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ABSTRACT

This project aims to compare and see the performance of the material of tungsten carbide
cobalt (WC-Co) with a different coating (6%, 9% and 12%) with and without the coating
(titanium aluminium nitrate (AITiIN) for friction stir welding (FSW). The proposed material
uses two kinds of an experiment which is Vickers hardness test and scratch test data to
compare and see the material performance. The higher the cobalt content, the higher the
hardness of the materials. In the other hand, the adhesion of coating will decrease as the
higher the cobalt content in the materials. The reason why the performance of the material
needs to be compared because each of the material carries a different value of hardness and
adhesion strength. In order to find a very strong material that can withstand sudden heat
change and excessive friction, these materials need to be tested in term of strength and
adhesion strength. The coating is essential because it can prolong the material life, and it
can act as a lubricant to the friction stir welding tool. The strong the adhesion of the coating

with the material, the longer the material life span.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND STUDY

Friction stir welding (FSW) was introduced to the world in 1991 at The Welding Institute
(TWI) in the UK. FSW is a new type of welding by using heat from friction to fuse two
metal together. The rotation of the pin and shoulder of the FSW tool will heat the workpiece
by friction; the heat of the friction will then bind the workpiece together [2] [3] [4] [5].
Initially, this type of welding is using soft material like aluminum as its base material.
Because of this type of welding look promising, more study and research is made to
increase the performance of FSW for high strength material [2] [3] [4] [5]. Because of that,
a new type of material was introduced to make the FSW tool more durable and last long.
One of the materials that are known for this type of welding is Tungsten Carbide (WC). It
is a high strength material commonly used in FSW because it is durable and cheaper
compare to the other high strength material. Because of that, to increase the strength for
the material, Titanium Aluminum Nitrate (TiAIN) is added to the WC as a coating to act
as a lubricant and to strengthen the material [3]. Besides TiAIN, Diamond-like carbon
(DLC) also act as coating and the hardness be compared to the diamond. When compare
between DLC and TiAIN, DLC is more durable and stronger than AITiN plus can prolong
the material life much longer. Another type of material that is used in FSW is
Polycrystalline cubic boron nitride (pcBN) and one of the high strength materials that are
used in FSW. This material is very strong and can be compared to diamond strength.
However, when compared in high temperature, the hardness of pcBN is exceeding diamond
[3]. Because of this characteristic, pcBN is one of the most preferred material in FSW but
the downside with this material is the price is high. On top of that, the coating is an
important aspect to FSW tools in order to keep the material strong, durable and lifelong.
Chemical Vapour Deposition (CVD) is one of the coating processes where volatile
precursor reacts to form a solid coating on a heated substrate where it transports by vapour
phase at the reaction chamber. This process required high temperature and a lot of material
can be deposited by using this method which is metal, sulphides oxide and carbide [6]. The

reason why tungsten carbide is chosen in FSW because of the characteristic of this material,
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which can withstand sudden change in temperature and loading during the welding process
[7]. Also, WC can be mixed with other material to form stronger material like Co, Fe, and
Ni.

1.2 PROBLEM STATEMENT

Friction stir welding is initially used in soft metal such as aluminium and its alloy. The
performance of this type of welding is impressive from commercial welding. It is because
the result of this type of welding is outstanding due to the surface of the welding process
is nearly smooth. Also, the bond between the metal is stronger than the mainstream method.
Because of that, many applications start using FSW to join the metal such as aircraft

structure, production of train care bodies and production of a fuel tank barrel.

Metal matrix composites (MMC) comprise of metal alloy strengthened with ceramics.
Metal matrix composites are widely used in many fields and have a high demand for
aerospace applications because it has better mechanical properties than metal alloys.
Conventional welding on MMC may be developed porosity and cracking [8]. The tool that

is usually used in FSW for MMC is a steel tool, and it has some drawback.

