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ABSTRACT 

The NiTi alloy is widely known for its unique properties which are 
 

suitable for biomedical applications such as an implant, biomedical suture 
etc. Various methods are available to produce NiTi such as Metal Injection 
Molding (MIM), Vacuum Arc Melting (VAM), Additive Manufacturing (AM), 
etc. The most common method is MIM, where the specimen undergoes the 
process of mixing, injection moulding, debinding and sintering. Commonly 
after the sintering process, the sample is inhomogeneous due to the 
formation of secondary phases and impurity content. These impurities 
content can be reduced by applying heat treatment which improves the 

 
of heat treatment on the microstructure and phase transformation of NiTi. 
In this study, samples were fabricated with each 50.0at% and 50.8at% of 

 
was applied to the heat-treated samples for increasing the yield strength 

 
Calorimetry (DSC) test for analysing the phase transformation; X-Ray 

 
and Scanning Electron Microscopy (SEM) test for observing the change 
in the microstructure. The results indicated that upon heating through the 
annealing process, the secondary phase of martensite, which is known as 
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from the DSC and SEM analyses showed that the formation of B2 is dominant 
after the heat treatment process. 
 
Keywords:nickel titanium, metal injection moulding, pseudoelastic, shape 

INTRODUCTION 

widely used in the production of metallic biomaterials as it can minimize the 
secondary operation due to the complex shape of the implant or extensive 
joining samples. There are four crucial steps to the fabrication of NiTi alloy; 

The equiatomic NiTi alloy is capable of portraying SME when subjected 

and the martensitic transformation was understood, the development of 
NiTi alloy did not progress rapidly. The phase diagram of the NiTi alloy 
system is quite complicated and has been a subject of debate until the end 

anisotropy, quite ductile, corrosion resistance, and abrasive resistance [5]. 

and even aerospace industries [6]. The NiTi alloy has a high elastic limit 
and low elastic modulus for clinical use in clinical orthodontics [7]. The 
SME property of NiTi alloy changes drastically with variation in chemical 
composition, material processing and thermomechanical cycling [8]. A 
slight change in the elemental composition may impact the transformation 
temperature of NiTi alloy. The reversible phase transformation from 
austenite to martensite for NiTi alloy is very sensitive to a small variation 
of Ni and Ti composition [9]. The formations of intermetallic phases and 
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secondary phases are easily formed since the transformation temperature 
is susceptible to the formation of impurities [10][11]. Besides that, the 
decreased solubility of Ni at lower temperature leads to the formation of 

Ti3 phase [12][13]. 

produced at heat treatment temperature were analysed to investigate the 

the NiTi alloy. The phase transformation temperature of the NiTi alloy was 

after the heat treatment process were analysed with SEM. 

METHODOLOGY

respectively. A composition ratio of 50.8at% Ni and 50at% Ni were used. 
The manufacturing route is metal injection moulding and the parameters 

were then immersed in a heptane solution to remove the palm strearin 
binder at 60o

allowed to cool at a natural rate with no power supplied. The heat treatment 
of the NiTi alloy samples was conducted according to Yan et al. [13]. The 
transformation strain of specimen increases at all stress levels when annealed 

for analysing the transformation temperatures. The samples were heated at 
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and the second cycle was used to determine the transformation enthalpy 
and the phase-transformation temperatures [15]. To identify the phase and 

Hitachi TM3000 was used to evaluate the microstructural changes as a 
function of heat treatment.

RESULT AND DISCUSSION

Phase Evaluation by XRD Analysis 

The formation of this phase occured during the slow cooling of NiTi alloy 
during the MIM procedure. However, upon heating through the annealing 

2 and 
Ni2Ti are stable phases. The secondary phases are more thermodynamically 
favourarable than NiTi as the amount of energy was exerted during the 

phases from the NiTi alloy only by altering heat treatment [16]. 
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Microstructure Evaluation by SEM 

using the SEM analysis. The images of the microstructure were recorded 

between 50.0at% and 50.8at% showed identical microstructure. The 

pore development as the pores are interconnected to each other and larger 

(b) 

(a) 
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than that of the as-sintered specimen. The formation of large interconnected 

alloy may be due to the entrapment of air in the moulding process during 
fabrication stage, leading to gradient powder packing in the sample [18]. The 

existed. The darkest side indicated lower atomic mass and the lightest side 
illustrated higher atomic mass. The Ni-rich phase, particularly Ni Ti3 with 
higher atomic mass, was observed as the brightest grey-scale contrast and 
Ti-rich phase such as NiTi2 was observed as darkest grey-scale contrast. The 

2Ni) as proven 

 

 

 

Figure 2: SEM for Specimen Before Heat Treatment and After Heat 

NiTi After Heat Treatment
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The phase diagram for NiTi is shown in Figure 3. The Ti2Ni phase 
is thermodynamically stable above the sintering temperature of the MIM 

exists during the sample preparation for metallographic evaluation of 

2Ni phase can be stabilised by the oxygen pick-up during 
the melting of NiTi even under high vacuum condition [19].

 

Figure 3: Binary Phase Diagram of NiTi Alloy [20]

DSC Analysis

specimens and after heat treatment process. It showed that all samples 
exhibited reversible phase transformation which indicated the formation of 

the enthalpy changes for the heating and cooling transformations between 
martensite and austenite are greater than those for the as-received samples. 

sample shows clear peak of the austenite and martensite phases. The heat 

transformation upon cooling and a one-step transformation upon heating 
had taken place. The two-step transformation is the transition between the 
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NiTi produced by MIM shows the same pattern of phase transformation. 

energy requirement to form the Ni Ti3. This precipitate exists as the result 
of a slow cooling rate [19]. 

(a) (a) 

(b) 
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martensite phase transformation of the sample has occured. The existence of 
Ni Ti3

intervenes between austenite and martensite on both heating and cooling. 

and heating process, and the peaks are much closer to one another due to 

2) 
appeared in the binary NiTi matrix that has changed the composition in 
favour of an Ni-rich phase, resulting in the phase transformation properties 
shift compared to the initial alloyed NiTi powders [20]. As shown in the 

pick-up of oxygen and carbon, thus, reducing the homogeneity and 
caused the formation of secondary phases such as Ti Ni2O and TiC. The 
specimen shows a one-step phase transformation during heating where it 

CONCLUSION

heat treatment. The heat treatment process caused the B19’ martensite to 
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of austenite to martensite. From the SEM analysis, the porous structure 
of NiTi indicated the inter-connected pores and is suitable for bone tissue 
growth in implants. From this work, it was found NiTi with less formation of 
secondary phases are suitable in medical devices where its unique properties 
allow for the operational of NiTi devices and implants, particularly for 
biomedical applications. 

to conduct this research.
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