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Abstract. Titanium is used in the medical prostheses but its expenslve cost limits its use, A solution to this 
problem is to alloy it with copper. In this optic, we have elaborated the binary TilOCulOund have anodically treated 
it in three acidic solutions. XRD, chronocoulometry and pO!enliodynami~ polarization techniques are- to 
study the corrosion behaviour ofT!'oCu3o alloy in three solutions, Different such as anodic treatment 
and copper addition on titanium been examinaled, This study revealed that TI7oCu3o alloy resists better to 
corrosion in phosphoric acid before and after anodic treatment. Addition of 30at. % of copper has lead to a denser 
material with more noble corrosion potential and a cheap cost than titanium, 

1. Introduction 

Titanium and its alloys are widely employed in 
(Biomedical, aeronautic and 

optical devices ... ) [I, 2, In 
with their excellent mechanical 

these materials present a con'osion 
resistance [J, even In very aggressive 
environments [7] as those containing chloride ions or 
in strongly acid This is due to the 
spontaneous formation of [1, 8-13] which 
is very stable chemically; its native thickness is in the 
order of few nm, but it can be increased by 
anodic oxidation Anodising titanium and its 

has been by a wide range 
of parameters [1 including also the contribution of 
the components, e.g. anions, in the 
formation of anod IC fi Ims [1 However, 

accelerates the corrosion reaction and 
film dissolution [1 0-12J and makes non 

the Ti02 oxide layer [13], 
Titanium and its have been the subject of 

many in acid for example, in 
sulphuric acid environment [II, 15-19] in which the 
passivation is enhanced by the presence of the 

ions; in hydrochloric acid environment [20, 
21] in which the phenomenon of pitting predominates 
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and finally in phosphoric acid [14] where an active
behaviour is observed. 

The aim of this work is the study of the anodic 
treatment effect on the of Ti7oCu3o alloy 

perchloric and nitric acids, The 
of this anodic 
film time 

immersion 

2. Experimental 

Electrochemical measurements were made at 25° 
a ce II aerated IN orthophosphoric, 

or nitric acid. Ti (purity Aldrich) 
and Cu (Panreac, 8.96 density) were mixed in the 
appropriate proportions to obtain the ThoCu3o alloy. 
The mixture is arc melted in a furnace BUHLER 
MAMI under argon By 
with a homogenisation of the sample, its fusion was 

three times. The reference electrode was a 
saturated calomel electrode which all 
potentials are referred to it. A electrode was 
used as the counter electrode, The specimen was 
electrically connected to a copper wire and then 
imbedded into a dental resin. Before measurements 
were taken, the electrode was polished with 
emery paper, washed thoroughly with distilled water 
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3. Characterization of Ti7oCu3o alloy 
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Fig.l. XRD pattern of Ti7oCu]o alloy (.) Ti2Cu, (A) TiOo,48 

Table.1. Crystallographic parameters of Ti,oCu]o alloy 

Chemical Crystal a(A 0) 

formula system 

Tetragonal 2.9438 

and it was immediately immersed in the test solution. 
Corrosion measurements were performed with a 
computer-controlled potentiostat PGP 201, using 
Volta Master4.0 software. The tests were executed in 
the following order. First, OCP was monitored for 
30min to establish a steady state open circuit potential. 
Then, without withdrawing the electrode from the 
corrosive acid solution, a constant potential of O.4V 
has been applied to the interface Ti7oCu3o Icorrosive 
solution, during 30 min in the same time 
chronocoulogram has been recorded. When the record 
of chronocoulogram is achieved the OCP was 
monitored again for 10 min. Finally, after all these 
steps, the anodic polarization was monitored at a scan 
rate of ) m Vis. During This protocol the temperature 
has been maintained constant at 25 ± 1°C. To be able 
to compare the alloy passivation after anodic treatment 
in relation to the one in absence of this treatment, 
another protocol consisting in the follow up of the free 

2.9438 10.786 1 90 5.66 

potential during 30min and the anodic polarization, 
with a potential scan rate of 1m Vis have been applied 
to the Ti7oCu3o I corrosive solution, at 25°C. 

4. Results and discussion 

4.1. Curves of chronocoulometry (anodic 
treatment) 

Figure 2 shows the chronocoulogram curves of 
Ti7oCu3o immersed in I N aqueous solutions of H3P04, 

HCI04 and HN03, at 25 0 C. 
Figure 2 represents the chronocoulograms of Ti70 

CU30 aIloy- It has be seen from this figure that the 
current quantity consumes at O.4V/SCE by this binary 
are more important in perchloric acid (263mC/cm 2

) 

than those in phosphoric acid (II mC/cm2
) and nitric 

acid (l30mC/cm2
) at 25° C. Therefore, Ti7oCu3o alloy 

is more reactive in perchloric solution_ This 
observation shows clearly that the passive film 
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fo~ed in perchloric acid is thicker than those formed 
in phosphoric and nitric acids; for the reason that, the 
faradic current increases in the same sense that the 
current quantities with the passive film thickness. 
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Fig. 2. Chronocoulogram curves of Ti,oCuJO immersed in IN 
aqueous solutions of HJPO., HCIO. and HNOJ, at 25°C. 
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Fig. 3. Curves of free potentials of Ti,oCuJoIcorrosive solution 
interface at 25°C, (a): before anodic treatment, (b): after 
anodic treatment. 

4.2 Effect of anodic treatment on Ti7oCu3o alloy 
free potential 

Figure (3) shows the variation of OCP with time 
of Ti7oCu3o immersed in ] N aqueous solutions of 
H3P04 , HCI04 and HN03, before and after anodic 
treatment. 