The main drawback is that the current tool tends to undergo rapid and severe tool wear due
to the contact between the tool and the stronger particle reinforcement [8]. It is vital to
preserving the tool as the development of void could occur as the progressive wear of the
tool removes the features that help the material to stir during the FSW process [8]. In order
to decrease the wear rate, the material needs to be stronger than aluminium. In this project,
the material that been chosen is tungsten carbide cobalt coated with titanium aluminium

nitrate.



1.3 OBJECTIVE

e To study the relation between cobalt content and material hardness
e To investigate the adhesion strength of TiAIN coating on different substrates of
cobalt content (6%, 9% and 12%)

1.4 SCOPE OF STUDY

The focus of this study is to compare the most suitable and durable cobalt content to
the tungsten carbide (WC). This is because some content does not suitable with
tungsten carbide, which will make the adhesion between them not last long and will
make the tools wear faster. Tungsten carbide with a mixture of 6%, 9% and 12% cobalt
content will undergo hardness test and adhesion test to see the durability of the material
and also to the adhesion strength for each of the cobalt content. Also, the tools that will
be used in this experiment is only a cube of WC-Co 6%, 9% and 12% and not the FSW
probe/pin.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Many researchers have been experimented on Friction Stir Welding (FSW) tools with
different material to see the performance of the material on high strength materials.
Although there are many types of research on this topic, there is little knowledge of
Tungsten Carbide Cobalt (WC-Co) with different content on FSW. This paper will focus
on the performance of WC-Co with different content which is 6%, 9% and 12% and the
adhesion strength of WC-Co with this cobalt.

2.2 Development of FSW

A FSW tool is one of the essential components in order to complete the process. The
common tool usually consists of the round shoulder and cylindrical pin, which will rotate
to create heat to the workpiece [8]. This heat produced from the friction will soften the
workpiece; this softened material will move around to form a joint when it cooled. The
advantage of FSW is that it can prevent the common problem in fusion welding, which is
liquation cracking, solidification and loss of volatile alloying element [8]. This advantage
is the reason why the widespread of FSW in soft alloy and aluminium. However, the FSW
process is exposed to sudden change temperature and high stress when it comes to high
strength material such as steel or titanium alloy that will limit the application of FSW to
the commercial application because it will increase the cost and decrease the life span of
the FSW tool.



2.3 Development of FSW tool

Initially, aluminium alloy is used in FSW before the high strength material is introduced.
However, Aluminium matrix composite (AMC) is more durable than aluminium alloy
when compared in term of wear resistance, fatigue life, temperature resistance and high
strength to weight ratio. The other thing that makes the AMC is better than aluminium alloy
iIs AMC has higher mechanical properties and because of that AMC have a higher demand
in aerospace industry. According to Patthi et al. [9], FSW end product produce no visible
defection the two plate are welded together as typical onion flow is observed after welding
and there is no additional phases to show the retention of the material using the H13 steel
tool. The welding process does not produce sufficient heat to cause phase changes, as there
is no real proof of phase changes between the base metal and the welded zone. This study

has shown that FSW can weld AMC perfectly without porosity and cracking.

2.4 Modifying of FSW tool

FSW tool have two main part which is shoulder; to generate heat and to prevent expulsion
and pin; to penetrate into the material, stir and sweep the plasticised material with rotation
[10]. Steel is commonly used in FSW tool, but it has very low resistance to wear after each
welding. The wear rate is the major problem of FSW on Metal Matric Composite (MMC)
as the tools steel experiences great wear rate when contact between the tool with the
reinforce particle during welding. The wear rate is the crucial problem on MMC as the tool
experience major wear rate due to contact between tool and base material during welding
work. According to Ashish et al [11], the tool's wear rate is faster at the start of the FSW
process because the material and tool is still cold and the weld forces are higher. The
welding speed also play the part in Wear rate of the tool due to the maximum wear rate at
the beginning of the welding process. The lower the speed the higher the tool's wear rate.
When the material is hotter, the force needed is less and will decrease the wear rate. The
wear rate of the material will be affected by 3 factors, rotation rate, transverse speed and
distance welded. In order to promote the stirring of material and to reduce the likelihood
of deformation, it is important to maintain the shape of the tool. Wear rate is the amount of

material loss from the tool after welding the material. There are many methods of



determining the wear rate. Based on Prater et al [12], wear rate of the tool is measured by
measuring the changes in the weights of the tool. After each welding pass, the mass of the
tools will be measured to calculate the percentage of wear. The equation for finding the

wear shown below:

mi —mf
—— x100% = % wear
mi

Where mi, is the initial mass and mf is final mass.

