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The thesis presents the results of the investigation carried out to determine the
effect of composition of the binder system and sintering cycle of metal powder
binder mixture on the properties of inconel 718 sintered specimens produced by
the Metal Injection Molding (MIM) technique.

In this study, Inconel 718 are the nickel-based superalloys with superior
materials properties range from high temperature mechanical strength,
toughness to resistance to degradation in oxidizing and corrosive environment.
Metal Injection Molding (MIM) is a process that has the capability to produce a
component with complex shaped in high production capacity. Commonly the
process requires the combination of two different types of materials; metal power
and several thermoplastic materials which act as a binder system.

Based on previous studies on Palm Stearin (PS), it has already classified as an
alternative material for the existing binder material. PS is derived from palm oil
and it has been formulated for suitability for use in the MIM process. The main
advantageous of using PS in MIM process is it has various elements with
differences in the weight composition and temperature. It can benefit greatly
during debinding process as it can be removed gradually, thus indirectly helps in
maintaining the original structure and shape of the debound part. The earlier
removal of PS, helps to form capillary holes for the removal of the remaining
binder. To determine the properties of sintered part using these palm oil
derivative binder, a PE-PS binder system are developed with the combination of
PS and Polyethylene (PE), and it is compared with conventional binder material
named PE-PW-SA, combination of PE, Paraffin Wax (PW) and Stearic Acid
(SA).



The Inconel 718 and binder system are mixed together at 160 °C for 2 hours.
The mixture of both materials is considered as feedstock were then injected
molded into a tensile test shape. The binder system then was removed through
the debinding process and sintered in vacuum atmosphere at 1260 °C for 6
hours with 3 different sintering cycles. The comparison are made between these
specimens contain of two different binder system based on the physical and
mechanical properties of Inconel 718 (IN718) sintered parts and micrograph
observation.

This study has discussed the effect of palm oil derivative, as compared with
conventional binder systems, on the physical and mechanical properties of the
injection molded Inconel 718 sintered parts sample. As an alternative binder
system in MIM, the results showed that combinations of palm stearin and inconel
718 can produce sintered parts that able to meet Metal Powder Industries
Federation Standard (MPIF) 35 in terms of physical and mechanical properties of
the sintered MIM part and supported by good results of microstructure behavior.
This has proved that palm stearin can be applied with metallic material; Inconel
718 in the production of aerospace components using metal injection molding.
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Tesis ini membentangkan hasil kajian yang dijalankan untuk menentukan
kesan komposisi sistem pengikat dan kitaran sintering ke atas gabungan
serbuk logam dan bahan pengikat dan sifat-sifat spesimen Inconel 718 yang
telah disinter setelah ianya dihasilkan menggunakan teknik Pengacuan
Suntikan Logam (MIM).

Dalam kajian ini, Inconel 718 adalah superaloi berasaskan nikel dengan ciri-ciri
bahan yang unggul berkisar dari kekuatan mekanikalnya yang berkebolehan
dari segi suhu yang tinggi, ketahanan terhadap terhadap pengoksidaan dan
persekitaran yang mengakis. Pengacuan Suntikan Logam (MIM) adalah proses
yang mempunyai keupayaan untuk menghasilkan komponen yang kompleks
dalam kadar tinggi dari segi kapasiti pengeluaran. Kebiasaannya proses ini
memerlukan kombinasi dua jenis bahan; serbuk logam dan beberapa bahan
termoplastik yang bergabung dan berfungsi sebagai sistem pengikat.

Berdasarkan kajian terdahulu mengenai Palm Stearin (PS), ianya telah
diklasifikasikan sebagai bahan alternatif untuk bahan pengikat yang sedia ada.
PS berasal daripada minyak kelapa sawit dan ia telah dirumuskan bersesuaian
untuk digunakan dalam proses MIM. Kelebihan utama menggunakan PS dalam
proses MIM adalah ia mempunyai pelbagai elemen dengan perbezaan dari
segi komposisi berat dan suhu. la dapat memberi manfaat yang sangat besar
semasa proses penyahikatan kerana ia boleh diekstrak secara beransur-ansur
dan berperingkat-peringkat, oleh itu ianya secara tidak langsung membantu
dalam mengekalkan struktur asal dan bentuk bahagian yang telah
diyahikatkan. Penyingkiran awal PS, membantu membentuk lubang kapilari
untuk penyingkiran bahan pengikat yang selebihnya. Untuk menentukan hasil
ciri-ciri spesimen yang menggunakan pengikat turunan minyak sawit ini yang



