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Abstract

TiC/Ti coatings were deposited on the surface of Ti–50.6 at.% Ni alloy by plasma immersion ion implantation and deposition (PIIID)
technique. The microstructure, mechanical properties and hemocompatibility of the samples were investigated by means of XRD, AFM,
nanoindentation, and scratch and platelet adhesion tests. The result of XRD analysis shows that the crystalline TiC coating has a preferential
orientation of (111) in the normal direction. The surface presents a very smooth and dense microstructure with 1.517 nm root mean square
roughness (RMS). The average hardness and modulus values of the TiC coating are much higher than those of the NiTi substrate. In the initial
stage of scratching, some obvious transversal cracks and worm-like cracks spreading into the film from both side of the scratch track were
observed. At higher normal loads for the scratching test, the film delaminated from the substrate at the margins of the substrate. Platelet adhesion
tests demonstrate that the hemocompatibility of the coated sample is improved.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Plasma immersion ion implantation and deposition (PIIID) is a
novel method for surface modification. It has rapidly been
developed and has found special application for the synthesis of
complex-shaped three-dimensional biomedical devices [1]. NiTi
alloys have beenwidely used as constructionmaterials for a range
of surgical implants and medical devices owing to their novel
shape memory and superelastic properties. These alloys are
generally considered to have excellent corrosion resistance and
good biocompatibility [2]. However, their long-term biocompat-
ibility has not been fully certified. This has given rise to some
concerns for their high Ni content. To overcome this problem,
various techniques have been used to improve the biocompatible
properties ofNiTi alloys, including laser treatment and plasma ion
implantation [3,4]. Ceramic coatings, with their excellent
corrosion and wear resistances, high hardness and good
biocompatibility, are often used tomodify the surfaces of artificial
devices [5]. The present study investigated TiC coating on Ti–
50.6 at.% Ni alloy by the PIIID technique.
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2. Experimental procedure

Ti–50.6 at.% Ni samples of 1 mm×1 mm×1 mm were
polished. A PIIID instrument was used to apply TiC and Ti
surface coatings on the samples. The work chamber was
evacuated to a pressure of 8×10−4 Pa and was then purged
with Ar gas. The specimen was first sputter cleaned under a bias
Fig. 1. X-ray diffraction pattern of coated and uncoated NiTi alloys.
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Fig. 2. AFM images of the TiC surface morphology.
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potential of −1000 V for 10 min. A thin layer of pure Ti of
∼200 nm was then deposited on the surface of the sample. After
that, CH4 gas was introduced as the working gas to deposit TiC
coatings. CH4/Ar gas flow volume ratio was 1.5 :7.8. The current
and voltage of the target were kept at 2.4 A and 380 V,
respectively. A square bias voltage pulse profile was applied
before deposition. The square form had duration of 5 μs, a
frequency of 300 Hz and a dc bias voltage of −70 V. The high
Fig. 3. Narrow-scan XPS spectra for the surface o

Fig. 4. Hardness and elastic modulus as a function o
negative bias voltage was 20 kV. The thickness of the TiC film
was 3 μm.

The crystalline structure of the coatings was analyzed by
means of X-ray diffraction (XRD) using Cu Kα radiation. A
Digital Instruments Nano-Scope III Atomic Force Microscope
(AFM) was used to observe the surface of the samples. X-ray
photoelectron spectrum (XPS) analysis was performed using an
AXIS Ultra spectrometer (Kratos, UK).
f TiC coatings sputtered by argon for 10 min.

f displacement into surface for the TiC coating.



Table 1
Average hardness and modulus values for the coated and uncoated specimens

TiC TiNi

Hardness/GPa 34.56 3.55
Modulus/GPa 234.4 85.599

Fig. 6. Acoustic intensity as a function of critical load measured from the scratch
test.
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Nanoindentation experiments were carried out using a
NanoIndenter II (MTS Systems Corp.) using continuous stiffness
measurement. Scratch tests were used to determine the adhesion
strength between the film and the substrate. The scratching speed
was 2 mm/min with 50 N/min loading rate. In vitro platelet
adhesion test was performed to identify the blood compatibility of
the Ti/TiC coatings in accordancewith the ISO 10993 standard [6].

