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Abstract

The advanced plasma immersion ion implantation and deposition (PIII&D) method has been used to deposit TiN, TiC and TiCN films on the
surface of Ti–50.6 at.% Ni alloys. Smooth surface with root mean square (RMS) roughness of values 2.672 nm for the TiN, 1.517 nm for the TiCN
film and 5.339 nm for the TiC film have been obtained. The XPS Ti 2p, C 1s and N 1s peaks and the valence band spectrum show that the nitrogen,
carbon, carbon combined with nitrogen is fully bonded to titanium as nitride, carbide and carbonitride, respectively. Based on the electrochemical
measurement and ion releasing tests, we can conclude that the treated samples exhibit better corrosion resistance and depress Ni ion release from the
NiTi alloys in the Hank's solution at 37 °C.The suppression of Ni ion by the films is a beneficial phenomenon for the future application of NiTi alloys
in the biomedical field.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

NiTi alloy has found numerous clinical applications due to its
unique shapememory effect, superelasticity and biocompatibility,
nevertheless, its long-term biocompatibility has not been fully
certified and has given rise to controversy due to its high content
of nickel [1]. In addition, its wear resistance is expected to be
improved by transition-metal carbides and nitrides coatings at a
rather broad composition range, such as TiN, TiC and TiC1−xNx

(0b×b1) filmswhich have been successfully deposited on dental
prosthesis, hip implant and heart valve replacement materials [2–
4]. Up to date, a variety of methods including magnetron
sputtering [5], vacuum arc deposition and nitrogen ion beam
dynamic mixing implantation [6], ion-plating [7], PIII&D as well
as chemical vapor deposition have been used to deposit these
films on different substrate materials [8]. Eachmethod has its own
advantages for specific applications. For the NiTi shape memory
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alloy, there are some reports on the surface modification by these
ceramic coatings to improve its anti-corrosion property and
decrease Ni ion release [9]. Plasma immersion ion implantation
and deposition is a novel method combining the deposition
process with the implantation process that cannot only insure an
excellent bonding strength between the coatings and the
underlying materials, but also overcome the line-of-sight
shortcoming [10]. However, to our knowledge, there is still no
report on the deposition of the Ti(C, N) coatings on the surface of
NiTi alloy by the PIII&D method.

In our present experiments, different TiCxN1−x thin films
were obtained on the surface of Ti–50.6 at.% Ni alloy by
varying the flow ratio between the reaction gases CH4 and N2,
employing the advanced PIII&D method.

2. Experimental methods

The chemical composition of the experimental alloy is Ti–
50.6 at.% Ni. Prior to deposition, the samples were firstly
ground and polished with diamond paste. Finally, the specimens
were ultrasonically cleaned in acetone, alcohol and distilled
water successively and dried.
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Fig. 1. Three-dimensional AFM images of the surface of TiN, TiCN and TiC
coatings.
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The PIII&D technique was used to synthesize the TiN, TiCN
and TiC coatings. Plasma was generated in the implanter
simultaneously by electron cyclotron resonance microwave
plasma source at 2.54 GHz. The main process parameters are
listed in Table 1.

A Digital Instruments Nano-Scope III Atomic Force Micro-
scope (AFM) was used for surface observations of samples. XPS
analysis was performedwith anAXISUltra spectrometer (Kratos,
UK).

Open circuit potential and anodic polarization plots were
obtained through an EG and G Princeton Applied Research
model 283A potentiostat/galvanostat controlled from a com-
puter. The electrochemical measurements were performed in a
standard three-electrode cell with 1 cm2 platinum counter elec-
trode and a saturated calomel electrode(SCE) as reference
electrode. The electrolyte is Hank's solution. All the corrosion
experiments were conducted at 37 °C. The nickel ion release
was measured by a graphite-furnace atomic absorption spec-
trometry (GFAAS) (AA6501F, Shimadzu, Japan) after anodic
experiment.