This method of measuring the wear rate could be done as it will indicates clearly the
percentage of wear of the tool. But the disadvantage of this measurement is the measuring

machine must have small precision as it will affect the result of the experiment.

The second method in which the wear rate is determined by using the variation of the
diameter. After welding the samples, the tools are put into 5% of sodium hydroxide
(NaOH) to eliminate the aluminium that stick to the tools. Then the tools were photograph
using digital camera mounted in the optical microscopic system. The wear rate of the tool

is measure by equation below.

do — df

variation = x 100%

variation

wear rate = -
travel distance

Whereby do is the initial diameter and df is the final diameter. This method needs to use
optical microscopic system to get the images of each tool. Using this method, the location
of the maximum wear rate could be identified easily as the minimum diameter is the part
of the tool that experience highest wear rate.

The third method is by using imaging software develop by Prater [12]. After each welding,
the probe was submerged into the solution of water and Sodium Hydroxide to remove the
aluminium that stick to the probe. Then the images of the probe were imported into imaging
software. Wear of the probe is calculated by comparing the pre-weld and post-weld images
of the probe. The percentage tool loss is calculated by the reduction of the cross-sectional

area. 1 cm square grid is used to determine the area of each image of the probe.
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The fourth method is by comparing the tool image weight. Prado et al [13] calculates the
wear rate by calculating total volume consumption. The nib was photographed vertical to
the axis before and after welding. A series of photographs were obtained with a fixed
magnification and the outline of each nib cut out of standard photographic printing. The
cut-out print was weighted and compared to the rate of change from the initial tool nib. The
percentage tool wear was obtained by calculating the loss based on the original projection

of the tool. The percent tool lost is shown below:

original tool image weight — specific tool image weight
percent tool loss = — - - x 100%
original tool image weight

Among all the methods, the change of mass and area are the most practical method and

these methods must be done correctly to prevent any error.

There are 4 methods to modify the FSW tools on MMC. Each of the alternatives is used to
change the wear rate of current tools. In order to able to replace the current tools, tools
material must achieve several characteristics in choosing the tool for FSW tool which

include

e Wear resistance

e Has a good thermal fatigue strength when undergoing repeated thermal cycle

e No harmful effect to the base

e Has low thermal coefficient of thermal expansion

e At ambient and elevated temperature, it has good strength, dimensional stability
and creep resistant

e To prevent damage during plunging and dwelling, it has good fracture toughness

One of the ways to improve the wear rate is by coating the tools. According to Contorno et
al, AISiTin and AISICrN coating on steel tools were analysed to detect the changes in wear
rate of the coated and uncoated tools in AMC in 20% of Silicon Carbide. The parameter
for this study was 1000rpm, tool feed is 300mm/min and tilt angle of 2 degree. From this
study, these coating made no difference of wear resistance of the tools as some parts of the
coating was completely removed due to glue effect of the coating with the tools. The
reduction of thickness can reduce glue effect of the coating of the tools. Meanwhile
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Uzun[19] used TiAIN coating on Tool Steel to weld the AMC with 25% of Silicon Carbide,
with rotational speed and travel speed were 800rpm and 120mm/min. In the EDX maps,
there are only carbon silicon and aluminium material in the specimen which means that the
coating is not even wear. Therefore, it is important to have the suitable coating and

thickness in order to reduce the wear rate of the tool.