3. Results and discussion

3.1. Microstructure and chemical composition of coatings

Fig. 1 presents the X-ray diffraction patterns of a coated and
an uncoated sample. A strong TiC (111) peak appears for the
coated sample, indicating a strong (111) preferential orientation
of the PIIID TiC films. TiC (200), Ti (220) and TiC (222) are
also observed.

Fig. 2 shows three-dimensional images of TiC films and section
analysis of TiC films. The surface is highly uniform and smooth,
with a roughness of 1.517 nmRMS. Line scans of the AFM image
reveal that the TiC films are totally flat and structure-less.

Fig. 3 presents narrow-scan XPS spectra of the TiC coating.
The Ti2p XPS signal is composed of Ti2p3/2 and T2p1/2
doublets with binding energies of 454.9 eV and 460.7 eV,
respectively. These two doublets are separated by 6.0 eV. The
C1s spectrum presents a peak at 281.8 eV. The presence of the
Ti2p and C1s peaks indicate that the coating obtained under this
condition is TiC. The C/Ti ratio is 1.1, as measured by XPS.

3.2. Hardness and elastic modulus

Fig. 4 shows the hardness (H) and elastic modulus (E) of the
TiC coatings as a function of nanoindentation depth. It can be
Fig. 5. Typical scratch channel of TiC coatings deposited on NiTi alloy
seen that both the hardness and elastic modulus increase rapidly
and reach their maximum values at shallow indentation depths,
decrease again with further increase in indentation depth and
then gradually reach constant values close to the substrate. The
abrupt increases of H and E at the initial stage of indentation are
believed to be artifacts, possible due to surface water adsorption,
film surface roughness, elastic deformation of the tip and the
sample surface and the intrinsic error of the instrument. The
decreases of the E and H with increasing indentation depth are
obviously due to the influences of the soft NiTi alloy substrate.
The average hardness and modulus values for the coated and
uncoated specimens are listed in Table 1. The hardness and the
elastic modulus of the TiC coating are much higher than those of
the NiTi substrate.

A scratch track of the TiC coating is shown in Fig. 5. This
scratch track belongs to the delamination type described by
Baoyin Tang [7]. Some obvious transversal cracks and some
worm-like cracks spreading into the film from both sides of the
track can be observed. When the normal load is increased, the
film delaminates from the substrate at the sides of the tracks.
Acoustic emission is also measured during the scratch test.
Fig. 6 shows acoustic intensity as a function of the critical load.
with load applied in the (a) initial stage and (b) the middle stage.



Fig. 7. SEM morphologies of platelets adhered on the surface of the sample a) without coatings; b) with TiC coatings.
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Combined the results of the acoustic signal and microscopy
observation, the critical load (Lc) of the TiC is 17.8 N.

3.3. Hemocompatible tests

The hemocompatibility of the TiC coatings was investigated
by platelet adhesion experiments. An uncoated NiTi alloy is used
for comparison. Fig. 7 shows the SEM morphologies of the
platelets spread on the surfaces of the uncoated and coated
samples. It can be seen that the number of the platelets adhering to
the PIIID-coated TiC is much fewer than that adhering to the
uncoated NiTi alloy. The number of the adhered platelets on the
surface of NiTi alloy is about three times as many as that on the
TiC-coated sample. Some deformed platelets, such as pseudopo-
dia, are observed on the uncoated sample. This indicates that the
TiC coating can improve the blood compatibility of NiTi alloy.

4. Conclusions

TiC/Ti coatings were deposited on the surface of Ti–50.6 at.
% Ni alloy by PIIID technique. The preferential orientation of
the PIIID TiC films is (111) and the C/Ti atomic ratio of the TiC
coating is 1.1. The surface presents a very smooth and dense
microstructure with 1.517 nm RMS. The average hardness and
modulus values of the coating are much higher than those of the
NiTi substrate. Platelet adhesion tests demonstrate that the
hemocompatibility of the coated sample is improved relative to
that of the uncoated NiTi.
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