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The main goal of the proposed paper is to present the results of the nitrogen ion implantation effects on
mechanical and corrosion properties of NiTi shape memory alloy. Local pseudoelasticity phenomena of NiTi
were determined using the ultra-low load applied system. The load—penetration depth curves show that lower
nitrogen fluence improves mechanical properties in the near surface layer but higher ion fluence leads to degradation
of pseudoelasticity properties. Corrosion resistance of NiTi in the Ringer solution was evaluated by means of
electrochemical methods. The results of potentiodynamic measurements in the anodic range for implanted NiTi
indicate a decrease of passive current density range in comparison with non-treated NiTi, without any signs related
to Ni release. The results of impedance measurements recorded at the corrosion potential show a capacitive
behaviour for all samples without clear predominance of one of them. It can be explained by the fact that this
result concerns the first stage of corrosion exposition. It is shown that nitrogen ion implantation leads to formation

of modified surface of improved physicochemical properties.

DOI: 10.12693/APhysPolA.132.210
PACS /topics: 62.20.fg, 81.40.Jj, 61.72.U-, 61.72.-y

1. Introduction

NiTi alloy (Nitinol) is a well-known and well-
established smart material which has been widely used
in both non-medical [1] and medical applications 2] due
to its extraordinary and unique properties such as shape
memory effect (SME), pseudoelasticity (PE) and good bi-
ocompatibility. These properties are a result of reversible
martensitic transformation in the shape memory materi-
als 3, 4]. A wide range of NiTi application leads to the
increase of the role of their surface [5, 6]. The issue of
shape memory alloy (SMA) surface modification in the
context of improving its characteristics on the one hand,
and maintenance of their functional properties (SME and
PE) on the other hand, is a subject of research and deve-
lopment [7, 8]. Advanced micromechanical devices need
the study of micro- and nanoscale functional-behaviour
of SMAs. The method used to disclose small-scale me-
chanical properties of materials is the indentation test
(in micro- and nanoscales). The indentation process cre-
ates high stress under the indenter and can induce a
phase transformation in SMAs and initiate pseudoelas-
ticity phenomena.

Due to the high content of Ni atoms (around 50%), in
the case of biomedical applications much attention has
been paid to the surface modification of NiTi SMA to
suppress the content of Ni in the superficial layer of the
surface. In general, NiTi alloys are considered as the
corrosion resistant material due to formation of titanium
oxide layer but a risk of release of Ni ions creates a pro-
blem due to their toxicity [9]. The results of corrosion
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tests of NiTi alloys presented in majority of publicati-
ons are based on analytical procedures or electrochemical
methods. The latter are mainly recorded in the poten-
tiodynamic mode [10, 11]. From the course of polariza-
tion curves a susceptibility to pitting corrosion is usually
assessed [12, 13]. Some authors calculated corrosion cur-
rents from the extrapolation of the Tafel slopes [14, 15].
A growing number of papers published recently [16] des-
cribes an electrochemical impedance spectroscopy (EIS)
as a tool for evaluation of surface properties, usually for
short-time immersion, not exceeding 60 min. The main
information obtained from these results concerns charac-
teristics of the oxide film consisting of a porous outer
layer and an inner-barrier layer similarly to the bi-layered
film structure found on Ti alloys. The values of resistive—
capacitive parameters represent the protective properties
of the film [16, 17]. Electrochemical measurements are
performed in simulated body fluids (SBF), mainly so-
called Hank solutions, Ringer solutions, artificial saliva,
as well as 0.9% NaCl and other similar media. The chemi-
cal content of these solutions slightly differs even within
a solution type but the major corrosion agent which is
chloride ion is common for all types of SBF.

In our previous work [18], it was demonstrated that
N ion implantation suppressed Ni ions release and also
caused change not only in a thin ion implanted layer,
but also in the bulk material. However, the local pseu-
doelasticity phenomena and corrosion resistance are not
well understood. Hence, in the present work, the effect
of N implantation on the surface characteristics, inden-
tation response (local pseudoelasticity phenomena) and
corrosion behaviour of NiTi alloy has been investigated.