2.5 Development of Tungsten Carbide as FSW Tool

The development of tungsten carbide (WC) in FSW is still ongoing because of the
characteristic of WC. The researcher such as Rai et al [8] and Selvam et al [3] found that

the WC is not sensitive to sudden change in temperature and load during welding.

Choi et al [24] shows that the extreme wear had occurred at the tungsten carbide cobalt
alloy tools between the edge and pin centre after welding on steel plate by using rotation
speed is 1600 rpm and transverse speed is 15cm/min. In order to reduce the wear rate of
the tool and produce a more last longer tool, the tool could possibly be initially shaped with
a steady-state geometry. There are three potential mechanisms that cause the wear of the
tools, oxidative wear of tungsten carbide, and a fatigue of the cobalt binder and a formation

of a ternary W—Fe—O compound.

Liu et al [13] has studied tungsten carbide cobalt alloy tool on Al-Si alloy matrix and 30%
volume of silicon carbide by using rotation speed is 2000rpm and 1500rpm, and transverse
speed is 25-150mm/min. Liu discovered that the wear rate of the tool varies at each location
and the minimum wear occurs in the upper half-part of the pin and maximum wear occur
at the other half part near the shoulder. From this study, the maximum wear rate is occurred
at the beginning of the welding. The welding rate is inversely proportional to the welding
speed. The welding rate fluctuates along the travel distance of the welding. For the first
1.27m, the wear rate decreases as the travel distance increase and after 1.27m the wear rate

increase as the travel distance increase.



Liu et al [25] has continued studied the tungsten carbide cobalt alloy tool on aluminium
matrix composite with 30C% silicon carbide using constant welding rate at 2000rpm and
increasing welding speed which is from 25mm/min to 150mm. Lie has concluded that all
parameter can be used to produce a defect free joint. The welding speed has important
effect on the weld joint variously and higher welding speed could increase the process of
agglomeration of the silicon carbide which leads to inconsistence of deformation at the

upper part and lower parts of the joint.

According to Batalha[26] by using tungsten tool coated with nitride (Al, Cr)N coating on
titanium alloy at using the rotation speed is 1500, rpm and transverse speed is 50mm/min,
the tungsten carbide tool had undergone wear and the coating was totally damage after the
FSW processing. There is no residual trace of its components throughout the worn tool, so

that the real causes of the coating layer could not be detected.

In this study, tungsten carbide cobalt (WC-Co) is coated with titanium aluminium nitrate
(TiAIN) is used. Prater et al [12] claimed that the life of the tool can be increase by using
the harder material in FSW. The higher the hardness ratio of the material, the wear rate will
be decreased. As the material can be stopped from fractured, material is been coated with
TiAIN can be effective in preventing the wear. This coating act as lubricant so that it will
reduce the friction while FSW process is been in progress. For cemented carbide tools
(WC-Co), micrograin tools have poor wear performance compared to submicrograin
structure. It is because tinier particles can be worn more easily by abrasive action. Rough
grains appear to resist the abrasive wear of FSW tools.

2.5.1 FSW Tools

Initially, FSW is made for the soft material like aluminium and soft alloy because of it soft
and easy to weld by this method. When performance show by this method is impressive,
FSW is move to the next level where it is now welding a high strength material. However,
the problem with this material is that the tools use for FSW is wear drastically compared
to aluminium and soft alloy. Because of that, selecting the right tools for FSW is one of the

important things in welding for high strength materials.



The common tools that are used for high strength material are tool steel, W based tools and

Polycrystalline cubic boron nitride (pcBN) tools.

Tools steel

Material such as magnesium alloy, brass and composites of the metal matrix are
typically welded using steel devices. Lee et al. (2009) have discussed Al-Mg
welded alloy with lower carbon steel in lap joint configuration using tool steel as a
tool material without extreme wear by placing the softer alloy Al-Mg on top of the
steel plate and avoid direct contact with the steel plate of the tool. The harder
workpiece is often positioned on the advanced side in the butt joint configuration
and the tool is offset slightly from the butt interface to the softer workpiece.

