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Bulk nanocrystalline and amorphous Ni50.2Ti49.8 alloy samples were successfully prepared from commercial
microcrystalline Ni50.2Ti49.8 alloy discs by high pressure torsion (HPT) technique. Then their corrosion resistance,
surfacewettability and cytotoxicitywere further studied from the viewpoint of biomaterials. In bothHank's solution
and artificial saliva, bulk nanocrystalline and amorphous Ni50.2Ti49.8 alloys showed significantly higher pitting
corrosion potentials than that of microcrystalline Ni50.2Ti49.8 alloy. Meanwhile, the amount of Ni ion release after
immersion in Hank's solution was minor, far below the threatening threshold of daily diet. Murine fibroblast and
osteoblast cell lines were indirectly co-cultured with experimental sample extracts, indicating no cytotoxicity.
Amongst all samples, the nanocrystalline Ni50.2Ti49.8 shows promising as best biomaterial candidate for its good
combination of mechanical property, corrosion resistance and cytocompatibility.
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1. Introduction

Near-equiatomic NiTi alloys, well renowned for their shapememory
effect and superplasticity, were widely utilized, other than in industrial
functional fields, as biomedical appliances in dentistry and surgery [1].
However, the non-zero covalent nickel ions which are toxic to the body
might release from the alloy in the body fluid environment because of
bio-corrosion or erosion. Therefore much controversy on the hypersen-
sitivity of released nickel was reported [2]. In order to avoid that, many
techniques like surface modification or nanocrystallization [3] were
developed for stabilizing the outmost layer.

Recently bulk amorphousmetals and nanostructuredmaterialswith
advanced properties like ultra-high strength and excellent corrosion
resistancewere extensively developed [4–6],with integratedproperties
both on the surface and inside the bulk. Inspired by the superior
performanceofnanocrystalline commercially pure titaniumas thenext-
generation optimal alternative, bulk discs of amorphous and nanocrys-
talline Ni50.2 at.%–Ti alloy were fabricated in the present work, and the
bio-corrosion behavior, ion release amount, surfacewettability together
with cytotoxicity were investigated here to reveal their enhanced
performance compared to the original microcrystalline sample.
2. Materials and methods

Bulk amorphous Ni50.2–Ti (denoted as amorphous Ni50.2Ti49.8)
sheet with Φ14×0.3 mm3 was prepared from commercial Ni50.2–Ti
(denoted as microcrystalline Ni50.2Ti49.8) discs with Φ18×2.5 mm3

(both provided by Ufa State Aviation Technical University). The
resulting metastable amorphous Ni50.2Ti49.8 was then annealed in
vacuum at a temperature of 300 °C for 30 min, forming nanocrystalline
NiTi (denoted as nanocrystalline Ni50.2Ti49.8). All the experimental
specimens were mechanically polished to 2000# sand paper. X-ray
diffractometer (XRD, Rigaku DMAX 2400) using Cu Kα radiation was
employed for phase identification.Micro-hardnesswasmeasured using
a Vickers diamond pyramidal indenter (HMV-2T, Shimadzu) under a
load of 200 g for 10 s. Contact angle was tested in OCA2O (Dataphysics,
Germany) by distilled ionic water. All experiments were performed at
least three times to guarantee the results reproducible.

The electrochemical measurements were performed in a three-
electrode workstation (CHI 650C, China) in Hank's solution [7] and
artificial saliva [8]. The substrates after corrosion were characterized by
environmental scanning electron microscopy (ESEM, AMRAY-1910FE).
The immersion test was carried out according to ASTM-G31-72 in Hank's
solution. The inductively coupled plasma atomic emission spectrometry
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Fig. 1. (a)XRDpatterns and (b)HVhardnessof experimental samples; contact angle of (c)microcrystallineNi50.2Ti49.8, (d) amorphousNi50.2Ti49.8 and (e)nanocrystallineNi50.2Ti49.8.
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(Leeman, Profile ICP-AES) was utilized to measure the ion concentration
into the given solution.

Indirect cytotoxicity test of extraction via MTT assay was carried
out according to a standard procedure described in reference [7] using
murine fibroblast cells (L929 cell) and osteoblast cells (MG63).

3. Results and discussion

Fig. 1(a) shows the XRD patterns of all experimental samples. For
amorphous Ni50.2Ti49.8, a featured broad hump of wave-like shape is
clearly identified for its non-crystalline microstructure. After anneal-
ing treatment, distorted atoms and clusters in the body get rearranged
with distinctive orientation, which can be indicative of typical Bragg
peaks in the plot due to the occurrence of crystallization. In addition,
peaks from nanocrystalline Ni50.2Ti49.8 possess an extended full-
width at half-maximum peak in comparison with that of microcrys-
Fig. 2. Polarization curves of NiTi alloy in (a)
talline Ni50.2Ti49.8, revealing much smaller grain size. In the view of
surface micro-hardness in Fig. 1(b) (218.6±4.8, 611.2±50.2, and
456.8±14.9 for microcrystalline, amorphous and nanocrystalline
Ni50.2Ti49.8 samples, respectively), the HV values of HPT-induced
amorphous and nanocrystalline NiTi are significantly improved due to
size-dependent relationship.