2. Experimental details

The material used in our experiment is a commer-
cial Ni-50.7%Ti alloy (Nitinol) in the sheet appearance
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(2.2 mm thick) produced by Memory Metalle GmbH,
Germany in the flat annealed form (in the austenitic (A)
form). The sheet was cut into 5 mmx 10 mm flat samples.
Prior to ion implantation, the surface of samples was me-
chanically polished using a polish diamond compound
(9, 3, 1 um) and finished with the Al,O3 suspension.
Nitrogen ion implantation was performed using a typi-
cal semi-industrial implanter IMJON (Institute of Fun-
damental Technological Research, PAS, Warsaw) with
the energy 50 keV, at two fluences: D1 = 10'7 cm™2
and D2 = 14 x 10'® cm™2. The evolution of the sam-
ple temperatures as a function of time during implan-
tation was as follows: the temperature of the samples
starts from room temperature, then monotonically incre-
ases and achieves values of 164 °C and 189 °C for doses D1
and D2, respectively, at the end of implantation process.
As the phase transformation in NiTi can be also ther-
mally induced, differential scanning calorimetry (DSC,
Pyris-1) was used to specify the characteristic tempera-
tures (phase transformation temperatures) As, Af, Ms,
Mf. The definitions of these temperatures are as fol-
lows: As — start of austenitic phase formation in the
heating process (B19’ — B2), Af — finish of austeni-
tic phase formation in the heating process (B19' — B2),
Ms — start of martensitic phase formation in the cooling
process (B2 — B19’), Mf — finish of martensitic phase
formation in the cooling process (B2 — B19').

The effect of ion implantation on mechanical properties
(local superelasticity phenomena) was determined using
a commercially available ultra-low load indentation sy-
stem, the Nano Indenter (CSM Instruments SA, Swit-
zerland). In the majority of nano- and micro-indentation
tests reported in the literature [19] sharp indenters (Vic-
kers, Berkovich) are applied and the Young modulus and
hardness are specified using the Oliver—Pharr method.
However, this method was originally derived for elastic—
plastic materials and in the case of shape memory alloys
its results should be interpreted very carefully as these
materials exhibit completely different stress—strain beha-
viour from that of the elastic—plastic materials. In the
presented indentation test diamond spherical tips of dif-
ferent radii (200, 20, and 2 um) were applied. When the
radius of spherical tip decreases, the stress state is more
localized. In the case of the smallest tip (R = 2 pm)
the stress concentration is practically confined to thin
layer [20]. The concentration is strictly controlled by the
penetration depth. However, this kind of tips does not in-
duce exhaustive stress concentrations the so-called sharp
indenters (Vickers, Berkovich) that due to sharp edges
cause large strains, even for small penetration depths at
the beginning of indentation test. When SMA in the
austenitic state is indented with a sharp indenter, a local
plastic deformation takes place practically at the start
of indentation test and closed hysteresis loops resulting
from the phase transformation cannot been observed. For
this reason, the spherical indenter was used in our stu-
dies. The micro- and nanoindentation tests were applied
to observe a local phase transformation and superelasti-

city phenomena in different scales i.e. when the deforma-
tions are induced mainly in the thin implanted layer, in
the layer and substrate and mainly in the substrate. The
variation of load—penetration depth curves was analyzed.
The following indentation tests were performed:

1) Microindentation test with the spherical indenter of
R =200 pm, for the loads 4 N.

2) A more shallow near-surface zone was investigated
using the spherical indenter of the smaller radius, R =
20 pm, for the loads 250 mN.

3) Nanoindentation test with the spherical indenter of
the radius R = 2 pm for the loads 0.5 mN and 1 mN.

All indentation experiments were performed at room
temperature. The holding time for indentation measure-
ments accounted for two seconds.

Electrochemical measurements are performed in the
Ringer solution of the composition: NaCl 8.6 g/l, KCl
0.3 g/1, CaCly 0.243 g/1. The pH of the solution is equal
to 5.7. The three-electrode electrochemical cell compo-
sed of the working electrode i.e. the test sample of the
area 0.38 cm? exposed to the solution, the saturated ca-
lomel electrode (SCE) as the reference electrode and the
platinum mesh as the auxiliary electrode was used. Impe-
dance measurements and data analysis were made using
SolartronTransfer Function Analyser / Electrochemical
Interface 1260/1287 with the software Corrware, Cor-
rview, Zplot, ZView. The impedance measurements were
performed in the frequency range 10°—10~2 Hz under the
amplitude of the sinusoidal signal 10 mV and DC main-
tained at the value of the stationary potential attained
after 1 h of immersion in the Ringer solution.

