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ABSTRAK

Proses pemendapan lapisan demi lapisan oleh DMD akan menghasilkan sifat-sifat
bahan yang tidak homogen pada bahan yang telah didepositkan. Dalam kajian ini,
kimpalan gas lengai tungsten akan digunakan untuk menjalankan proses pemendapan
pada Waspaloy. Sifat bahan yang tidak homogen akan dibentuk daripada
pemendapan lapisan demi lapisan Waspaloy disebabkan pengedaran haba yang
dinamik semasa process pemendapan. Oleh itu, pelbagai prosedur rawatan haba akan
diberikan kepada dua sampel iaitu logam tempayan Waspaloy dan Waspaloy yang
didepositkan. Dalam pembelajaran ini, kesan daripada suhu dan masa rawatan haba
pada mikrostruktur dan kekuatann dua bahan tersebut. Sample yang telah diuji
dengan rawatan haba larutan (solution treatment) telah menunjukkan kekerasan yang
rendah berbanding dengan sampel yang diuji dengan rawatan haba larutan dan
rawatan haba penuaan. Rawatan haba penuaan pada 16 jam dan 30 jam telah
menunjukkan kenaikkan pada kekerasan bahan. Kekerasan telah maningkat dari
403.2HV ke 430.8HV bagi sampel yang diuji dengan rawatan haba larutan pada
1080°C. hasil dari kajian ini, rawatan haba yang optima yang boleh diuji adalah sama
dengan standatd rawatan haba yang diuji pada logam tempayan Waspaloy iaitu
rawatan haba larutan pada 1080°C diikuti dengan rawatan haba penuaan pertama
pada 845°C dan akhirnya rawatan haba penuaan pada 760°C. masa untuk stiap
rawatan haba telah meningkatkan kekerasan bahan boleh digunakan pada rawatan
haba larutan selama 4 dan 25 jam, rawatan haba penuaan pertama selama 4 jam,
8jam dan 16 jam manakala untuk rawatan haba penuaan kedua adalah selama 16 jam
dan 30 jam. Variasi pada setiap masa rawatan telah meningkatkan kekerassan pada

bahan tersebut.



ABSTRACT

The deposition layer-by-layer of direct metal deposition will produce the
inhomogeneous material properties of the deposited material. In this study, tungsten
inert gas (TIG) welding process was used to conduct the deposition process on
Waspaloy. The layer-by-layer deposition of Waspaloy will form the inhomogenous
of the material properties because of the dynamic distribution of heat during the
deposition process. Thus, various heat treatment procedure has been applied to two
types of sample; as-received Waspaloy and deposited Waspaloy. In this study, the
effect of heat treatment temperature and time towards the microstructure and
hardness variations on two sample of Waspaloy were investigated by using optical
microscope and hardness test. By undergo the solution treatment, the as-received and
deposited Wasaploy had the lowest hardness and strength compared to sample that
undergo solution treatment and double ageing process. The ageing process for 16
hour and 30 hour has shows the increased hardness value of the deposited sample
which undergo solution treatment at 1080°C. The increase value was from 403.2HV
to 430.8HV. From the study, the results has shown that the optimun heat treatment
temperature were similar to the standard heat treatment that apply for wrought
Waspaloy which is solution treatmemt at 1080°C followed by stabilization at 845°C
and ageing process at 760°C. The time for solution treatment were 4 hour and 25
hour, stabilization were 4 hour,8 hour and 16 hour and ageing process were 16 hour
and 30 hour subjected to air cool condition. The various of time in each of the

treatment still give the higher value of hardness among all samples.
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CHAPTER 1
INTRODUCTION

This chapter introduces the background of the nickel-based alloy which has been
deposited layer by layer using the direct metal deposition tungsten inert gas
welding and the mechanical properties after the heat treatment process. The
project’s objectives, scope and the problem statement is provided. The work
planning and instruction also has been discussed in this chapter and thus the

overview of this project has been outlined.

1.1 Background

Direct metal deposition is the process that use the application almost same as the
welding process that occur now. It use the high power laser, plasma arc, electron
beam and electric arc as the source to melt the powdered and wire metal and making
a deposited layer by layer to form a three dimensional product. This process can fully
fabricated the parts directly from the CAD data. Today, this process has been widely
used in the industrial application such as aerospace and aircraft repair, thermal
management and many more. The materials that can be used in the deposition

process are such as metal powder, nickel superalloys, and matrix composite material.

The study on the reparability and surface deposition by tungsten inert gas (TIG)
process on Waspaloy has been made by Gregori and Bertaso (2004). From the study,
Gregori and Bertaso (2004) has state that the weld metal and HAZ hardness of the
material almost completely recovered after the heat treatment of deposited Waspaloy

and the y’-phase re-formed in the HAZ during the heat treatment.



