


































    

 

CHAPTER 1 

INTRODUCTION 

 

 

This chapter introduces the basic Ni-based superalloy concept of directly deposited 

Waspaloy, in terms of its microstructure and heat treatment process. Background and 

problem statement are also stated in this chapter. Finally, the objectives, scope, overview 

of report and importance of study are outlined. 

 

 

1.1  Introduction 

 

Nickel based superalloys are widely used in the manufacturing of aircraft component 

whereby their work conditions are at high temperature. It is also used for gas turbine 

engine components that call for considerable strength and corrosion resistance at high 

operating temperatures. Current and potential applications include compressor and rotor 

discs, shafts, spacers, seals, rings and casings, fasteners and other miscellaneous engine 

hardware, airframe assemblies and missile systems.  

 

Ni-based can be either solid solution or precipitation strengthened. In the most 

demanding applications, such as hot sections of gas turbine engines, a precipitation 

strengthened alloy is required. Most Ni-based contain 10 to 20 % Cr, up to 8 % Al and 

Ti, 5 to 10% Co, and small amounts of B, Zr, and C. Other common additions are Mo, 

W, Ta, Hf, and Nb. In broad terms, the elemental additions in Ni-based can be 

categorized as being  γ formers  (elements that tend to partition to the  γ matrix),  γ'  

formers (elements that partition to the γ' precipitate, carbide formers, and elements that 

segregate to the grain boundaries. Elements which are considered γ formers are Group 

V, VI, and VII elements such as Co, Cr, Mo, W, Fe. The atomic diameters of these 
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alloys are only 3 to 13% different than Ni (the primary matrix element). γ' formers come 

from group III, IV, and V elements and include Al, Ti, Nb, Ta, Hf. Moat R.J. et 

al.(2009).The atomic diameters of these elements differ from Ni by 6 to 18%. The main 

carbide formers are Cr, Mo, W, Nb, Ta, Ti. The primary grain boundary elements are B, 

C, and Zr. Their atomic diameters are 21 to 27 % different than Ni. Moat R.J. et al. 

(2008) 

 

The suitable heat treatment will be performed to provide oxidation resistance as well as 

precipitation strengthening. The addition of elements such as Cr, Al, Ti and Co will 

create the excellent properties for these alloys. Predominantly component or products 

are made by casting or by machining from wrought material. However the cost for 

maintenance and repairing for this material is higher and need a much time. One such 

process is termed Shaped Metal Deposition (SMD) which involves direct metal 

deposition by robotic TIG welding using CAD model to control the robot tool path, thus 

an effective process for depositing complex three-dimensional structure for rapid 

manufacture and component repair. Elemental microsegregation and varying micro 

hardness have been observed in the as-deposited material. Heat treatment can be applied 

to obtain a more homogenous microstructure and uniform mechanical properties. 

 

The general aim of this project is to study the effects of heat treatment on the 

microstructure of weld-deposited. This study will concentrate on Waspaloy, and 

consider what happen to the properties of the material as the temperature and time of the 

standard heat treatment are varied. Optical microscopy and scanning electron 

microscopy will be used to observe phases that develop in the alloy. All samples will be 

subjected to microhardness testing and where applicable, micro hardness testing to 

analyses the material‟s resistance to plastic deformation. In this study, the microstructure 

and micro hardness of the deposits especially in terms of carbide formation will be 

investigated to establish the effect of condition heat treatment 
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1.2 Background of the Problem 

 

Based on the recent research, Carbides, principally M23C6 are particle that act as point 

strengtheners at grain boundaries. They also provide some degree of strengthening and 

are necessary to control grain size in the wrought Waspaloy. Although Waspaloy is a 

well-established wrought material, it has characteristics that make it difficult to 

successfully fusionweld . For example, it can be susceptible toweld and heat affected 

zone cracking and porosity formation. (Hussein, N.I.S .et. al., 2008) 

 

At the elevated temperature at which these Waspaloy operates, many microstructure 

evolution processes can occur, such as MC carbide dissolution. In order to obtain 

maximum strength in the alloy, the γ' precipitate must form and grow to the optimal size. 

 

The purpose of this research is to study the effects of heat treatment and suitable heat 

treatment duration on the microstructure of deposited Waspaloy compared to wrought 

Waspaloy. The variable temperature and time of the standard heat treatment will be used 

to determine the properties of the material. 

 

 

1.3 Problem Statement 

 

Based on the review of previous work, several question need to be answered in this 

study such as how the temperature and time affect the microstructure especially the 

carbide formation in direct deposited Waspaloy after being subjected to Solution 

Treatment, Stabilization and Ageing. That also, which heat treatment condition give the 

influence to the microhardness variations and finally, what is the optimum heat 

treatment condition to achieve optimum microhardness properly almost 420 kg mm
-2

, 

such as hardness of wrought Waspaloy after 1080
º
C/4H/AC + 845

º
C/24H/AC + 

760ºC/16H/AC . (Hussein, N.I.S .et. al., 2008) 
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1.4    Objective 

(a) Study the effect of heat treatment temperature and time carbide formation 

and hardness of deposited Nickel based superalloy 

(b) Optimizing the mechanical properties of Nickel based superalloy 

 

 

1.5 Scope and overview of report 

(a) Study the effect of heat treatment temperature to of deposited Nickel based 

superalloy. 

(b) Study the time carbide formation of deposited Nickel based superalloy. 

(c) Study the mechanical properties in the deposited Nickel based superalloy 

structure 

(d) Study the potential of deposited Nickel based alloy as a superalloy 

In order to examine the microstructural features sample were cut from the deposits and 

heat treated in a tube furnace under argon. Three heat conditions were employed namely 

solution treated (ST), solution treated and age (ST&A) and ageing. ST sample were 

given the following variable temperature. This is for to investigate how the different 

time heat treatment process affected the microstructure and microhardness of the 

deposits Waspaloy. The samples were prepared and etched using standard procedures 

and were examined using optical microscopy. The microhardness of the deposits along 

the build direction were determined from the cross-sectional samples. Tests were 

performed using Vickers microhardness test instrument with load as shown in figure 1.1 
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Figure 1.1: Flowchart of scope of study. 
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1.6 Importance of this Study 

 

(a) To apply the advantages of deposited Nickel based superalloy in term of 

engineering technology. 

(b) Analysis the potential of Nickel based alloy as a superalloy 

(c) Develop deposited as Nickel based alloy as one of the raw materials for 

technology application.  
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CHAPTER 2 

LITERATURE REVIEW 

 

 

 

This chapter reviews metallurgy of Waspaloy and its heat treatment process. Summary 

of this topic is related or refer to the previous research by observing the effect of heat 

treatment temperature and time on carbide formation and hardness. 

 

 

2.1  Superalloy 

 

A superalloy, generally refers to high performance alloy. It is also known as a metallic 

alloy, which its elements of 75 % of the 112 elements in the periodic table of the 

elements and are found towards the left-hand side and the bottom of the table the 

properties of superalloy basically are creep resistance at high temperature, exhibits 

excellent mechanical strength, oxidation resistance and corrosion. 

 

Usually, superalloys have a matrix with an austenitic face-centered cubic crystal 

structure. The element base alloying is usually nickel, cobalt and chromium. Typical 

applications are in the aerospace, industrial gas turbine and marine turbine industry, for 

example for turbine blades for hot sections of jet engines. (Dempster, I.et. al.,2005) 

 

 

 

 

 

 

                         7


	1.pdf
	2.pdf
	3.pdf



