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Pitting Corrosion of TiNi Shape Memory Alloy in Simulated Physiological Solutions

Kee-Joo Kim, Won-Chan Seoc and Woon-Suk Hwang

Department of Metallurgical Engineering, Inha University, Inchon 402-751

The corrosion behavior and pitting mechanism of a TiNi shape memory alloy
were investigated in simulated physiological solutions (0.9% NaCl sol.) at a con-
stant temperature of 37°C. The critical pitting potential of TiNi alloy was ob-
tained as 0.13V(vs. SCE) by the potentiodynamic polarization measurements. And
pitting susceptibility of TiNi alloy was much higher than that of pure titanium,
but lower than that of pure nickel. It was found that the passive film on a TiNi
surface was composed mainly of TiO; and minimally Ni{(OH), by XPS analysis.
These results show that the dissolution rate of passive film and pit nucleation
process of TiNi are related to the film composition and existence of Ni(OH),. By
SEM and AES analysis, it was observed that titanium carbide was present within
every pit. It seems that a titanium carbide precipitate near the surface promotes a
pit nucleation as an unstabilizer for passive film. The result of galvanic corrosion
test of a TiNi/TiC couple shows that TiC acts as a cathode and raises the potential
of TiNi over the critical pitting potential. It was proposed that pitting corrosion
of TiNi shape memory alloy in simulated physiological solutions is initiated by the
reduction of TiO; near titanium carbide, and Ti is dissolved to Ti** and Ni to Ni?
* inside pits during the pit growth. As a result of hydrolysis reaction of dissolved
Ti** with H;0 (Ti** 4+ 2H,0—TiO,+4H™" +e), pH in pits decreases, and therefore
pits can grow autocatalytically.
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Table 1. Chemical compositions and physical prop-
erties of the specimer

Shape 1.2mm thick Sheet

Chemical Ni 55.96% , C 0.052%
Composition (Ti4g {Nigg o)
Transformation M, 239K A, 279 K
Temperature M; 206.5K A; 306 K

Heat Treatment 1,323K x 2 hr (107* torr)
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Fig. 1. Schematic diagram of the specimen holder.
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Fig. 2. Variation of the open circuit potential with
time for TiNi alloy in deaerated 0.9% NaCl solution
at 37¢C.
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Fig. 3. Effects of pH of simulated physiological so-
lutions on the open circuit potential of TiNi alloy.
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Fig. 4. Potentiodynamic polarization curves for
TiNi alloy in simulated physiological solution(37<C.
0.9% NaC!)
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Fig. 5. Comparison of anodic polarization bevavior
and pitting susceptability between pure Ti, pure
Ni, and TiNi alloy in simulated physiological solution
(37°C, 0.9% NaCl).
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Fig. 6. Effects of pH of simulated physiological so-

lutions cn potentiodynamic polarization character-
istics of TiNi alloy.
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Fig. 7. Effects of NaCl concentrations on
potentiodynamic polarization characteristics of
TiNi alloy.

0.7

06 -'\

~
g
% 05 \ |
US - i
g )
o
204
s
=
¢ 03
2
o
a
£ ozf
3
2
T L
0l f \
0.0 n . 4

NaCl CONC. (%)

Fig. 8. Variation of pitting potential with NaCl
concentrations.

glo] NaClgsolMe 5271 T4agd wet F
A7 FA8 Fiste] & HPelME 0.1%
okl M Fale] LA ¥ken, 35%
NaClg Egste Zosis@7aAe] a4
= 0.05V(vs. SCE)%t}.

Fig. 9= AaAd4$ F TiAV)O) L 59
e 5HY EIFE4H 2 FHAA HEE 4



94 FFPARHA 253

A 1&A 1996. 3

0.8

07t —0 mM .

oof T 00mM

05+ —03mM e
PR 0.4 mM : P
03l

Potential (V vs. sce)

~0.4 b " e . s, i, il

10°'° 107 10°* 1077 10°* 10°® 107* 10-®

Current density (A/cm?)

Fig. 9. Effects of Ti(}V) ion concentrations on
potentiodynamic polarization characteristics of
TiNi alloy.
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Fig. 10. Depth profiles on the surface of TiNi alloy
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Fig. 13. SEM images of pits formed on TiNi alloy after potenfciodynamic polarization in simulated physiological
solutions(0.9% NaCl, 37°C). Each final current density was (a) 60uA/cm? (b) 80pA/cm? (¢) 150 uA/cm?

(d) 300zA/cm?
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Fig. 14. SEM image of the inside of pit.
(a) titanium carbide (b),(c) corrosion products.
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Fig. 16. Pitting model of TiNi alloy in simulated physiological solutions. (a) before pit nucleation (b) pit nucleation

(¢) pit growth
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