Wide angle X-ray scattering (WAXS) measurements
were performed using the Bruker D8 Discover (Germany)
diffractometer operating at the voltage 40 kV and the cur-
rent 40 mA. Cu K, radiation was used (A = 1.5406 A).
Measurements were performed in the reflection mode,
using the Bragg—Brentano geometry, with focusing op-
tics composed of the Goebel mirror with the deflection
0.677° and 0.3 mm circular slit and 0.3 mm collimator.
The highly sensitive Lynx Eye 1-D silicon strip detector
was used in the continuous scan mode. The scans were
performed in the grazing incidence mode at the constant
angle of incident beam, w, in the range 0—10° with the
0.25° increment. Measurements were done in the dif-
fraction angle range, 26, 30—65° at the sampling rate
0.5 s per point. Prior to the grazing incidence measu-
rements, precise position of the sample was determined
from the measurements at a low angle of incident beam
(w = 1°) while varying position of the sample in the di-
rection normal to the sample surface, axis. The sample
position was determined as “characterized by the maxi-
mum intensity from the 110 austenite diffraction peak”.

3. Results and discussion

It is known that NiTi of SMAs exhibit three different
phases: B2 austenite (A), monoclinic B19" martensite
(M) and trigonal R-phase (R) [3]. Under the solution-
treated conditions, near-equiatomic NiTi alloys, typically
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containing 49-51 at.% Ni, exhibit a single-stage trans-
formation between the B2 austenite and the B19’ mar-
tensite. Under certain conditions (thermal cycling, cold
working, partial annealing and ageing), the R-phase can
appear between austenite and martensite. Among these
three phases, several transformation sequences are possi-
ble, with various combinations of: A-R, A-M, and R-M
transformations [3, 4]. Phase transformation from auste-
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Fig. 1.
planted (D1 = 10'" cm™2 and D2 = 10"® em™2) NiTi (b).

The determined transformation temperatures of non-
implanted NiTi: Ms = 15.9°C, Mf = —1.6°C, As =
3°C, 4Af = 19.5°C are shown in Fig. la. At room tem-
perature this material is in the austenitic state and exhi-
bits pseudoelastic properties. For the sample implanted
with the fluence D1, the calorimetric analysis (Fig. 1b)
showed that during cooling from the high temperature
phase, the forward transformation starts at Ms = 25°C,
and ends at 5°C (M f — at which formation of marten-
site is completed). The reverse transformation starts at
As = 12°C and ends at Af = 22°C. A similar trend is
observed for the implanted fluence D2, and the charac-
teristic transformation temperatures are the following:
Ms =36°C, Mf =26°C, As = 34°C and Af = 40°C.
After the irradiation process all temperatures of mar-
tensite transformation (start/finish) are shifted to higher
values. The change of transformation temperatures can
be attributed to the formation of a complex structure in
the near-surface region after the ion implantation, addi-
tionally — to the influence of increase in the temperature
due to beam irradiation. The temperature of the sam-
ples starts from room temperature, then monotonically
increases and achieves the values of 170 °C and 240 °C for
the doses D1 and D2 fluences, respectively at the end of
implantation process.

Figure 2 presents the indentation curves in diffe-
rent scales for non-implanted and ion implanted (D1 =
107 em=2, D2 = 10'® cm~?) NiTi. Figure 2a shows the
different response in the indentation test (R = 200 pm)

Temperature, °C

nite (high temperature phase-stable under low stress, in
a cubic form with B2 symmetry) to martensite (phase-
stable under adequate higher stress conditions, monocli-
nic form with B19’ symmetry) can be induced in SMAs
above the Af temperature by loading material to exceed
the critical value of transformation stress. The reverse
phase transformation from martensite to austenite is ob-
served when material is unloaded.
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Characteristic temperatures obtained by the DSC test for the non-implanted NiTi (a) and nitrogen ion im-

of non-implanted NiTi and the samples implanted with
nitrogen D1 and D2 fluences. Slight stiffening for D1
ion implanted NiTi is noted. It can be observed that
the latter exhibits a greater compliance. In addition, the
area between the loading and unloading curve (hysteresis
loop) is much wider in the case of D2 dose implanted sam-
ple. The occurrence of residual penetration depth on the
D2 ion implanted samples indicates that the tested ma-
terial does not exhibit pseudoelastic properties. For the
dose D1 implanted sample the shape of load—penetration
curves is closer to that observed for the virgin sample in
the austenitic state. This can be a result of the austenitic
phase content, that is greater in the D1 sample than in
the D2 one, as for the D1 sample Af is closer to room
temperature. The shape of unloading curves and the resi-
dual penetration depth observed in Fig. 2a indicate that
a phase transformation process occurs in the indentation
test but it is not completed.