W based tools

Commercially, pure tungsten (cp-WC) is durable at high temperature, but at
ambient temperature, it also has low toughness and wears faster when used as a
medium for titanium alloys and FSW steel. Cp-W exposure to 1200 °C excess
temperature can cause cp-W to recrystallise and break down at ambient temperature
when cooled. Adding rhenium to it can reduce the transition from ductile to brittle.
Tungsten carbide (WC) is very good because it can withstand up to 1650 HV and
the material can also withstand sudden temperature changes. It is also one of FSW's

favourite material that is easy to get and low cost. [3]

Polycrystalline cubic boron nitride (pcBN) tools

pcBN is durable because it can stand elevated temperature while remain the
material strength and hardness and also have high-temperature stability. It is one of
the preferred tool materials for FSW of a hard alloy such as Ti alloys and steels.
Even with all the good characteristic, the downside of these materials is the cost is

very expensive [3].
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CHAPTER 3
METHODOLOGY

3.1 Process Flow of Methodology

The methodology of the Final Year Project is summarize in the form of flow process
below:

Design of
the
\ENCIEL

Hardness
Test

Fabricate
of the
Material

Cutting
Process

Report Writing
and
Documentation

The process flow of methodology start with the design of the material which is rectangular
shape with the dimension of 8cm x 1cm x 1cm. This shape has been chosen because the
main objective of this study is to study the hardness and adhesion strength of FSW material.
With this shape, it will be easier to conduct an experiment for the material. The dimension
for this material need to be done and finalize before send it for fabrication. After the
dimension of the material is finalize, the drawing will be sent to Microcarbide Sdn Bhd to
produce the material. After that, the rectangular material need to be cut cube size with
dimension of 1cm x 1cm x lcm. that is because the scratch test need a smaller size of
material in order to conduct the testing. Then, mechanical testing were done to study the
morphology of the material. The test include hardness test and scratch test. When the result
is analyzed, further study for the experimentation need to be done by comparision of
research paper. Last but not least, all report must be written and documented on every data
that have been collected.
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3.2 Experiment Work

Before starting this experiment, some preparations need to be done to ensure that the

experiment is running smoothly.

3.2.1 Materials Preparation
For material preparation, the tools for this experiment is ordered from
manufacturer due to lack of material provided in UTP and no specific
equipment for fabrication of tools. Tools that are used in this experiment are
WC-Co 6%, WC-Co 6% TiAIN, WC-Co 9%, WC-Co 9% TiAIN and WC-Co
12%, WC-Co 12% TiAIN. The first step for testing is the readiness of the
material in order to execute the project plan smoothly and on time. This material
is coated by using Physical Vapor Deposition (PVD) process. In this process,
the material which is WC-Co was evaporated by bombardment with ions by
sputtering process. At the same time, a reactive gas (gas that cointaining carbon)
was added and formed a compound with the metal vapor where was deposited
on the rectangular shape WC-Co as a thin coating. To get the uniform coating,

the material needs to be rotate at constant speed with different exes.
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3.2.2 Tools Preparation
The tests that need to be done on the material is the Vickers hardness test and
friction/scratch test. Before the testing stated, the material are cut into cube size
with dimension of 1cm x 1cm x 1cm. That is because some experiment like
scratch test only fit smaller size of material. After cutting process is done, to
use the Vickers equipment for hardness test, student need to book the equipment
by using the UCS system. For scratch test, UTP did not have the machine for
this test. The student need to find external resources in order to proceed with
the testing. To ensure the experiment going smoothly, early preparation or

booking needs to be done.

3.3 Mechanical Testing
During this study, some mechanical testing has been done to the cube of WC-
Co to study the morphology of the material. The testing that involve is hardness
test and scratch test.

