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Abstract

Thermal decomposition behaviours of the binder constituents have been identified to influenced
the quality of metal injection moulding (MIM) feedstock and sintered parts. This research
investigates the thermal characterisation of the binder constituents and wax-based aluminium
MIM feedstock. The binder system is composed of paraffin wax (PW) - 65 wt.%, high density
polyethene (HDPE) - 30 wt.% and Stearic acid (SA) - 5 wt.%. While, the wax-based aluminium
MIM feedstock is formulated with the proportions of the binder constituents and 99.999% pure
aluminium powder at solid loading of 62 vol.%. Thermal characterisation technique employed for
the evaluation of the binder constituents and wax-based aluminium MIM feedstock were
differential scanning calorimetry and thermogravimetric analysis (TGA). Significant changes
were observed for the binder constituents at various temperatures 45 “‘C and 60 °C (PW), 135 °C
(HDPE), 75 °C (SA) and 45 °C, 60 °C, 135 °C (Wax-based aluminium MIM feedstock) on the DSC
profiles. While TGA results revealed that binder constituents can be removed completely around
580 °C from the wax-based aluminium MIM feedstock. Thermal behaviour of the binder system
established will be useful for setting suitable injection moulding temperature, development of the
thermal profile(s) for debinding and sintering processes of the aluminium MIM micropart
production.

Keywords: aluminium, metal injection moulding, paraffin wax, thermal characterisation, wax-
based feedstock.

1. Introduction

Metal injection moulding (MIM) is an advanced powder metallurgy technique which integrate
plastic injection moulding with powder injection moulding, originally developed for processing
ceramic parts. This microfabrication technique has been utilized for various metal powder
processing ranging from ferrous and non-ferrous metals [1-3]. However, aluminium MIM is still
reported as empirical findings and industrial aluminium MIM feedstock is yet to be established as
obtained for ferrous metals. This may be attributed to quite a number of issues which include:
formation of thin oxide layer, low melting point, highly reactivity, difficulty in achieving full
densification during sintering [4]. Despite these challenges encountered, processing of aluminium
and aluminium alloys [4-8] by MIM technique is explored.

Formulation and mixing of powder-binder constituents is the first process of the technique, then
follow by injection moulding, debinding and sintering processes. Therefore, success of the MIM
for production of defect-free and high-quality sintered part; strongly depends on binder system.
Binder systems developed for various metal powder injection moulding can be categorised as
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follow: petroleum, green and/or water soluble [9-15]. The petroleum-based are further grouped
into wax-based [7] and polymer-based [12] binder systems. Though a binder system usually
contains two or more components that are carefully chosen for specific task. For instance, the
polymer provides stability and strength required, stearic acid usually used as dispersant and wax
is added to enhance flowability. The wax-based binder systems were found to be suitable for
powder injection moulding technique [2]. Meanwhile, thermal behaviour of a binder system is
investigated in order to determine suitable injection moulding temperature. In addition, it is used
for development of suitable thermal profiles for debinding and sintering processes of the MIM
feedstock. Therefore, this study examines thermal characterisation of binder constituents and
wax-based aluminium MIM feedstock.

2. Materials and methods

The composition of the binder system and proportions of the constituents is as follows: paraffin
wax (PW) - 65 wt.%, high density polyethene (HDPE) - 30 wt.% and stearic acid (SA) - 5 wt.%.
Aluminium powder with 99.999% purity was used for the formulation of the feedstock. The wax-
based aluminium MIM feedstock is formulated with the proportions of the binder constituents at
solid loading of 62 vol.%. [2, 7]. Samples of the aluminium powder and binder constituents as
received from the supplier are shown in Fig. 1, prepared samples of aluminium MIM feedstock
are shown in Fig. 2. Physical properties of the binder constituents and aluminium powder are
shown in Table 1. Density of the aluminium MIM feedstock is theoretically evaluated to be
2.0284 g/cm3 at 62 vol.% solid loading.