3. Results and discussions

3.1. Morphology and composition of the films

The AFM images of TiN, TiCN and TiC films are shown in
Fig. 1. Apparently, the TiCN films is extremely smooth compared
with the other samples, and the surface of TiC is quite rough. The
RMSvalues are 2.672 nm for the TiN, 1.517 nm for the TiCN film
and 5.339 nm for the TiC film. Yet differences are existed for the
surface roughness of the three films.

In order to gain insight into the chemical states of the coating,
the XPS Ti 2p, N 1s and C 1s core-level spectra for the different
samples were investigated. All the analyzed samples were sput-
tered by argon to remove contaminants on the top of surface. It
can be seen from Fig. 2(a) that the Ti 2p presents two obvious
peaks, one is located at the line position of 454.8 eVand another
is at 460.5 eV. These two peaks correspond to the Ti 2p3/2 and Ti
2p1/2. On the other hand, a predominant peak appears in the N 1s
spectra at the position of 396.9 eV. These two above-mentioned
features indicate that the titanium nitride is mainly formed.

The Ti 2p, N 1s and C 1s XPS spectra are shown in Fig. 2(b).
The binding energy value of Ti 2p peak at 455.3 eV corresponds
to titanium carbonitride, which can be verified by the N 1s peak
at 398.1 eV and C 1s peak at 281.7 eV.
Table 1
PIII&D process parameters for TiN, TiC and TiCN films coated on TiNi alloys

Coatings Negative pulse
bias voltage (kV)

Gas flow rate Constant parameters

TiN 20 1/2 (QN/QAr) Substrate bias voltage: 100 V
Pulsing frequency: 300 Hz
Pulsing duration(τ): 5 μs
Total pressure: 8×10−2 Pa
Base pressure: 8×10−4 Pa
Implantation and
deposition time: 60 min

TiCN 20 QN 2.0 SCCM
QCH4

1.0 SCCM
QAr 6.8 SCCM

TiC 20 QCH4
1.5 SCCM

QAr 7.8 SCCM
Fig. 2(c) presents the narrow scan XPS spectra of TiC.
The Ti 2p XPS signal is composed of two doublets (Ti 2p3/2
and Ti 2p1/2) with the binding energy of 454.9 eV and
460.7 eV, respectively. These two doublets are separated by
6.0 eV. The C 1s spectrum presents a peak at the position of
281.8 eV. Based on the Ti 2p and C 1s XPS data, the coating
obtained under this condition is believed to be titanium
carbide. The C/Ti ratio is 1.1 measured by XPS. This result is
in agreement with that reported by Li et al. who proposed



Fig. 2. Narrow scan XPS spectra for the surface of different coatings (a) TiN; (b)TiCN; (c) TiC.
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that the small CH4/Ar ratio results in nearly stoichiometric
TiC film [11]. In our experiment, CH4/Ar ratio was con-
trolled to be 0.18 lower than 0.2, thus, no excess carbon was
formed in the coating.
3.2. Electrochemical properties and Ni ion release behaviour

The corrosion potential values as a function of immersion
time for different samples in Hank's solution have been



Fig. 4. Anodic polarization curves for the coated and the uncoated samples.

Fig. 3. Open circuit potential as a function of immersion time for different
samples in Hank's solution.
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investigated by the immersion experiment in the open circuit
condition, as shown in Fig. 3. It can be seen that open circuit
potentials for all the samples are kept steady after immersion for
1500 s. They can be ranged from low to high values in the order
of NiTi, TiC, TiN and TiCN. The steady potential for the
uncoated specimen after immersion for 6 h is about −0.285 V,
and 0.0445 V for the TiCN coated specimen. This fact indicates
that the uncoated sample has the lowest thermal dynamic
stability, whereas the sample coated with TiCN is more stable
compared to that of other specimens.