telah dibakar pada suhu tinggi, sistem pengikat PE-PS dikembangkan dengan
gabungan PS dan Polyethylene (PE), dan ianya dibandingkan dengan bahan
pengikat konvensional yang dinamakan PE-PW-SA, kombinasi PE, Paraffin
Wax (PW) dan Stearic Acid (SA).

Inconel 718 dan sistem pengikat telah dicampur bersama-sama pada suhu 160
°C selama 2 jam. Campuran kedua-dua bahan itu dipertimbangkan sebagai
bahan suapan kemudian disuntik dan dibentuk menjadi spesimen ujian
tegangan. Sistem pengikat kemudian dikeluarkan melalui proses penyahikatan
dan dibakar dalam keadaan vakum pada suhu 1260 °C selama 6 jam dengan
tiga kitaran sintering yang berbeza. Perbandingan dibuat ke atas spesimen-
spesimen ini yang mengandungi dua sistem pengikat yang berlainan
berdasarkan sifat-sifat fizikal dan mekanikal Inconel 718 (IN718) bahagian
yang telah dibakar pada suhu tinggi dan pemerhatian mikrograf.

Kajian ini telah membincangkan kesan turunan minyak kelapa sawit,
berbanding dengan sistem pengikat konvensional, pada sifat fizikal dan
mekanikal suntikan yang dibentuk sampel Inconel 718 yang telah dibakar.
Sebagai sistem pengikat alternatif untuk MIM, keputusan menunjukkan bahawa
gabungan stearin sawit dan Inconel 718 dapat menghasilkan bahagian dibakar
yang mampu memenuhi Standard Persekutuan Serbuk Industri (MPIF) 35 dari
segi sifat fizikal dan mekanik bahagian MIM tersebut dan disokong dengan
hasil yang baik dari keadaan mikrostrukturnya. Ini telah membuktikan bahawa
stearin sawit boleh digunakan dengan bahan logam; Inconel 718 dalam
pengeluaran komponen aeroangkasa menggunakan acuan suntikan logam.
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CHAPTER 1

INTRODUCTION

1.1 Overview

Advancements on the aviation and flying machine industry have been quickly
growing after some time, and stay up to date with the most recent innovation has
moved toward becoming piece of regular day to day existence for the fulfiiment
of human needs. Based on flight segment, the enhancements of materials
utilized as a part of airplane gas turbine motors which constitute 50 % of
aggregate aircraft weight must ensure its reality persistently. Aircraft gas turbine
motors make brutal situations for materials because of the high working
temperatures and high stress level (Furrer and Fech, 1999). Superalloys are the
type of materials that can adapt to the most astounding temperature and able to
withstand serious mechanical burdens and strains in oxidizing conditions.
Generally, in light of Ni, Fe or Co, these are the type of superalloys with
unrivalled materials properties as the materials can go into high temperature with
good mechanical quality and good in strength for protection from corrosion in
oxidizing and destructive condition. Accordingly, these materials are utilized as a
part of aviation and aircraft industry, as well as in ship, train, petro-chemistry and
nuclear reactor ventures (Kushan et al., 2012).

Until now, costly manufacturing processes such as machining, investment
casting, and hot isostatic pressing have been used for the fabrication of small
complex shape of aeronautic parts. In the current industry, casting is often used
to process superalloys. However, their products usually combine low
dimensional tolerance, rough surface finish and element segregation. Recent
material shortages and increases in raw material costs have justified the
development of a novel processing route for the fabrication of aeronautic parts
(Julien and Després, 2006). An alternative process is metal injection molding
(MIM), which offers improved cleanliness, better element homogeneity, finer
grain size and a more uniform distribution of precipitating phases. IN-100 and
Udimet-700 made by Lange indicated that MIM is a viable method in providing
the products which can meet the requirements of geometry and property at low
cost (Youhua et al., 2010).

