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Abstract

Titanium, which has marked corrosion resistance, can corrode in some fluoride-containing

environments. In this study, the corrosion behavior of titanium in 1 % NaCl + 0~1% NaF solution

(pH=6) under different tensile strains was investigated with the electrochemical impedance

spectroscopy (EIS) measurement technique. The polarization resistance (Rp), which is inversely

proportional to the corrosion rate, of titanium in the test solution was obtained from the EIS data.

Different tensile strains, namely 1, 2, 4, 5 and 10 %, were applied to the test specimens with a
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tensile testing machine during the corrosion tests. Surface chemical analyses were performed with X-ray photoelectron

spectroscopy (XPS), Auger electron spectroscopy (AES), and energy dispersive spectroscopy (EDS). Corrosion

morphology was characterized with scanning electron microscope (SEM). The results show that the NaF concentration

and tensile strain exerted a statistically significant influence on the Rp (p<0.001). The Rp decreased with increasing

NaF concentration and increasing tensile strain. When the NaF concentration was lower than 0.01 %, the high Rp value

was mainly ascribed to the formation of protective titanium dioxide (TiO
2
) on the metal surface. However, when the

NaF concentration was higher than 0.1 %, the protectiveness of TiO
2

was overcome by fluoride ions, leading to

significant corrosion of the titanium. In view of the protection against fluoride ion attack in oral environments, the

study recommends the use of optimal fluoride-containing prophylaxis agents. The effect of tensile strain on the

corrosion resistance of titanium is also discussed.
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Table 1 Polarization resistances, Rp, of titanium under

different tensile strains in 1 % NaCl solution

with different NaF concentrations Mean 

SD, ohm-cm2 .

NaF 

Strain  0 0.001 0.01 0.1 1

0 1153133 116167 896900 58199 690033 1150 10066 1504 1136 94

1 1103233 10220 827200 3579 603900 11112 8846 635 1083 47

2 1030567 62876 767033 44823 566133 28730 8536 419 1063 15

4 753033 14622 557476 13118 345400 23953 7206 310 1003 20

5 400333 16862 255133 8173 109866 13100 6400 458 1053 45

10 360633 2470 228033 9626 75526 691 5153 313 1196 153
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1 NaF 1 % NaCl

Fig.1 Stress vs strain curves of titanium in 1% NaCl

solution with different NaF concentrations.

        

 

 

 

 

 

 

 

  
 
 

 
 

a 1 % NaCl

2 NaF 1 % NaCl

SEM

b 1%NaCl + 0.01%NaF

c 1%NaCl + 0.1% NaF

d 1%NaCl + 1%NaF

Fig. 2  SEM fractography observations of titanium

after tensile tests in 1% NaCl solution with

different NaF concentrations.
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d 1%NaCl + 1%NaF

3    2 

Fig. 3  Higher magnifications of Fig. 2.

a 1%NaCl

b 1%NaCl + 0.01%NaF

c 1%NaCl + 0.1% NaF
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4 NaF 1 %

NaCl EIS a 0 0.001%

NaF ; b 0.1 1% NaF

Fig. 4 The EIS data Nyquist plots of titanium

under different tensile strains in 1% NaCl

solution with different NaF concentrations (a)

0 and 0.001% NaF ; (b) 0.1 and 1% NaF .

5 (a) 0.01 %NaF (b) 1 %NaF 1 %

NaCl 8 SEM

Fig. 5 SEM observations of titanium after 8h

immersion in 1% NaCl with (a) 0.01% NaF

and (b) 1% NaF.



-30-

91 3

6 (a) 0.01 %NaF (b) 1 %NaF 1 %

NaCl 8 XPS

Fig. 6  XPS analyses of titanium after 8h immersion

in 1% NaCl solution with (a) 0.01% NaF and

(b) 1% NaF.

7 (a) (b) 1% NaCl + 1% NaF

8 AES

Fig.7  AES depth profile analyses of titanium after 8h

immersion in (a) air and (b) 1% NaCl +

1%NaF solution.
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