Fig. 11. Samples of the powder used and binder constituents as received: a - Al; b - PW; c - SA; d - HDPE
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Fig. 2. Samples of the wax-based aluminium MIM feedstock as prepared: a - 3 mm pelletise; b -
granulated; c - 8 mm extruded

Table 1. Physical properties of wax-based binder constituents and aluminium powder

S/N Binder constituents/ powder Density, g/cm3 Chemical structural/ symbol
1 PW 0.92 CuHzn+2
2 HDPE 0.96 (C2Ha)n
3 SA 0.94 CHs3(CH2)16COO0H or C1gH3602
4 Aluminium 2.70 Al

Thermal characterisation of the binder constituents and wax-based aluminium MIM feedstock
samples was investigated using thermogravimetric analysis (TGA) and differential scanning
calorimetry (DSC) [11, 15]. The DSC is used for the determination of the melting point of the
binder constituents and aluminium MIM feedstock samples. About 15 mg of the samples were
carefully weighed and sealed in aluminium crucibles of 40 pl, placed in the DSC chamber and set
at 10 °C/min of heating rate, and readings were recorded from 30 °C to 210 °C for various samples
of the binder constituents and aluminium MIM feedstock.

Furthermore, the thermal stability and decomposition rate of the binder constituents and
aluminium MIM feedstock samples were investigated using TGA. About 20 mg of the samples each
was carefully weighed and loaded into the TGA machine and the analysis was conducted under
vacuum atmospheric conditions. The tests were conducted from 25 °C to 600 °C at a scanning rate
of 10 °C/min.

3. Results and discussion

Results of the thermal characterisation of the binder constituents and aluminium MIM feedstock
samples investigated are shown in Figs. 3 and 4. The DSC spectrum of the wax-based aluminium
MIM feedstock shown in Fig. 3 reveal the homogeneity of the of powder-binder mixture as various
peaks depict the presence of binder constituents (PW, HDPE and SA).

Similarly, the TGA of the binder constituents and aluminium MIM feedstock samples were
investigated, results obtained are shown in Figure 4. It was observed that no residue of PW and
SA were obtained at 575 °C. This indicates the suitability of multi-step debinding; involving
solvent extraction to be followed by thermal debinding. In addition, it is evident from the TGA
spectra that the wax-based aluminium MIM feedstock gain more weight from 525 °C; this
phenomenon characterising unalloyed aluminium was reported by Schaffer and Hall [16].
Furthermore, some notable thermal characteristics of the binder constituents and aluminium
MIM feedstock is hereby summarised in Table 2, based on DSC and TGA respectively.
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Fig. 3 DSC thermogram of the binder constituents and wax-based aluminium MIM feedstock
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Fig. 4. TGA of the binder constituents and wax-based aluminium MIM feedstock
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Table 2. Thermal characteristics of the binder constituents and wax-based aluminium MIM feedstock

S/N | Binder constituents/ Melting Point, | Weightloss | Rapid weight | Weightloss
feedstock °C start loss end
temperature, | temperature, | temperature,
°C °C °C
1 PW 58 182 242 481
2 HDPE 139 181 346 477
3 SA 72 180 233 580
4 Aluminium MIM feedstock | 660 188 277 525

Comparative analysis of the results shown in Table 2, weight loss of the binder constituents began
from 180 °C. Therefore, injection moulding temperature can conveniently be set slightly below
this temperature within the range 150-179 °C. Furthermore, development of the combine or
separate thermal profile(s) for debinding and sintering must consider at least a soaking/ holding
time at 346-480°C to burn-off the polymer constituents in order to produce carbon free parts.

4. Conclusions

The following conclusions are drawn:

1. Melting and degradation temperature range of the binder constituents were established.

2. Significant changes were observed for the wax-based aluminium MIM feedstock at various
degradation temperatures of the binder constituents, indicating homogenous mixture of
powder-binder.

3. The degradation temperature determined for the binder constituents and wax-based
aluminium MIM feedstock will be useful in setting injection moulding temperature,
development of the thermal profiles for debinding and sintering processes using this binder
system.
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