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The electrochemical impedance spectroscopy was used for monitoring the

formation of surface film on a fixtured sintering porous NiTi biomedical alloy in

simulated body fluid (SBF) media during 12 days. Effect of NiTi sintering time on

the formation of surface film in SBF was investigated. The formed surface film

was calcium phosphate hydrate (CPH) with a pillar particulate structure which

was developed to a spongy network with increasing the sintering time. Using

such electrochemical techniques, it was shown that NiTi samples obtained after

3 h sintering at 950 8C, have higher tendency for the formation of a stable CPH

film during the test.

1 Introduction

Nitinol (NiTi) alloys have been used extensively as one of the most

famous shape memory materials since they were introduced in

the late 1970s. Due to their unique shape memory properties,

superelasticity, resistance to fatigue and corrosion, biocompat-

ibility, and bioactivity, they have been utilized in biomedical

applications as implants and prostheses [1–6].

Despite the satisfactory clinical applications of NiTi alloys, its

nickel content should be concerned as a great challenge with

regards to its biocompatibility [7]. Since theoretically Ni may be

released fromNiTi as a result of corrosion [8] and additionally due

to its clinical toxic and allergic influence on human [9–11], it is

necessary to modify the surface of NiTi alloys in order to increase

their biocompatibility and bioactivity [7].

In this respect, various techniques for surface modification

of NiTi alloys have been reported in the literature [12–16], among

which electrochemical techniques have been utilized as relevant

procedures for the formation and monitoring of surface films on

the NiTi alloys [17]. Electrochemical impedance spectroscopy

(EIS) as a widely usedmethod for nondestructive characterization

of surface films, was used for monitoring the interfacial behavior

of the formed layer on the surface of NiTi alloy [18–22].

In this paper, electrochemical techniques were used as

powerful tools for monitoring the formation of surface films on

the NiTi alloy in the simulated body fluid (SBF). In addition, effect

of primary process parameters was investigated on the formation

of final coating.

2 Materials and methods

Nickel and titanium powders with respective particle sizes of 3–5

and 21 mm and equal atomic ratio were blended together for

around 1 h in an eccentric shaker under argon. Cylindrical tablets,

15 mm in diameter and 1.9–2.3 mm in thickness, were made by

bi-axial cold pressing of the mixture under 600 MPa pressure.

Then the samples were sintered at 950 8C in amold. From sample

1 to 4, sintering time changed from 2, 3, 4 to 5 h. Details of

production methods was discussed elsewhere [1].

Sample was polished in ethanolic HNO3 solution by

implying 2 V for 10 min and rinsed with distilled water. Then

samples were immersed in Ringer SBF for 12 days at 37 8C. EIS in
1 k–10 mHz frequency range with three electrode setup by

Autolab1 PGSTAT30 was done in Ringer solution, at 37 8C. EIS
was used for interfacial behavior monitoring. Results of EIS were

fitted to equivalent circuit which is depicted in Fig. 1 [18–20] and

fitted results were presented. Potentiodynamic polarization curve

is also gained in Ringer solution after 1 h immersion. X-ray

diffraction analysis (XRD, Siemens D500, Cu-Ka irradiation) and

scanning electron microscopy (SEM, Philips XL30) were used to

investigate the phases and morphologies of the surface layer

before and after the immersion.

3 Results and discussion

Through the previously mentioned production method [1],

porous NiTi tablets were obtained. In all the samples, B2 and

B190 phases were present and as the sintering time elapsed, the

phases were formed better and more homogeneity was achieved

(Fig. 2a). The XRD results revealed the formation of calcium

phosphate hydrate (CPH) on the surface of NiTi pellets, after the

immersion into the Ringer solution (Fig. 2b). As it is obvious,

different sintering times culminated in the formation of various

amount of CPH on the NiTi samples and as the sintering time

went on, more CPH phase was formed subsequently on the
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