The difference between the indentation curves corre-
sponding to the low and high fluence implanted samples
is greater for indentation performed with a tip of smaller
radius, where the penetration depth is only twice larger
than the thickness of modified layer [18, 21] (Fig. 2b).
For 250 mN loads there are observed the residual pene-
tration depths that are greater for higher implantation
D2 fluence. Thus the material implanted with smaller
D1 fluence is much stiffer than that implanted with D2
fluence. Nevertheless the shape of load—penetration cur-
ves is similar to closed loops, and in the case of fluence
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Fig. 2. Indentation curves in different scales: (a) a sp-
herical tipped indenter R = 200 pm, (b) a spherical tip-
ped indenter R = 20 pm, (c) a spherical tipped indenter
R = 2 pm — for the non-implanted and ion implanted
(D1 =10 em™2, D2 = 10*® cm™2) NiTi alloy.

D2 implanted samples a larger area is enclosed between
loading and unloading curves. The results of microinden-
tation tests discussed above should take into considera-
tion the indented material as a kind of composite surface
layer-bulk material where both components influence the
shape of load—penetration curve. The ratio of surface
layer volume and substrate volume engaged in each test
depends on the tip radius and penetration depth. The
results of microindentation test indicate that the stiffness
of the indented material decreases if one of the implanted
ions fluences increases. This effect should be attributed
to the change of bulk material properties rather than
the modification of thin surface layer, as the penetration
depth is generally much greater than the modified layer
thickness. However, one can notice some effects of the
layer modification that are consistent with the observa-
tion presented in other works [22, 23].

The most distinct difference between the load—
penetration curves for implanted with D1 fluence and
non-implanted NiTi can be observed in Fig. 2c. The im-
planted surface exhibits much higher stiffness and am-
nesia of superelasticity phenomena. There is no closed
hysteresis loop. On the non-implanted sample the shape
of the hysteresis loop is similar to the case of the microin-
dentation test.

The results of the micro- and nanoindentation tests
revealed the occurrence of larger residual depths for the
implanted samples than for the non-implanted one. This
residual depth shows clearly that at room temperature
the PE disappears after the high fluence (D2) ion im-
plantation. It is assumed that high fluence of ion im-
plantation treatment can generate modified surface layers
with a gradient of defects [18, 22], change of microstruc-
ture and also compressive residual stress. The results of
micro- and nanoindentation tests are correlated with the
results of DCS test where we can observe the increase of
all transformation temperatures, which is an attribute of
complex structure formation in the near-surface region
after the ion implantation.

Further studies are needed to investigate the relations-
hip between the structure of the ion implanted layers, its
mechanical and corrosion properties as well as conditi-
ons of the implantation process because for these SMAs
the change of temperature during the ion implantation
treatment is very most important.

0.08 1.0x10°

0.06 fe— NiTi &17|
8.0x10° e NiTi 18]
- .
[—NiTie 6.0x10°
o002 [ NiTi €18
2 o
w oo L 4ox0°
<
002 =
2.0x10°
-0.04
004
600 1200 1800 2400 3000 3600 04 -02 00 02 04 06 08 10 12
time [s] E
Fig. 3. Course of the open circuit potential (a) and

anodic polarization curves (b) for nonimplanted and N
ion implanted NiTi alloy. (D1 = 10'7 cm™2 and D2 =
10 ecm™2.

Prior to each electrochemical measurement an open
circuit potential was measured in order to satisfy the
stationary conditions of the experiment. The values of
start and final electrode potentials after 1 h of immer-
sion are listed in Fig. 3. It can be concluded that the
changes of F with time are minor for both implanted
samples while for the bare NiTi alloy a slight trend to-
wards positive values is recorded. More noble potential
values for the implanted samples indicate their lower cor-
rosion likelihood in comparison to bare NiTi. It is espe-
cially important in terms of implants where Ni release
to the body physiological fluids has to be avoided. The
results of anodic polarization of the tested samples while
immersed in the Ringer solution are shown in Fig. 3b.
A wide plateau of current density within the potential
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Fig. 4. Bode plots for NiTi before and after ion im-
plantation. The results of measurements in the Rin-

ger solution after 1 h (a) and equivalent circuit used
for results interpretation (b). Rs — solution resistance,
R. — resistance of the porous layer, C. — capacitance
of the porous layer, R, — resistance of the barrier layer,
Cp — capacitance of the barrier layer.