An innovation known as Metal Injection Molding (MIM) utilizes the forming
advantage of injection molding yet is appropriate to metal and ceramics. This
procedure requires a little amount of polymer with an inorganic powder to form a
feedstock that can be put into mold. In the wake of forming, the polymeric folio is
extracted and the remaining shaped powder is sintered, regularly to close
hypothetical densities (German and Bose, 1997). Materials handled through MIM
incorporate most common ceramics and alloys — steel, stainless steel, tool steel,
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silicon nitride, cemented carbide, silicon carbide, copper, tungsten heavy alloys,
nickel-base alloys, alumina, cobalt-base alloys, and composite that include
tungsten-copper and molybdenum-copper. Other than these customary
materials, MIM can likewise deliver claim to fame materials, for example, silicon
carbide, nickel superalloys, intermetallics, precious metals, and ceramic-fiber
reinforced ceramic composites.

Several studies shown that Inconel 718 can be fabricated using MIM. However,
most of these studies use the conventional binder material, for instance;
Polyethylene, Paraffin Wax and Stearic Acid in their MIM process. In this study,
the Inconel 718 samples have been fabricated using Metal Injection Moulding
technique at Metal Injection Molding (MIM) lab, Advanced Materials Research
Centre (AMREC), SIRIM Berhad. The sintered samples have been examined
based on its physical and mechanical properties, fire test evaluation and
microstructure observation.

In recent years, several research studies were conducted at Metal Injection
Moulding (MIM) lab, Advanced Materials Research Centre (AMREC), SIRIM
Berhad purposely to evaluate palm stearin which derived from palm oil, as a
potential binder material. The research work on this new binder material are
varies on metallic material such as titanium alloy and stainless steel. Ibrahim et
al., (2010) has studied the potential of applying palm stearin on the injection
moulding of Oral Maxillofacial (OMF) titanium alloy implants and work has
continued until pre-clinical study and it was reported by Ibrahim et al., (2014).

The findings of this study are also supported by several other studies on the
physical, mechanical properties and microstructure evaluation of the injection
molded titanium alloy sintered part fabricated with palm stearin by Suleiman @
Ahmad et al., (2008), Suleiman @ Ahmad et al., (2013) and Suleiman @ Ahmad
et al. (2014). Sulaiman @ Ahmad et al., (2011) have focused on the influence of
palm stearin on the metal injection molding of stainless steel 316l sintered parts
and it applied on fabrication of orthopaedic and maxillofacial implants.

1.2 Problem Statement

The increasing demand makes the industries looking for a better option to cope
with the continuous increased cost of the material and manufacturing process,
besides being able to improve the surface finish, properties, and shorten the
manufacturing time. The manufacturing of Inconel 718 parts that were good in
terms of its physical and mechanical properties, and have the capabilities to
withstand destructive condition specifically for aerospace parts is a major
concern. The common method to produce Inconel 718 parts such as machining
is a costly process, parts made using casting usually has low dimensional
tolerance, rough surface finish and element segregation. Metal injection molding
(MIM) is the method that can be used to overcome this issue. Early studies by
Valencia et al., (1994) and Valencia et al., (1997) has shown the capabilities of
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MIM to produce Inconel 718 parts, however the use of hydrogen during sintering
and additional of second process; hot isostatic pressing that has causing a lot
more cost in the manufacturing process. The choices of binder material are also
crucial to health and environment aspect as some conventional binder system
such as Stearic Acid (SA), Paraffin Wax (PW), Palmitic Acid (PA), and several
other binders, made of petroleum wax and natural acid that can cause several
side effects in humans and natural environment. Inhomogeneity of binder in a
feedstock due to the unbalanced and immiscibility between binders in the binder
system has cause induces in powder segregation during injection process and
affects the final properties of injected samples (Royer et al., (2015) and (Royer et
al.,, (2016)).