3.3.1 Hardness test
The hardness test is to measure the resistance of the material to permanent
deformation such as indentation, abrasion, wear, and scratch. The importance
of hardness test is to show the relationship between hardness and material
properties. This test is preferred because it is nondestructive, easy and
straightforward. The hardness test that will be doing in this experiment is the

Vickers hardness test.
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Vickers hardness test

Vickers hardness test is the test to see the hardness of the material through
indentation. Vickers test is versatile because it can be used with any metal due
to the indentation tool that Vickers using is diamond pyramid indenter. The
basic principle of this test is to observe the material hardness to resist plastic
deformation made by diamond pyramid indenter. With that indentation, the
surface area of the indentation is measured horizontally and diagonally. The
unit that is used in Vickers hardness test is HV also known as Vickers Pyramid
Number or DPH also known as Diamond Pyramid Hardness. This value shows
the hardness of the material, the higher the HV value, the higher the hardness
of the material.

a) b) ©)

Figure 2: Vickers principle a) the diameter of diamond b) the diamond
indenter shape c) the indentation on the surface of the material
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The test use constant force and constant dwelling time at all the testing to make sure the
reading can be compared with other material. Below are the equation and parameter used

in the testing.

F R
HV = 1.8544 = (Equation 3) Parameter Value
Test force (N) 1000

dl+dz2
2

d= (Equation 4)

Dwelling time (s) 15

Table 6: Parameter of
Vickers Test

3.3.2 Adhesion test
An adhesion test is the testing to see how good the adhesion of the coating with
the material. It is important because some material cannot stick well with the
coating. Even the material is strong, but without the help of coating, the wear
time of the material will be faster compared to coated material. In this project,
the scratch test is used to see the adhesion strength by using the friction of the
diamond indenter against the sample. This friction will show the critical scratch
load and critical displacement of the sample surface. With this result, the

adhesion strength of the material can be see and compare with other material.

15



5L . g N 20 b NS %

- P 5 2 - Py S @ % TCIET .
&2 PPN e ST i IR . 3 5 AETAN
e Y filasees

Sample B

Figure 3: Example of light microscopic micrographs of scratches on samples A and B
with different material
Figure 3 shows the scratch mark on the microscopic view on the sample with different

material. In this figure, the morphology of the material can be seen clearly also can
determine the strength of the adhesion of the coating material. The experiment use constant
load and max length which is 10 000 mN and 1000 pum. With constant parameter is set, the
result can be observe and compare with other material. Below are the parameter of the

scratch test.

Table 1: Parameter of scratch test

Parameter Value
Load (mN) 10 000
Displacement (um) 1000
Preload Force (mN) |5

16



CHAPTER 4

RESULT AND DISCUSSION

4.1 INTRODUCTION

The drawing of the tungsten carbide cobalt content 12% (WC-Co 12%) material needs
to be finalized before submitting it to supplier. The material shape is rectangular (80mm
x 10mm x 10mm) and it consist of coated with titanium aluminium nitrate (TiAIN) and
uncoated. The supplier had manufactured the material according to the drawing and
dimension. Figure 4 and 5 shows the rectangular tungsten carbide coated and uncoated

and for Figure 6 and 7 shows the cubic tungsten carbide, coated and uncoated.

l
Figure 4: Uncoated Rectangular Tungst  Figure 5: Coated Rectangular Tungsten
Carbide Carbide
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Figure 6: Uncoated Cubic Tungsten Carbide Figure 7: Coated Cubic Tungsten Carbide
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4.2 OPTICAL MICROSCOPE RESULT

Before the experiment on the material is perform, the surface condition of the material
is taken by using optical microscope because the surface of the material need to be
observed. Figure 8, 9, 10, 11, 12 and 13 shows the picture of the surface if the materials
with different type of magnifying glass.

