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Figure 1: Variation of Eb and Ep as a function of temperature 
(Nitinol). 
 
 

 
Figure 2: Variation of Icorr as a function of temperature 
(Nitinol). 
 
 

 
Figure 3: Polarization curves for Nitinol tested  at 10°C and 
80°C. 

 
These results suggest that temperature affects Nitinol’s ability 
to repassivate. However, no other significant effects, such as 
on the corrosion rate of the material, were observed with a 
change in temperature. 
 
In another study, Sun, et. al. studied the effect of temperature 
(25°C-65°C) on the passive current density and pitting 
potential of electropolished NiTi in Ringer’s solution [5]. 
Their results show an increase in the passive current density 
and a decrease in the breakdown potential as a function of 
temperature.  Unfortunately, they did not publish the raw data 
and did not mention the sample size studied so we cannot 
conclude on the significance of these results.  Furthermore, 
significant noise in their data suggests that the surface 
treatment or the test set-up were not optimized. 
 
The corrosion test results of stainless steel tested between 
10°C and 80°C are presented in Table 2 and in Figures 4 and 
5. Typical polarization curves for stainless steel tested at 10°C 
and 80°C are presented in Figure 6 to illustrate the shift in the 
diffeent parameters. 
 
As the temperature is increased, a shift in the polarization 
curve toward lower potentials, similar to the one observed for 
NiTi, is seen for stainless steel.  However, as opposed to NiTi, 
the breakdown potential of the oxide layer (Eb) does not 
correspond to the potential for oxygen evolution.  
Consequently, variation of Eb indicates a change of the 
corrosion resistance of the material to localize corrosion.   
 
Table 2: Corrosion test results for stainless steel at different 
temperatures (mean±SD) 
 

Temp. 
°C  

Eb 
mV vs 
SCE 

Ep 
mV vs 
SCE 

Icorr 
nA/cm2 

 
10 890±18 n/a 4±2 
20 917±50 156±16* 2±1 
37 596±86 n/a 3±1 
50 740±128 n/a 4±1 
60 761±188 n/a 9±3 
70 635±135 n/a 9±1 
80 650±67 -447** 29±6 

*2 of 3 samples repassivated 
**1 of 3 samples repassivated 
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Figure 4: Variation of Eb as a function of tempera-
ture(stainless steel). 
 

 
 
Figure 5: Variation of Icorr as a function of temperature 
(stainless steel). 
 
The distribution Eb as a function of temperature suggests that 
Eb is greater for the 10°C and 20°C groups than for the 37°C -
80°C groups (refer to Figure 4).  It is important to note that as 
opposed to NiTi, only a few stainless steel’s samples were 
able to repassivate after the breakdown potential.  This result 
sugests that stainless steel is less able to repassiavte it’s 
surface and is more susceptible to crevice corrosion then NiTi. 
Analysis of the variation of Icorr as a function of temperature 
reveals a strong correlation between the two variables.  In 
contrast to NiTi, stainless steel’s corrosion current density 
(and therefore corrosion rate) increases exponentially as a 
function of temperature.  This result suggests that stainless 
steel corrosion rate may be controlled by the metal oxidation 
process and that it may follow Arrhenius law. 
 
These results indicate that stainless steel’s corrosion rate is 
significantly affected by temperature. However, no other 
significant effects were observed by a change in temperature. 
 

 

 
 
Figure 6: Polarization curves for stainless steel tested at 10°C 
and 80°C. 
 
These results suggest that Nitinol and stainless steel have 
different corrosion mechanisms (localized corrosion vs 
uniform corrosion processes respectively) that are affected by 
an increased in temperature. 
 
Effect of pH 
A summary of the corrosion resistance of Nitinol tested at pH 
of 1.0, 7.4 and 9.0 is presented in Table 3 and in Figure 7. 
 
Polarization of NiTi in Hank’s solution at a pH of 1 resulted in 
a shift of the curve toward greater values of potential.  Similar 
to the previous study, Eb coincides with oxygen evolution.  
Therefore, the small shift in Eb can be related to a change in 
the potential at which oxygen is being produced in the 
solution.  This result is in agreement with the Pourbaix 
diagram for water: more acidic pH shifts the oxygen evolution 
reaction to higher potrntisl [6]. The variation in Ep is similar to 
Eb so the ability to repassivate of the material is not affected. 
No significant difference could be found between the samples 
tested at 7.4 and 9.0.  Furthermore, no significant differences 
were found in the corrosion current densities between all 
groups. 
 