The anodic polarization curves for the coated and uncoated
samples are shown in Fig. 4. Clearly, the uncoated sample has
the highest passive current density of about 5×10−7 to
5×10−6 μA/cm2 in the range from −200 mV to 600 mV.
When the potential is higher than −600 mV, the current density
increases rapidly indicating that pitting corrosion occurred. This
phenomenon is a typical characteristic of the NiTi alloy. For the
samples coated with TiC and TiN, their anodic polarization
curves are similar with wide passive range. But it is worth noted
that the passive current density of TiC coated sample is higher
than that of the TiN coated sample. In addition, the anodic
polarization behaviour can be divided into two stages for the
TiCN coated sample. At the initial stage, the current density
increases with the potential increase, from −138 mV to 44 mV.
After the potential reaches 44 mV, the current density increases
rapidly from 10−9 μA/cm2 to 10−8 μA/cm2, and then increases
slowly with the increase of applied potential, exhibiting the
passive state.

Combining the results of immersion test and anodic polari-
zation experiments, we find that the corrosion resistant property
of the coated samples are improved, and the TiCN coated
sample shows the best behaviour among them.

After anodic polarization tests, 100 ml of the experimental
solution was taken out to analyze the Ni ion release amount from
the NiTi alloy. The exposed area to the Hank's solution is
0.75 cm2. It can be seen from this table that the uncoated NiTi
alloy releases very high amount of Ni ion, about 252.42 μg/L.
For the TiC coated sample, extremely low amount of Ni ion
release (22.82 μg/L) is detected, about eleven times lower than
that of the bare NiTi alloy. In addition, for the sample coated with
TiN and TiCN films, noNi ions are detected by the AASmethod,
indicating that the TiN and TiCN depress the ion release from the
NiTi effectively.

4. Conclusions

The RMS values are 2.672 nm for the TiN, 1.517 nm for the
TiCN film and 5.339 nm for the TiC film. The XPS Ti 2p, C 1s
and N 1s peaks and the valence band spectrum show that the
nitride, carbide and carbonitride of titanium coatings are
formed, respectively. The corrosion resistant properties of
NiTi alloy can be improved by this coating method, and the
TiCN coated sample behaves the best. Coating the NiTi alloy
with TiN, TiCN and TiC by PIII&D technique can depress the
ion release from the NiTi efficiently.

References

[1] J. Ryhanen, E. Niemi, E. Serlo, E. Niemela, P. Sandvik, H. Pernu, T. Salo,
J. Biomed. Mater. Res. 351 (1997) 451.

[2] S. Piscanec, L.C. Ciacchi, E. Vesselli, G. Comelli, O. Sbaizero, S. Merizani,
A.D. Vita, Acta Mater. 52 (2004) 1237.

[3] L.A. Cyster, K.G. Parker, T.L. Parker, D.M. Grant, J. Biomed. Mater. Res.
67A (2003) 138.

[4] M.I. Jones, I.R. McColl, D.M. Grant, K.G. Parker, T.L. Parker, J. Biomed.
Mater. Res. 52 (2000) 413.

[5] L.F. Senna, C.A. Achete, T. Hirsch, F.L. Freire Jr., Surf. Coat. Technol.
94–95 (1997) 390.

[6] C.S. Ren, Z.X. Mu, Y.N. Wang, H. Yu, Surf. Coat. Technol. 185 (2004)
210.

[7] J.Y. Chen, G.P. Yu, J.H. Huang, Mater. Chem. Phys. 65 (2000) 310.
[8] S.K. Kim, T.H. Kim, J. Whole, K.-T. Rie, Surf. Coat. Technol. 131 (2000)

121.
[9] D. Starosvetsky, I. Gotman, Biomaterials 22 (2001) 1853.
[10] Anders, Surf. Coat. Technol. 93 (1997) 158.
[11] G. Li, L.F. Xia, Thin Solid Films 396 (2001) 16.


	Characterization of TiN, TiC and TiCN coatings on Ti–50.6 at.% Ni alloy deposited by PIII and d.....
	Introduction
	Experimental methods
	Results and discussions
	Morphology and composition of the films
	Electrochemical properties and Ni ion release behaviour

	Conclusions
	References