Fig. 1(c)–(e) displays the schematic diagramsof the contact angles of
distilled water interacted on different NiTi alloy substrates, which were
the reflection of surface free energy and affinity other than surface-
governing roughness and functional group. The surface wettability
measured as water contact angle was 60.3° for microcrystalline
Ni50.2Ti49.8, 71.2° for amorphous Ni50.2Ti49.8 and 52.3° for nanocrys-
talline Ni50.2Ti49.8, which can deduce from the surface tension and
energy according to the modified wetting model [9]. This indicates that
nanocrystalline Ni50.2Ti49.8 is more hydrophlic than that of micro-
crystalline Ni50.2Ti49.8, while the amorphous one is less. Similar
Hank's solution and (b) artificial saliva.



Fig. 3. Surface morphologies of (a) microcrystalline Ni50.2Ti49.8, (b) amorphous Ni50.2Ti49.8 and (c) nanocrystalline Ni50.2Ti49.8 after corrosion in Hank's solution.
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wetting tendency on nano- and micro-scale substrates can be also seen
elsewhere [3], and the disparity of the contact angles might ascribe to
the surface energy difference determined by surfacemicrostructure and
distribution of the grain size, as presented by Kim et al. [10].

The potentiodynamic polarization curves were measured after a
steady open circuit potential (OCP) in Hank's solution and artificial saliva,
respectively. As shown in Fig. 2, higher value of OCP andupper-left shifted
curves of nanocrystalline Ni50.2Ti49.8 and amorphous Ni50.2Ti49.8 in
artificial salivawere traced, and theyexhibited superiorlyhigher corrosion
resistance than that of microcrystalline Ni50.2Ti49.8. Electrochemical
parameters such as corrosion potential (Ecorr) and current density (icorr)
can be estimated from the Tafel plots. It can be noted that the
nanocrystalline and amorphous Ni50.2Ti49.8 samples show higher Ecorr
(−0.217and−0.235 V) inartificial saliva and lower icorr (4.07×10−6 and
8.12×10−6 µA cm−2) than that of microcrystalline Ni50.2Ti49.8 (Ecorr=
−0.342 V and icorr=2.02×10−5 µA cm−2), which means resisting
surface layer and better corrosion resistance existed in nanocrystalline
Ni50.2Ti49.8 and amorphous Ni50.2Ti49.8 group. While in Hank's
solution, nanocrystalline Ni50.2Ti49.8 and amorphous Ni50.2Ti49.8
exhibit equivalent Ecorr (−0.247 and −0.29 V) and icorr (4.44×10−5

and 5.06×10−5 µA cm−2). As for localized corrosion, a much higher
potential plateau (up to 2.0 V) occurs in the case of amorphous
Ni50.2Ti49.8 and nanocrystalline Ni50.2Ti49.8 than that in microcrystal-
line Ni50.2Ti49.8 (with only 0.5 V). In artificial saliva, all the experimental
samples possess high pitting corrosion potentials (above 1.0 V). This
means that it would take a long time before the current increase severely.
Fig. 3 gives the SEM images of corroded surfaces after electrochemical
corrosion in Hank's solution. Couples of pits and holes scattered on the
large work areas on the surface of microcrystalline Ni50.2Ti49.8,
Fig. 4. Cytotoxicity of (a) L-929 and (b) MG63 cell lines
demonstrating a severe pitting damage after early uniform corrosion.
While for amorphous and nanocrystalline Ni50.2Ti49.8, fewer pits could
be found, leaving vast intact zone. This validates the different corrosion
level asmentioned before. Similar results can be seen from thatmeasured
in artificial saliva. Long-term released nickel ion concentration had been
monitored and the nickel concentrations after 14 days static immersion
test in Hank's solution were 0.024, 0.03 and 0.028 μg/ml for microcrys-
talline, amorphous and nanocrystalline Ni50.2Ti49.8 respectively. No ion
burst phenomenon had been observed during this period, and the
quantity of dissolved Ni ion stays far from the critical value to bring about
toxicity or inflammation.

Murine fibroblast (L-929) and osteoblast cell lines (MG63) are
cultured and cell proliferation is measured via MTT assay. The results
of cell viability are shown in Fig. 4. Till day 4 the culture with L-929, it
shows no cytotoxicity for all samples. While for MG63, an evolution-
ary rule for preferential cell promotion of nanocrystalline
Ni50.2Ti49.8 and lower proliferation of amorphous Ni50.2Ti49.8 can
be seen due to its specific response to different cell lines.

4. Conclusions

Bulk nanocrystalline and amorphous Ni50.2Ti49.8 by HPT manifest
much stronger pitting corrosion resistance in Hank's solution and
artificial saliva than that of microcrystalline Ni50.2Ti49.8. In these
laboratory immersion tests, very little amount of Ni ions below the
critical adverse-effect dosage is dissolved from all the samples till
2 weeks. Equivalent cell-growth amounts were present in the extract
from nanocrystalline and microcrystalline Ni50.2Ti49.8, higher than
that from amorphous Ni50.2Ti49.8 especially in the longer incubation
co-cultured with extracts from different samples.
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while all the experimental materials show well-behaved in vitro
cytocompatibility either within L-929 or MG 63 culture. To sum up,
it's revealed that nanocrystalline Ni50.2Ti49.8 exhibits an excellent
combination of biocompatibility in corrosion, soaking and cytocompat-
ibility test, and itwould be a novel and promising biomedicalmaterial in
the future.
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