range —0.2 V to 0.9 V for the sample treated in the pro-
cess of ion implantation by nitrogen with the fluence of
D1 = 107 ecm™2 is obtained. Passive current density
attains approximately 107% A/ecm~2. A change of the
fluence to D2 = 10'® cm™2 leads to a less stable passive
state and higher current densities (=~ 10~7 A/cm~2). On
the contrary, the bare NiTi alloy exhibits the low pas-
sive current density (~ 1078 A/cm~2) at the beginning
of polarization from — to —0.050 V and at 0 V a mode-
rate rise of current density is recorded with its inhibition
beyond 0.2 V-0.3 V. This potential range corresponds to
the occurrence of the redox reaction Ni® —2e — Ni%* [24].
Although current densities for the NiTi alloy in this po-
tential range are several times higher than the corre-
sponding values for the implanted samples, the order of
107% A/em=2 for NiTi indicates that the surface is still
in the passive state and expected Ni%* release takes place
locally in the pores of the passive film and is limited by
its quality. For larger anodic potentials a steep incre-
ase of currents density is observed, particularly for the
implanted samples. This is a result of oxygen evolution
as the main reaction but other side reactions cannot be
excluded. The surface modified under the D2 fluence
facilitates an oxygen evolution and this process starts al-
ready at 0.7 V while for the sample implanted with the
D1 fluence it starts around 1.1 V. Oxygen evolution on
the surface of the bare NiTi alloy proceeds hardly due to
a poor conductivity of titanium oxides grown on this sur-
face during the anodic polarization. In the all performed
experiments no pitting corrosion is observed.

In order to assess corrosion resistance including pro-
tective properties of surface layers similar comparative
measurements are performed by means of electrochemi-
cal impedance spectroscopy. The results in the form of
the Bode plots i.e. frequency dependence of impedance
modulus |Z| and phase angle © are shown in Fig. 4a
and the equivalent circuit used for the interpretation of
EIS results in Fig. 4b. The impedance spectra show a
capacitive behaviour for all samples in a wide range of
frequencies starting with f = 10? Hz with a slope of

|Z| 0 close to —1 which is related to high protectiveness
of the material or surface film. A slightly different course
of the plot for the sample implanted under the fluence of
D2 = 10'® cm™2 is observed. The impedance spectrum
is shifted towards lower frequencies which could be lin-
ked to the effect of lower thickness of the passive film
since C' = egpA/d (¢ — dielectric constant of the ox-
ide film, g — vacuum permittivity, A — surface area,
d — thickness of the oxide film). The impedance data
are fitted to the electrical equivalent circuit presented in
Fig. 3b which is widely accepted for interpretation of the
EIS results of NiTi alloys [25]. This assumes a bilayer
structure of the surface film as indicated in Fig. 3b [21].
Due to the slight deviation from the pure capacitances a
constant phase element (CPE) is used instead of C.

The impedance associated with CPE is given [26]:
Z = 1/Q(jw)™, where the constant phase element pa-
rameter Q = C when n = 1, j2 = —1. The values of
electrochemical parameters drawn from the fitting proce-
dure using the ZView software are presented in Table I.

TABLE I

Equivalent circuit parameters obtained from the EIS data
measured in the Ringer solution.

Sample| R Q. ne | Re Qv |70 Ry
[2cm?]|[#Es" [Qem?]|[#Es" 2 |[MQem?]
NiTi | 60.0 12 |0.92| 274 .64 |1.0 1.6
NiTi 18| 48.7 110 |0.91| 232 51 0.9 2.6

NiTi 17| 48.1 21 ]0.92| 2200 3.1 0.9 3.0

In general, the best protectiveness is obtained for the N
implanted sample under the fluence of D1 = 10'7 cm 2.
This is proved by the highest resistance of both lay-
ers. However, the lowest capacitive parameters for bare
NiTi indicate development of the thickest oxide film.
Chemical diversity of the surface after implantation at
D2 = 10'® ¢cm™2 identified in the previous chapter le-
ads to the decrease of protective properties of the surface
which is reflected by the lower resistive and higher capa-
citive parameters. In general, one can conclude that dif-
ferences between the electrochemical parameters for the
investigated samples are not large, and longer immersion
times and/or other corrosion loads are needed for their
degradation.

