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Abstract. Recently, porous nickel titanium (NiTi) made from nickel (Ni) and tita-
nium hydride (TiH») has been used for biomedical implants such as staples due
to its pseudo-elastic and shape memory behaviour. Many methods are available to
produce porous NiTi such as casting, metal injection moulding process, and addi-
tive manufacturing process. The metal injection moulding is one of the famous
methods in producing porous NiTi. To obtain a good flowability during the injec-
tion process, it is important to find the ideal powder loading before conducting the
injection moulding process. In this paper, the critical powder volume percentage
(CPVP) and mixing process were discussed to determine the optimum powder
loading for the feedstock before conducting the metal injection moulding process.
From the calculation, the critical powder loadings for 50.0 at% Ni and 50.4 at%
Ni were 69.6% and 71.4%, respectively. The ideal powder loading should be 2%
to 5% from the critical powder loading. Therefore, the ideal powder loadings for
50.0 at% Ni was 65.5 and 67.5% vol%, while the ideal powder loadings for 50.4
at% Ni was 67.5 and 69.5 vol% .

Keywords: Nickel titanium - Critical powder loading - Injection moulding

1 Introduction to Porous Nickel Titanium

Nickel titanium (NiTi) has many potential applications in the engineering industry. Due
to its unique shape memory effect (SME) and pseudo-elasticity (PE), it can be used as an
active, adaptive or a smart structure for biomedical applications [1]. It has been reported
that most biomedical materials for bone implant research have been produced by powder
metallurgy routes such as metal injection moulding (MIM) [2]. MIM is the best method
to produce complex shapes and small parts because it can create a variety of components
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from metal powders [3]. Most green parts cannot be injected well during the injection
moulding process due to the lack of knowledge on powder loading value. To obtain a good
flowability during the injection process, it is important to find the ideal powder loading
to feed the powder into the barrel. Several methods can be used to determine the critical
powder loading such as mixing torque analysis or critical powder volume percentage
(CPVP), melt flow density approach, and viscosity versus composition [4]. In this study,
CPVP was carried out to determine the critical powder loading before mixing the powder
with binder to produce feedstock [5]. A successful injection moulding process could be
achieved with a good understanding of powder mixture and the rheology behavior [6].

1.1 Methodology

In this study, the Ni atomic percent of 50 at% and 50.4 at% was used to investigate the
optimum powder loading for each composition. The CPVP technique is a modification
of ASTM D281-12 for the standard test of oil absorption [7]. During this process, oleic
acid (C13H340;) was added together with Ni and TiH; into the Brabender mixer. The oil
based oleic acid was added to the Brabender machine until the torque reading reached the
highest peak. Powder loading is calculated using the optimum powder based on 2% to
5% of critical powder loading [8]. Oleic acid was dropped for 5 min alternately until the
maximum torque value was reached. When the critical powder loading was achieved, the
torque value started to decrease with the addition of powder The change of torque was
recorded until the critical powder loading reached to a substantial decrease of torque.
The CPVP then can be calculated using Eq. 1 as follows:

Vr
CPVP = 100 x -~
Vo (1)

Vf = volume of oleic used at highest peak
_ Weight of powder(g)
0= Density of powder(g /cm3)

1.2 Results

During the CPVP technique, the torque development graph was plotted from the
Brabender equipment as shown in Fig. 1:

Figure 1 shows that 12 mL of oleic was needed for 50.0 at% Ni, while 11 mL of
oleic was needed for 50.4 at% Ni to achieve the maximum torque. From the calculation,
the critical powder loadings for 50.0 at% Ni and 50.4 at% Ni were 69.6% and 71.4%,
respectively. Then, two powder loadings were prepared from the CPCV value for each
composition. As reported by German (1997), the ideal powder loading should be 2% to
5% from the critical powder loading [4]. Therefore, the ideal powder loading for 50.0
at% Ni were 65.5 vol% and 67.5% while the ideal powder loading for 50.4 at% Ni, it
were 67.5 vol% and 69.5 vol%.

Next, the torque analysis was used to analyse the homogeneity of the feedstock
throughout the mixing process. The analysis shows that high powder loading resulted in
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Fig. 1. Comparison of maximum torque and oleic acid used for 50.0 at% Ni and 50.4 at%Ni.

high maximum torque level. With the torque analysis, the homogeneity of the feedstock
can be estimated correctly to avoid prolonged mixing process due to the deterioration
of binder that produced the inhomogeneity of feedstock [10]. Figure 2 shows the three
stages of mixing process: Stage 1, Stage 2, and Stage 3.
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Fig. 2. Mixing behaviour at different compositions and powder loadings.

Stage 1 is the preliminary stage of mixing process that indicates the time required
before achieving the maximum torque. During this stage, the powder and binder were
fed into the mixer alternately until the maximum torque was achieved. It took about 15
min before it reached the critical torque value. For Stage 2, the torque peak represents
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the loading of powder after the binder was fed into the mixer. Meanwhile, the stabilized
torque after the peak corresponded to the friction caused only by the feedstock. The
highest peak was obtained by 50.4 at% Ni (69.5 vol%), followed by 50.4 at% Ni (67.5
vol%), 50.0 at% Ni (67.5 vol%), and 50.0 at% Ni (65.5 vol%). The patterns of the torque
values were consistent for all volume powder loadings.

Powder loading significantly affected the torque values where the torque value
increased with the increasing of powder loadings [11]. This change was due to the greater
friction as a result of greater amount of powder compared to binder; thus, extra force
is needed for the blades to consistently mix a higher viscous mixture. For the powder
loading of 69.5 vol%, more time was required for the mixture to achieve a steady torque
variation compared to the other powder loadings. Stage 3 shows the time required for
the feedstock to achieve steady torque value. Practically, the feedstock was continously
mixed for 30 min to detect any torque changes during the process. No significant torque
changes were detected at Stage 3, which indicates that the feedstock was homogenously
mixed.

2 Conclusion

As conclusion, to obtain a good flowability during injection moulding process the pre-
liminary observation such as critical powder loading observation, and torque analysis is
important to obtain a homogenous mixture.
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