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Property Change During Fixtured Sintering of NiTi Memory Alloy
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Fixtured sintering of up to 5 hours at 1223 to 1323K is successfully used to diminish the dimensional change of NiTi memory alloys produced

from mixtures of elemental Ni and Ti powders packed and pressed at room temperature under 400, 500, and 600MPa pressure. The improvements

obtained can help near-net-shape technology via powder metallurgy that overcomes the traditional casting problems such as oxygen, nitrogen,

hydrogen, and carbon absorption and intermetallic compound precipitation, which lower the workability and the homogeneity of the final alloy.

The effects of compaction pressure, sintering time, and sintering temperature on dimensional change, porosity, hardness, and morphology of the

produced TiNi intermetallic alloy are investigated. Phase transformation temperatures and mechanical properties of the sintered samples were

determined and compared for the influence of compaction pressure and sintering conditions. It was concluded that suitable thermoelastic and

superelastic effects are achievable via appropriate selection of fixtured sintering conditions.

Keywords Compaction; Dimensional stability; Fixture; Hardness; Homogenous; Memory; Morphology; Near-net; Ni–Ti; Nitinol; Porosity;

Powder metallurgy; Shape; Sintering; Workability.

Introduction

Shape memory behavior is the most attractive property of
the NiTi phase. Because of considerable strength, ductility,
toughness, hardness, resistance to corrosion, and biocompa-
tibility, NiTi is now considered a successful biomaterial
with applications in many industrial and biomedical devices
such as robotic actuators, artificial hands, cardiovascular
stents, double-cup hip prosthesis, laparoscopic surgical
instruments, and dental archwires [1–7].
Thermomechanical work improves workability. High

workability is required for production of wrought NiTi
strips and wires with up to 8% recoverable pseudoelastic
strain [8, 9]. Atmospheric gas [10], crucible contamination
[11, 12], and compositional changes are critical to the
workability; while compositional control makes TiNi
production both complicated and costly [13].
Near-net-shape powder metallurgical (PM) processing

is an attractive way to produce homogenous high purity
NiTi intermetallic objects of specific shape [14–18]. NiTi
surgical implants are good examples showing desirable
osteo-integration capability [19] due to their unavoidable
inherent porosity [20]. Low packing density and high
dimensional change after sintering are, however, two un-
desirable drawbacks that should be improved [18]. The
powder can for example be mechanically processed before
compaction [21, 22]. Fixation of a pressed bimodal powder
mixture during sintering is found to be helpful in this case
[23, 24].
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Effects of sample compaction, sintering time, and
sintering temperature on phase structure, internal porosity,
dimensional stability, overall hardness, overall strength,
and transformation temperatures of PM NiTi alloys are
investigated through exact dimensional measurements,
image analyses, hardness testing, X-ray diffraction (XRD),
and differential scanning calorimetry (DSC) methods. The
purpose of this study is to obtain the optimum conditions for
production of near net-shape articles via powder metallurgy.

Experimental procedure

Nickel and titanium powders from Fluka, Switzerland
and Merk, Gmbh of Germany with respective particle sizes
of 3–5 and 21Ìm and atomic ratio of 50/50 were blended
together for around 1 hour in an eccentric shaker under
argon. Cylindrical tablets, 15mm in diameter and 1.9 to
2.3mm in thickness, were made by bi-axial cold pressing of
the mixture under different pressures. The compacts were
then placed inside a carefully machined fixture made of
DIN 1.4821 heat resistant steel and sintered at 950, 1000,
and 1050�C for 7.2, 10.8, 14.4, and 18kiloseconds under a
continuous vacuum of better than 0.007Pa. Schematics of
the fixture are given in Fig. 1. Size, shape, and distribution
of the Ti and Ni particles affect on porosity, density,
and mechanical properties of the sintered sample. SEM
micrographs of the powders used in this investigation are
illustrated in Fig. 2. Uniform distribution combined with
the differences in size and shapes of the metallic powders
appropriates the formation of a condensed tablet suitable
for subsequent sintering operation [18].
A pair of vernier calipers determined dimensional

changes of the specimens during sintering. After sintering,
the specimens were sectioned, ground, and polished using
successive grades of SiC emery paper followed by 0.3
and 0.05Ìm alumina powders. The apparent porosities of
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