In this study, the material that has been use to undergo this layer by layer deposition
process is nickel-based alloy. This material is the most complex among all of the
superalloy and has the high phase stability of face-centered cubic (FCC) nickel
matrix and the capability to strengthen by a variety of direct and indirect means. The
microstructure of nickel-base alloy are consists in different phases which are gamma
phase, denoted y, gamma prime precipitate, denoted y' and carbides and borides
(Smith, 1993). A typical type of the nickel based alloy used is Waspaloy. Waspaloy
is one of the nickel base alloys with an excellent high temperature strength and good

corrosion to resistance, notably to oxidation, and for critical rotating application.

The layer by layer deposition process can form or produce inhomogeneous material
of the deposited Waspaloy due to the dynamic heat distribution during the process.
Heat treatment is one of the alternative ways to alter the material properties. The
carbide formation at the grain boundary during the deposit Waspaloy also will affect
the mechanical properties of the material. Thus, the carbide formation and types of
grain boundary distribution of the material can be control by the heat treatment

procedure.

1.2 Problem Statement

Layer by layer deposited process is one of the process that applying the metal
powder and wire onto the improper surface or also can be describe as one of the
repairing process for the uneven product beside can produce the three dimensional
product from the CAD data. There are several of materials that can be used in this
process but the material that use in this study is Waspaloy. This material has its own
properties and can affect the mechanical properties of the part produce. The layer by
layer deposited Waspaloy by using TIG welding will produce the inhomogenous
structure due to the dynamic heat distribution during the process. This inhomogenous
structure is difficult to determine its actual melting point, thus the structure should be
in homogeneous. To obtain the homogenous structure, the heat treatment will be

applied on the deposited Waspaloy. Different heat treatments that apply to the
2



material can bring to the different mechanical properties and microstructure of the
deposited Waspaloy. So, in this study, the affect of different heat treatment

conditions on the material properties of the deposited Waspaloy will be investigated.

The different temperature and time that use on the heat treatment process also will
cause the changing of the microstructure of the deposited Waspaloy thus also
contribute towards the changing in its mechanical properties. So, the effect of the
temperature and time towards the microstructure is determined by using the Optical
Microscope. From the microscope, the difference of the microstructure and its

arrangement of the treated deposited material can be figure out.

However, the types of grain boundary that form from the deposited Waspaloy also
are a critical situation because it can affect the mechanical properties of the material.
The discrete type of carbide should be obtained to ensure that the deposited
Waspaloy has the high mechanical properties that can resist fracture rather than the
continuous carbide formation (film). So, the types of boundary formation in the

deposited layer of Waspaloy need to be determined.

1.3  Objectives

o To determine the effect of different temperature and time that can affect the
microstructure of deposited Nickel-based alloy.

. To study the effect of heat treatment condition on the hardness properties of
deposited Nickel-base alloy.

. To suggest the optimum heat treatment condition that can gives the
homogeneous material properties and desire types of grain boundaries

formation of deposited Nickel-based alloy.
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Scopes

This study will focus on the deposited Waspaloy after the various heat treatments.

The mechanical properties of the deposited Waspaloy for each specimen are

determined by using the microhardness testing machine. The strength and the

hardness will be figure out from this process. For the microstructure and types of

boundary formation of the deposited Waspaloy, the microstructure can be captured

by using the optical microscope. From the microstructure that has been obtain, the

further study of the different heat treatment can be introduce to obtain more detail

information of the deposited Waspaloy.

1.5

Work Planning

The planning for this Final Year Project (FYP) has been listed in the table below.

The Gantt chart has been attached together and can be referred at Appendix A and

Appendix B.
Table 1.1: Work Planning for FYP 1.
NO WEEK TASK
1 1 Consultant and first meeting with supervisor to discuss about
the selected topic.
2 I-15 Gather the information for the literature review
3 3-6 Completion of Chapter 2
4 6-8 Preparation and completion of Chapter 1
5 8-10 Explore info for Chapter 3 and survey equipment for lab
6 10-11 Experiment planning and conduct experiment testing
7 11-12 Submission and edit Draft Report
8 12-13 Amalgamation of three chapters and completion of PSM 1
9 13 Finalize and submission of report
10 14 Preparation of FYP 1 presentation
11 15 FYP 1 Presentation




Table 1.2: Work Planning for FYP 2.

No Week Task

1 1 Preparation for the experiment

2 2-3 Experiment implementation

3 3-7 Testing stage for specimen

4 6-8 Further testing for data accuracy

5 7-9 Analyzed and discuss on the experiment results

6 9-11 Completion of chapter four

7 11-12 Completion of chapter five

8 12-13 Completion of full report

9 14 Edit and correct the draft of full report

10 15 Submission of full report (Comb binding)
11 15-16 Presentation for FYP presentation

12 16 FYP presentation

13 17-19 Submission of full report (Hard bound)

1.6 Summary

The overview of the study is described followed by the problem statement. From the
problem statement that has been figured out, a list of objectives were carried out to
solve the problem. For successfully carried out the study, scope of the study was

determine further by the work planning schedule.
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