Figure 8: Picture above shows the surface of the WC-Co 6%
a)50X b)100X ¢)500X d)1000X
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Figure 9: Picture above shows the surface of the WC-Co 6% TiAIN
a)50X b)100X ¢)500X d)1000X

c)
Figure 10: Picture above shows the surface of the WC-Co 9%
a)50X b)100X ¢)500X d)1000X
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) S d)
Figure 11: Picture above shows the surface of the WC-Co 9% TiAIN
a)50X b)100X c)500X d)1000X

c)
Figure 12: Picture above shows the surface of the WC-Co 12%
a)50X b)100X ¢)500X d)1000X
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c) d)

Figure 13: Picture above shows the surface of the WC-Co 12% TiAIN
a)50X b)100X ¢)500X d)1000X

22



4.3 HARDNESS TEST RESULT

Each material of tungsten carbide had been tested by using Vickers Hardness Machine in

UTP. The result of the test is shown in the table below.

Table 2: Microhardness test result of WC-Co 6%

No D1 (um) D2(um) F(gf) HV
1 35.52 34.16 1000 1619.4
2 35.31 32.15 1000 1629.9
3 35.36 32.73 1000 1599.9
4 33.55 34.17 1000 1617.4

Average 1616.7

Table 3: Microhardness test result of WC-Co 6% TiAIN

No D1 (um) D2(um) F(gf) HV
1 31.63 27.93 1000 2091
2 29.83 27.92 1000 2224.1
3 31.68 26.81 1000 2168.2
4 29.08 30.68 1000 2077

Average 2140.1
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Table 4: Microhardness test result of WC-Co 9%

No D1 (um) D2(um) F(gf) HV
1 33.23 33.23 1000 1678
2 34.26 32.22 1000 1677.9
3 32.23 34.23 1000 1678.9
4 35.33 31.10 1000 1680

Average 1678.7

Table 5: Microhardness test result of WC-Co 9% TiAIN

No D1 (um) D2(um) F(gf) HV
1 29.37 30.71 1000 2055
2 29.33 30.85 1000 2048.1
3 29.48 30.73 1000 2046.1
4 31.10 29.10 1000 2046.8

Average 2049

Table 6: Microhardness test result of WC-Co 12%

No D1 (um) D2(um) F(gf) HV
1 30.14 35.45 1000 1724.2
2 29.24 35.72 1000 1757.8
3 29.30 35.74 1000 1753.5
4 31.78 33.74 1000 1727.9

Average 1740.7
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Table 7: Microhardness test result of WC-Co 12% TiAIN

No D1 (um) D2(um) F(gf) HV
1 31.35 24.85 1000 1692.6
2 31.67 34.85 1000 1676.3
3 31.42 34.82 1000 1690.5
4 33.98 32.88 1000 1659.3

Average 1679.7

According to Rei et al. [8], the hardness of WC is very good which is at 1300-1600 HV.
The result of the Microhardness Test of tungsten carbide is higher than the expected result
because the machine lighting is not bright enough and will make it harder to see the
indentation at the surface of the material. Because of this, the reading will not be accurate
and will result in the reading to be varied.
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4.4 SCRATCH TEST

Table below shows the result of the critical scratch of the tungsten carbide cobalt (6%, 9%
and 12%) that coated with titanium aluminium nitrate. According to M.S Raguveer et al

[1] the adhesion strength will be decrease as the cobalt content increase. Below are the

result from scratch test on WC-Co (6, 9, and 12%).

Table 8: Scratch test result

Sample Load applied Total distance | Critical scratch Critical
coating with (mN) (um) load (mN) distance (um)
TiAIN
WC-Co 6% 10 000 1000 8494.60 823.10
WC-Co 9% 10 000 1000 6903.93 678.81
WC-Co 12% 10 000 1000 6572.14 648.61

Table 10 shows the result of scratch test for the WC-Co with different cobalt content which
IS 6%, 9% and 12%. The thickness of the TiAIN coating is approximate 4 pm. For the
force/load and distance, the values is fixed which is 10 000 mN and 1000 pm. This value
is set to be fixed because from that value, the comparison can be made between this three
materials. In this experiment, the critical load and critical distance is observe and compare.