The X-ray diffraction data were analyzed using the cry-
stallographic database PDF4 [Joint Committee on Pow-
der Diffraction Standards, JCPDS in: International Cen-
tre for Diffraction Data. Powder Diffraction File-PDF-
4, ICDD, (CDROM), Pennsylvania (2009)|. Figure 5a
presents the X-ray diffraction patterns of non-implanted
NiTi sample recorded at different incident angles w in
the range of 0—10° with the increment of 0.25°. The pe-
netration depth of X-ray Cu K, radiation in the NiTi
sample (the material density 6.5 g/cm3) under the expe-
rimental conditions varies from 0 to about 5.6 pm. From
the obtained results, it can be seen that the alloy is com-
posed of one phase — austenite A crystallizing in the
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a)

Fig. 5. XRD pattern of NiTi alloy before and after N
ion implantation.

cubic system with the space group Pm3m. As can be
seen from the diffraction patterns of the non-implanted
NiTi sample in Fig. 5a, together with the decreased va-
lue of the incident angle (the decreased X-ray penetration
depth in material), increased full width at half maximum
(FWHM) of the peak A is observed. Such a change in
the form of the diffraction line profile is associated with
reduction in crystallite size and increase in deformation
of its crystal lattice caused by structural defects. The
observed microstructural changes reach a depth of about
1 pm and were caused by the applied surface treatment.

The X-ray diffraction patterns of the ion implanted
NiTi alloy with the fluence of 10'7 em™2 recorded at dif-
ferent incident angles w in the range of 0—4° with the
increment of 0.25° are shown in Fig. 5b. It can be stated
that the near-surface layer of this sample consists of four
phases. The diffraction lines derived from A, TiN, TiNig
and NiyTis were registered (see the inset in Fig. 5b). The

dominant phase is austenite, crystallizing in the cubic sy-
stem with the space group Pm3m. TiN phase (dominant
phase to the depth of about 300 nm) crystallizes in the cu-
bic system (space group F'm3m, PDF Card Number: 04-
008-4976) whereas TiNiz that occurs up to the depth of
660 nm crystallizes in the hexagonal system (space group
P63 /mmec, PDF card number: 04-007-8520). The fourth
phase is NisTig crystallizing in the rhombohedral system
(space group R3, PDF card number: 04-001-1903) and
occurs up to the depth of 1.9 pm. It should be noted that
each phase is fine-grained, as evidenced by the observed
broadening of the diffraction line.

From the analysis of the X-ray diffraction patterns, it is
evident that the ion implanted NiTi alloy with a fluence
of 10" ¢cm™? exhibits five phases: austenite (A), TiN,
TiNis, NigTiz and TisNi. This additional fifth phase
crystallizes in the cubic system (space group Fd3m, PDF
card number: 04-007-5177) (Fig. 5¢). As follows from the
obtained results for the ion-implanted NiTi alloy with
higher ion fluence both the contribution of the indivi-
dual phases and the depth of their occurrence are increa-
sed. The NiyTis phase exists up to the depth of 5.6 pm,
TiN — up to about 1.3 pum and the Ti;Ni and TiNij
phases — up to about 3.6 um.

It should be noted that the X-ray diffraction pattern
at the incident angle equal to 0.25° has the characte-
ristic nanocrystalline and amorphous-like shape of the
intensity distribution. This may confirm the fact that
heavily damaged (amorphized) and nanocrystalline ma-
terials are formed during an ion implantation. As the
obtained results indicate, to the depth of about 170 nm
the material contains a near-surface amorphous-like layer
and a number of nanocrystalline inclusions of identified
phases within its bulk.

4. Conclusions

In this study the NiTi shape memory alloy was mo-
dified by the N ion implantation. The surface characte-
ristics including corrosion resistance, microstructure and
phase changes as well as local pseudoelasticity behaviour
were investigated. The main conclusions are summarized
as follows:

— Nitrogen ion implantation of NiTi SMA alloys le-
ads to extreme changes of mechanical properties. The
surface obtained with the fluence D1 exhibits increased
stiffness while preserving of pseudoelasticity and the ap-
plication of a larger fluence i.e. D2 leads to a destruction
of pseudoelasicity regardless of the testing volume of the
material.

— Nitrogen ion implantation decreases the risk of Ni+
release to the surrounding environment due to formation
of stable TiN film increasing a distance of Ni in the bulk
alloy to the superficial layer. Neither bare NiTi nor im-
planted samples were susceptible to the pitting corrosion.
The process intensity in terms of ion fluence affects phy-
sicochemical properties of the surface layer. With the
fluence D1 the surface is more uniform providing better
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protectiveness against corrosion in comparison with the
fluence D2. The differences in corrosion resistance bet-
ween the investigated samples are not large and longer
immersion times and/or other, more aggressive corrosion
loads are needed for their accelerated degradation.

— All temperatures (start/finish) of martensite trans-
formation are shifted to higher values.
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