Table 3: Corrosion test results for Nitinol at different pH 
(mean±SD) 
 

pH  Eb 
mV vs 
SCE 

Ep 
mV vs 
SCE 

Icorr 
nA/cm2 

 
1.0 1334±7 1287±6 11±3 
7.4 1079±10 925±6 6±1 
9.0 1063±4 943±35 6±1 

  
 



Proceedings of ASM Materials & Processes for Medical Devices Conference, eds: M. Helmus and D. Medlin, 392-397  
(2005).  
 

 
 

Figure 7: Polarization curves for Nitinol tested at 10°C and 
80°C. 

 
Therefore, except for a change in the potential for oxygen 
evolution, the corrosion resistance of NiTi was not 
significantly affected by a variation in pH.  This result is in 
agreement with the findings from another study showing that 
titanium is passive down to a pH of 0 in HCl solution [7].  
Electropolished NiTi is protected by a titanium oxide layer 
similar to the one found on titanium which may explain the 
similar resistance to corrosion in low pH solutions containing 
chloride ions. 
 
The corrosion test results for stainless steel tested at pH of 1.0, 
7.4 and 9.0 are presented in Table 4 and in Figure 8. 
 
Table 4: Corrosion test results for stainless steel at different 
pH (mean±SD) 
 

pH  Eb 
mV vs 
SCE 

Ep 
mV vs 
SCE 

Icorr 
nA/cm2 

 
1.0 392±19 -42±75* 115±99 
7.4 871±89 n/a 12±9 
9.0 786±94 n/a 13±2 

   *3 of 4 samples repassivate 
 

 
 

Figure 8: Polarization curves for stainless steel tested at pH 
of 1.0, 7.4 and 9.0. 

 
 
The polarization curves obtained for stainless steel tested at a 
pH of 1.0 indicate that the material was strongly affected by 
the difference in pH.  A significant decrease in the breakdown 
potential and increase in the corrosion current density (which 
translates to corrosion rates) of the specimens were observed.  
It is interesting to note that although the general corrosion 
resistance of the material was severely deteriorated by 
exposure to the acidic solution, the material was able to 
repassivate (presence of Ep). Repassivation may have been 
possible because the samples in this group were polarized to 
low potentials. Repassivation of the material at a pH of 7.4 
and 9.0 was not observed. Increase in the pH up to 9.0 did not 
affect the corrosion resistance of the material.   
 
Thus, these results indicate that both uniform corrosion rate 
and localized corrosion are affected by a decrease in pH.  
These results for 316L stainless steel are in agreement with the 
results obtained in a previous study performed on iron in HCl 
solution.  The results from that study showed that iron’s 
corrosion rate was fast at pH lower than 3 [8]. 
 
A recent study performed by Huang, investigating the effect of 
stress and pH in acid artificial saliva (pH of 2 and 5) on the 
corrosion resistance of NiTi and stainless steel orthodontic 
archwires, found different results [9].  The investigator found 
that pH had a significant detrimental effect on the pitting 
potential, protection potential and passive current density for 
both NiTi and stainless steel specimens.  The differences in 
our results can be explained by the different surface finish of 
our specimens which were electropolished.  The Nitinol used 
in Huang’s study exhibited a very rough surface characteristic 
of as-drawn non-passivated Nitinol. As several previous 
studies have shown, electropolished Nitinol possess superior 
corrosion resistance compared to other surface treatment 
which protects the material against aggressive environments 
[10,11,12]. 
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These results suggest that Nitinol and stainless steel are 
affected differently by a decrease in pH.  The titanium oxide 
layer on Nitinol appears more resistant to pH than the 
chromium oxide covering stainless steel. 
 

Conclusions 
 

This study investigated the effect of temperature and pH on 
the corrosion resistance of passivated Nitinol and stainless 
steel implant materials. Our results show that: 
• An increase in temperature affects Nitinol’s resistance to 

localized corrosion by lowering it’s ability to repassivate. 
The uniform corrosion rate of the material was not 
affected by temperature. 

• stainless steel’s uniform corrosion resistance (corrosion 
rate), however, is significantly affected by temperature. 
No significant effects were observed the resistance of the 
material to localized corrosion (pittung). 

• Except for a change in the potential for oxygen evolution, 
the corrosion resistance of NiTi was not significantly 
affected by a variation in pH.   

• Both uniform corrosion resistance and localized corrosion 
(pitting) are affected by a decrease in pH.   
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