The higher the value, the higher the adhesion of the material and the coating.

From the table 8, the WC-Co 6% critical scratch load is 8494.60 mN and the critical
distance is 823.10 um. The value of critical scratch load is more than the other two which
is WC-Co 9% is 6903.93 mN and for the WC-Co 12% is 6572.14 mN. As for critical
distance, the value is also higher than the other two material which is for WC-Co 9% the
value is 678.81 pum and for the WC-Co 12%, the value is 648.61 um. From this result, it
can be conclude that the higher the cobalt content in WC, the lower the adhesion strength

of the material.
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Below are the picture of scratch test on different type of cobalt which is 6%, 9% and 12%
coated with TiAIN. On the picture, the distance of the scratch and the overall scratch
distance is shown. This measurement is using an application that measure by a human.

With that in mind, a parallax error might occur during measurement.

b)

Figure 14: Picture above shows the scratch on the WC-Co 6% material.

a) Shows the total length of the scratch test at 200 um magnifier which is 1000 pm

b) Shows the critical scratch distance at 50 pm magnifier where the starting point the diamond
indenter touch the surface of WC-Co at 836.3 um

Figure 15: Picture above shows the scratch on the WC-Co 9% material.

a) Shows the total length of the scratch test at 200 um magnifier which is 1000 pm

b) Shows the critical scratch distance at 50 um magnifier where the starting point the diamond
indenter touch the surface of WC-Co at 683.81 um
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a) b)

Figure 16: Picture above shows the scratch on the WC-Co 12% material.

a) Shows the total length of the scratch test at 200 pum magnifier which is 1000 pm

b) Shows the critical scratch distance at 50 um magnifier where the starting point the diamond
indenter touch the surface of WC-Co at 675.55 um

From above result, the critical scratch value is shown which is at WC-Co 6%, the critical
distance is at 836.3 um. For WC-Co 9%, the critical distance is 683.81 um and for WC-Co
12%, the critical distance is 675.55 pm. With this value in hand, it can be conclude that,
the more the cobalt content in tungsten carbide, the lower the adhesion between coating

and base material.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

In conclusion, the hardness of the tungsten carbide are WC-Co 6% = 1612.5 HV, WC-Co
6% TiIAIN = 2140.1 HV, WC-Co 9% = 1678.7 HV, WC-Co 9% TiAIN = 2049 HV, WC-
Co 12% = 1740.7 HV, and WC-Co 12% TiAIN = 1679.7 HV. The value might be not
accurate due to technical problem and parallax error. For the scratch test, the critical scratch
load for WC-Co 6% TiAIN is 8494.60 mN while for WC-Co 9% TiAIN and WC-Co 12%
TiAIN are 6903.93 mN and 6572.14 mN. As for the critical distance, WC-Co 6% TiAIN is
823.10 um, WC-Co 9% TiAIN is 678.81 um, and WC-Co 12% TiAIN is 648.61 um. The
result shows that the decreasing of the value for critical distance and scratch load which
follow the assumption that is made in an early experiment where the higher the cobalt
content, the lower the adhesion strength of the coating. While for the hardness, the more

cobalt content, the higher the hardness of the material.

Some improvement has to be made in this study. Firstly, to get an accurate result, the
material needs to be prepared accordingly. Before the coating is applied to the material, the
surface of the material should be grinded and polished well. It is to ensure that the precision
in result reading in the experiment and also to make sure that the adhesion between coating
and base material becomes stronger. The roughness of the material indeed affects the
hardness test result in this experiment. Because of this, the precision of the reading is lower
when adding with the other error, which is parallax error and mechanical error. Besides
that, the machine needs to be calibrated regularly by the professional to make sure that the
machine still can be used by the student. Last but not least, the coating process needs to be
done accordingly by the manufacturer. For this project, the manufacturer ignored the
process detail and failed to give enough information regarding coating detail because it is
confidential information. The result cannot be analyses carefully, and it affects the overall

result in this study.
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