EIS technique, each circuit represents a certain phenomenon accruing inside the electrochemical cell, thus allowing us to assess the general state of our sample and conclude if it was able to corrosion resist or not.

[bookmark: _Ref513368815]Titanium phase diagram
As shown in the figure bellow (Figure 1) [4], titanium has a crystalline structure of hexagonal in his normal state, while increasing the pressure changes it to centred hexagonal compact known as γ phase.
In temperatures exceeding 1300 K and below the melting point of 2000 K, Ti crystalline structure changes to centred cubic identified as β phase.


[bookmark: _Ref483299836][bookmark: _Ref483299703]Figure 1: Titanium phase diagram [4].
Titanium heat treatments
Heat treatment is able to alter the physical properties and certain characteristics of Titanium, it contributes to the improvement of the material’s behaviour and ease its manufacture. Focusing first on the Ti phase diagram, i.e., just pure Ti, we observe the well-known fact that above 1050 K the β phase is the most stable one, and that it transforms to the α phase upon cooling below this temperature. At very low temperatures (100 K) the γ phase becomes more stable than the α phase [2].
The heat treatments allow us to improve certain properties of metallic materials, by a good adaptation of their structure, in contribution to the improvement in the operating behaviour of the metal parts and to their ease of manufacture. Several studies have been carried out to study the effect of heat treatment on the microstructure and corrosion of metals:
Barcelo and Brachet [3] studied the effect of austenitization temperature and time on the average grain size γ of 9Cr-1Mo steel. They have observed that the corrosion kinetics of the letters can be described by the law:
                                              Dγ  (moy)  = exp (-Eapp / RT) . t n                                    (3.1.a)
                                                 Eapp = (27 ± 3) Kcal / mol                                                  (3.1.b)
                                                 n = 0.13 ± 0.03                                                                     (3.1.c)
Brook and R.J. [4], for a fixed T temperature, gave the phenomenological expression of the kinetics of grain magnification:
                                                = Kt exp (-Q / RT)                                                 (3.2)
G: Average grain size at time t.
: The initial grain size at .
m: The exponent of kinetics of grain magnification.
Q: The apparent activation energy.
K: A constant.

Tahani et al. [5] studied the effect of heat treatment and lamination on the corrosion of Cu-Zn alloys, aluminium and titanium by gravimetric, electrochemical, micrographic and X-ray diffraction methods. They have shown the heat treatment has a great influence on the corrosion resistance of titanium in 4M HCl medium.
Experimental part
For the non-treated sample, it is noted that it is always in the hexagonal structure domain (phase α) as shown in Figure 4.
Titanium micrography with and without heat treatment
For the non-treated sample, it is noted that it is always in the hexagonal structure domain (phase α) as shown in Figure 4.  From Figure 5 we can see an exaggerate magnification of the grains in comparison to the previous sample. The distribution of the grains is not homogeneous, but if the duration of the heat treatment is increased, there will be a tendency to homogenize the grain size. The recrystallized grains which have a certain orientation will absorb the other grains whose orientation is more or less different.
For the third heat treatment (Ti 900°C / 1h), the structure became lamellar, about 50% of phase β was present according to the measurements made using the scanning electron microscope [6]. During treatment above , the grains of phase β increase when the time increases, and this is all the more as the temperature is high.
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Conclusion 
Our corrosion resistance study of Titanium in 3M HCl medium as a function of the heat treatment for a well-defined period of time allowed us to draw the following conclusions:
· Corrosion resistance is more important in the structural (CC, ) than in the structural (HC, ) domain.
· The heat treatment of 900°C for one hour grants better inhibition in 3M HCl.
· The heat treatments of Titanium give a texture which improves the corrosion resistance in 3M HCl medium.
· By heat treating the Titanium at 900°C and achieving CC structure we obtained an inhibition rate of 81% compared to the raw sample, while the treatment at 700 °C achieved only 33.9%.
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