1.3 Objectives

In response to the issues, the overall objective of the study were focus on
applying the MIM process to produce sintered Inconel 718 parts that meet the
Metal Powder Industrial Federation (MPIF) standard. The development of
feedstock of Inconel 718 is necessary to ensure that the early stages of mixing,
injection and debinding can be established. The Palm Stearin (PS) as an
environmentally friendly binder are applied as part of the components in a binder
system and this system are compared with another binder system that used
conventional binder materials. Powder loading were determined in earlier stages
in order to find the most homogenous powder-binder ratio of a feedstock. In
order to produce the optimized sintered properties of Inconel 718 parts, three
sintering cycle were design to be run in vacuum condition by referring to several
steps in the sintering cycle from the journals and combine with the existing
thermal pyrolysis debinding - sintering cycle. The intention is the physical and
mechanical properties of the sintered part can be obtained without using
hydrogen and also without the need to add a second process to the sintering
process.

The specific objectives of this study are:

1) To investigate the compatibility of a novel binder system based on palm oil
derivatives; palm stearin use to fabricate Inconel 718 tensile test sintered
parts by Metal Injection Molding (MIM) technique as compared to a
conventional binder system.

2) To analyse suitable sintering cycles on Inconel 718 tensile test sintered parts
based on its physical and mechanical properties, and microstructure
observation of Inconel 718 tensile test sintered parts.

3) To identify the optimum solid loading with different powder/binder ratio by
comparing the physical and mechanical properties, and microstructure
observation of Inconel 718 tensile test sintered parts.



1.4 Scope of Research

Therefore, the scope of this master research is optimizing the parameter from
the previous study in order to improved physical and mechanical properties and
acquired good microstructure behaviour. The Inconel 718 samples with
fabricated using feedstock within range of 66 vol.%, 68 vol.% and 70 vol.% of
solid loading, two types of binder system; palm stearin; PE-PS and conventional;
PE-PW-SA were fabricated using MIM technique and sintered at 3 different cycle
with high temperature set equally at 1260 °C for 6 hours.

15 Research Questions

The listed research questions were raised in order to prove or disprove the
accepted hypothesis:

1) How the differences in the manufacturing methods of producing Inconel 718
aerospace parts from the conventional method can affect the physical and
mechanical properties, and microstructure behaviour?

2) Are the injection moulded Inconel 718 parts being able to meet the required
aerospace standard?

3) Is the MIM process able to proof its capability as compared to the
conventional process in terms of the physical condition of the sample?

1.6 Hypothesis

The objective of this study is driven based on the accepted hypothesis that
fabricated Inconel 718 aerospace parts using the MIM process will indicate
similarity in terms of physical and mechanical properties to the parts
manufactured using the conventional process which includes machining, casting
and hot isostatic pressing.

1.7 Thesis Organization

Before the experiment take place, a literature review of this topic has been
conducted in order to provide more understanding and clear view of the study.
The reading that relates to this study covers on the materials and binder
properties, the process of fabrication the tensile test shape samples using MIM
technique and analysis on the physical and mechanical properties and
micrograph observation of sintered specimen. All of this information is including
in Chapter 1.



Chapter 2 covers on the basic principles of MIM process, the main process that
involves in MIM and all the parameters that involved in producing the tensile test
shape samples. Explanation and description of the testing process on the
fabricated specimen were elaborated in Chapter 3. This includes characterization
of the specimen according to MPIF Standard 35 that related to physical and
mechanical properties of sintered specimen. Micrograph observation and
analysis of the materials in powder and specimen form that produced from every
process of MIM is also described in this chapter.

All the results of the samples are discussed in Chapter 4, where this clearly
shows the results on determining the ratio between Inconel powder and binder
system to form a feedstock, measurement of dimension and weight of injection
molded tensile test shape samples before and after the debinding process and
lastly the sintered samples. The micrograph observations are focused in identify
the microstructure behaviour of all sintered samples based on their condition
after it was etched using chemical etchant. Comparison are made based on the
physical and mechanical properties between each parameter, type of binder
system and powder-binder ratio. Chapter 5 concludes the findings and final
discussion of overall experiments, additional information on improvements and
future plans for this topic.
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