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ABSTRACT

ABSTRACT

Introduction: Due to Nickel-titanium (NiTi) alloys have corrosion
resistance, super-elasticity, and shape memory, they can be used in the
synthesis of different medical tools such as stents, staples, guide wires,
orthodontic wires, and endodontic tools. However, there is also several
disadvantages, for example: low fatigue and wear resistance, unexpected
failure under load, and the absence on magnetic properties. Which make
searching for a substitutive alloy is inevitable.

Aim of study: Construction of Co-Ni-Al and NiTi alloys under similar
circumstances to compare their physical and mechanical properties to
assess the possibility of using Co-Ni-Al ferromagnetic alloy as an
alternative material in the manufacturing of root canal instruments.
Material and methods: Raw materials used in this study: cobalt, nickel,
aluminum, and titanium were in the form of pellets or balls with 99.9%
purity. Samples were divided into two main groups (groupl for Co-Ni-Al
alloy and group2 for NiTi alloy). Raw cobalt, nickel, aluminum, and
titanium materials were weighted to achieve a chemical composition of Co
(36.4%), Ni (34.5%) and Al (29%) for groupl, and a composition of Ni
(56), Ti (44) for group2 with a total weight of 1.5 kilogram for each group.
The metals were melted in a vacuum induction melting furnace and casted
into rod like molds, before dividing samples in groupl into 3 subgroups,
each subgroup received tracing elements of molybdenum, tungsten, and
chromium with weight percentage of 0.6% to enhance the corrosion
resistance and hardness of CoNiAl alloy. The subgroup with the highest
properties were further investigated and compared to NiTi alloy group 2
regarding their corrosion resistance, wear, fatigue, hardness, and

magnetism.
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Results: Subgroup-3 (Co-Ni-Al + Cr) showed more favorable results over
the NiTi alloy including higher fatigue strength=733.33 MPa than
NiTi=400 MPa. Wear resistance of (0.341 gr) for subgroup-3 and (0.204
gr) for the NiTi group, which represents the mean values for weight loss for
each group. Tensile strength for subgroup-3 was 1279 MPa and for the
NiTi was 524.3 MPa. However, the corrosion resistance of subgroup-3 was
8.6 (0.2%) mpy(mm/year), while NiTi alloy was 0.5 (0.01%) mpy
(mm/year).

Conclusion: according to the limitations of this study, it was found that
subgroup-3 (Co-Ni-Al + Cr) showed superior results to the NiTi group in
terms of fatigue resistance, wear resistance, and tensile strength, however,
NiTi alloys showed better corrosion resistance to subgroup-3. Given the
fact that it is a ferromagnetic alloy, it was concluded that Co-Ni-Al alloy
with trace elements of Cr could have desirable properties to be used in the

manufacturing of root canals instruments as an alternative to NiTi.
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