In all studied acids, the ocr of Ti7oCu3o alloy is 
steady before anodic treatment. It stabilizes after 
1800 s in phosphoric acid at -0.21 V (SCE), in 
perchloric acid at -0.24 V (SCE) and in nitric acid at 
-0.37 V (SCE) (Fig.3a). Fig.3b shows that anodic 
treatment has no effect on free potential of Ti7oCu3o 
alloy in nitric acid; but it has displaced the free 
potential of binary in more cathodic value in 
perchloric acid. In phosphoric acid, the free potential 
of Ti7oCu3o alloy decreases continuously attesting that 
the passive film is unsteady. In phosphoric acid, the 
treatment has led to a passive film more anodic than 
those obtained in nitric and perchloric acids. But, this 
film at open circuit becomes less anodic, and its OCP 
shifts slowly towards less positive value. Despite this 
displacement of the potential remains more anodic 
than those formed in nitric and perchloric acids. In 
conclusion, in closed circuit, the phosphoric acid IS 

more adequate to the passivation ofTi7oCu3o. 

4.3. Effect of anodic treatment on potentiodynamic 
polarization curves of ThoCuJO 

In fact most studies found in the literature are 
based on Ti, with the exception of few investigations 
such as potentiostatic investigations of the 
electrochemical behavior in sulphuric media of Ti
Cu alloys (Cu < 20 wt.%) have been carried out. 
With increasing copper content in the alloys, Tafel 
slopes decrease and potentials are shifted in the noble 
direction . The simultaneous dissolution of copper and 
titanium in the alloy Ti-20% Cu was observed by 
maintenance the potential at -0 .6 V /SCE [22]. 
Lafargue et al. [22] showed that electrochemical 
study of Ti-Cu (2%) alloy has been performed in 
H2S04 2.5M showed that the shape of the 

polarization curves was closer to that of the pure 
titanium unti I the passivation peak was reached. 
Differences occurred in the passive domain where a 
new hump appeared at -IOmV/SCE, and was 

essentially attributed to dissolution of surface copper. 
Khadiri et al. [l] showed that Ti-Cu (2%) in 
phosphoric acid can resists to corrosion in a wide 
temperature range and that its dissolution / 
passivation is governed by the Calandra-MUller 
model which states that the passivation of the meta] 
is based on the formation of an insoluble film on the 
metal surface. The film formed is porous, as 
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predicted by Calandra-Muller model , and allow 
metal dissolution through the pore of the oxide layer 
[23]. Hodgson et al. [24] show that phosphate ions 
react with the oxide surface to form Ti-phosphates . 
Khadiri and Krasicka-Cydzik [1, 14] have been 
revealed that pure titanium resists to corrosion in 
phosphoric acid. Fig.4 shows that Ti70Cu30 alloy is 
more resistant to corrosion in J N H3 P04 acid, at 
25° C. The anodic treatment returned this alloy 
quasi passive in perchloric acid, and revealed an 
inflection point on the stage of passivation in 
phosphoric acid. We attribute this new oxidation to 
the formation of copper effect on the properties of 
titanium but it has a positive one because potential is 
shifted in the anodic direction and less cost. Ti7oCu3o 
alloy is denser (5.66g/cm3

) than pure titanium 
(4 .50g/cm\ 

Table 2 reports the electrochemical parameters of 
the studied alloy, deduced from Tafel method . As 
reported in the first column (Before anodic 
treatment), the E cor in perchloric acid is the noblest. 
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However, after anodic treatment, a cathodic shift of -
97mY in HCI04 and -56 mY in HN03 are 

observed; so, the corrosion potential varied with the 
anodic treatment. In all studied acids, the anodic 
treatment is very significant because it lowers the 
corrosion current densities values; especially in IN 
H3P04 where it decreases from 5.95 IlAlcm2 to 1.49 
IlA/cm2. 

Conclusion 

In this work it has been shown that Ti7oCu3o alloy 
resists better to corrosion in phosphoric acid such as 
pure titanium, this is can be explained if we consider 
the properties of the phosphate film which cover the 
oxide surface and inhibits its dissolution. pol ions 
interact with the surface of Ti02 to form Ti
phosphates. However, the alloy develops a thicker 
film in perchloric acid than those formed in 
phosphoric and nitric acids (significant current 
quantities consumed). It seems that this film is 
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Fig. 4. Potentiodynamic polarization curves of Ti,oCu 3o I corrosive solution interface at 25° C, (a): before anodic treatment 
(b):after anodic treatment. 

Table 2. Electrochemical parameters of Ti,oCu3o alloy in various aCid media I N 
Before anodic treatment After anodic treatment 

Mediums at 25° C at 25° C 

E,", /mVI i.-o"flA R. P .1 p, 1 E,o,1 mVf i.-o,/IlA Rp/ P ,I p,1 
SCE Icm 1 IkO.cm 1 mV/dec mV/dec SCE fcm 2 kO.cm 2 mV/dec mV/dec 

H)PO, -315 5.95 18.33 490 -148 -337 1.49 5.76 315 -205 

HCIO, -267 33.66 1.13 940 - 141 -364 16.84 9.34 585 -540 

HNO) -348 13 .51 5.4~ 567 -355 -404 6.15 9.39 307 -353 
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porous and allows metal dissolution through the pore 
of the oxide layer but the film formed in the 
phosphoric acid is more compact Anodic treatment 
lowers the cathodic branches, decreases the 
passivation and corrosion current densities and shifts 
the corrosion potential towards more negative values. 
The addition of 30% Cu to pure titanium shifts the 
potential in the anodic direction. alloy is 
denser than pure titanium. 
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