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ABSTRACT

The author’s Final Year Project, which entitled Endurance investigation of
Nitrided Ferritic SS439 Stainless Steel under Torsional Load. The purpose of the project
is to investigate the effect of nitriding on the endurance of the nitride ferritic SS439
stainless steel under torsional loading condition. Nitriding is a thermochemical surface
treatment for strengthen steel purpose. In the process, nitrogen is transferred and may
diffuse into the steel at a certain temperature. Nitriding process recently becomes one of
the attractive case-hardening processes for steel due to its metallurgical achievement like
high surface hardness, improvement in fatigue life and increased wear resistance and
anti-galling properties.The scope of this project includes application of nitriding process
to the Ferritic Stainless Steel SS439 and endurance investigation for the samples before
and after the nitriding process. In this project, low and high temperature gas nitriding has
been applied to ferritic stainless steel SS439. Microstructure, hardness testing, and also
fatigue testing has been done to the base, low and high temperature nitride SS439 to
compare the phase changes happened to the SS439, and also to know the endurance of
the material after treated with the nitriding process. The overall result shown that high
temperature nitriding has higher efficiency than low temperature nitriding to the ferritic
stainless steel SS439. In hardness test, hardness value for high temperature nitride is
higher than low temperature nitride on SS439 on the sample surface and below the
surface. The torsional fatigue testing proved that the endurance of nitride SS439 has
been improved from the base SS439. High temperature nitride SS439 is higher
endurance compared to low temperature nitride SS439 with cycle to failure up to 500000
under 10N loading.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

Stainless steels are widely used in industrial sectors nowadays such as oil and
gas, chemical, food, and other industries. It is because of corrosion-resistant properties
of the steel. However, low hardness and poor wear resistant sometimes limit its
industrial application. In this study, Stainless Steel SS439 will be used as the sample in
the experiment that will be carried out. SS439 has special attention to chemical
composition combined with special processing give this SS439 optimum formability that
is reproducible, coil after coil and heat after heat. Engineering surface techniques is
required in industry to improve workpiece performance and thus increase in wear

resistance.

Heat treatment is one of the surface engineering techniques where it modified the
microstructure of the materials. The resulting phase transformation influences
mechanical properties like strength, ductility, toughness, hardness and wear resistance.
Heat treatment purpose is to increase service life of a product by increasing its strength
or hardness, or prepare the material for improved manufacturability. Hardening,
annealing, normalizing, tempering, and surface hardening are examples of heat treatment
processes. There are many techniques that can be categorize under surface hardening
such as nitriding, carburizing, flame hardening, and many more. However this project

will only using nitriding as the surface hardening process to the Stainless Steel SS439.

The nitriding process was developed in the early 1900s and it is continues to play
an important role in many industrial application. There are various type of nitriding
process such as gas nitriding, plasma nitriding, and salt bath nitriding. In this study, the
author will be focused on gas nitriding process for the Stainless Steel SS439. Nitriding is
a ferritic thermochemical method of diffusing nitrogen into the surface of steels and cast
irons. This diffusion process is based on the solubility of nitrogen in iron and the
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solubility is temperature dependent and also with other parameters. The metal that has
been through the nitriding process will improved in wear and enhance in term of fatigue

endurance.

Reliability is the probability that the item will perform it required function under
given condition within time interval [8]. Until this time present, there are not so much
and widely documented regarding the endurance and reliability of the nitride ferritic
Stainless Steel SS439. So that the reliability of the nitrided material under dynamic
loading will be studied in this project..

1.2 Problem Statement

Ferritic stainless steel SS439 is not one the most commonly used materials in
industrial application nowadays as compared to the austenitic SS316 or SS304 grade
stainless steel. However Ferritic Stainless Steel SS439 has potential to widely used in all
sectors in industrial because of its good thermal properties, but the steels is non-
hardenable. Nitriding is one of the cases hardening process producing a nitride ferritic
stainless steel with high hardness characteristic at the expense of other mechanical and
thermal properties and possible improving of the reliability of the material. Thus far, not
many literatures can be found investigating Reliability analysis of Nitrided Ferritic
SS439 Stainless Steel Rods under torsional loading conditions. Therefore, this study will
investigate the effect of niriding on the endurance of the Nitrided Ferritic SS439
stainless steel rod under torsional loading conditions. The study is required since there
are not widely literature can be found in this topic and result from this study will help

expand the application of the nitride ferritic SS439 stainless steel in the industry.



1.3 Objective
The objectives of this project are:

1. To investigate the effect of nitriding on the endurance of the nitride Ferritic
Stainless Steel SS439 under torsional loading.

2. To compare the hardness and microstructure between unnitrided and nitrided
Ferritic Stainless Steel SS439.

1.4 Scope of Study

The study will be focused on information and data gathering for literature review
of the nitriding process, all the process parameter, and the procedure for the gas nitriding
process. The study also will include the chemical composition, microstructure profile of
the unnitrided SS439. The sources of the information can be from books, journals,
websites, technical paper, research paper, articles, and thesis. Gas nitriding process and
lab works will be carried out for the samples SS439 Stainless. Nitrided Stainless Steel
SS439’s chemical composition and microstructure assessment also will be carried out to
compare the two elements before it is nitride. Hardness test will be done in order to
compare the hardness value between nitride and unnitrided samples.Then fatigue testing
will be done to the samples to do analysis for the effect of nitriding on the endurance of
the nitrided ferritic SS439 stainless steel rod. Modeling is not covered in this study.

1.5 Relevancy of Study
1. Few researches done on the nitriding process to the ferritic stainless steel SS439.

2. Ferritic Stainless Steel SS439 have high heat resistance.



1.6 Feasibility of Study
1. Specified objective and scope of studies
2. This project can be done within the time frame given.

3. All equipment needed are available in UTP laboratory.



CHAPTER 2

LITERATURE REVIEW

2.1 Ferritic Stainless Steel SS439

SS439 stainless steel is one of the widely used ferritic stainless steels in
industrial. The steel has well both oxidation and corrosion and heat resistant [11,12].
Special attention to chemical composition combined with special processing give

this SS439 optimum formability that is reproducible, coil after coil and heat after

heat [11].

Examples of applications for the SS439 in industrial are cold and hot water
tanks, boilers, heat exchangers, and solar water heaters. Besides, SS430 also used for
home and office equipment such as kitchen ware, sinks, hot water services, stoves,

trolleys, food handling equipment, etc [12].

Table 2.0: Chemical composition of ferritic stainless steel SS439 [11]

Composition Percentage
Carbon 0.025
Silicon 0.75

Chromium 17.00 — 19.00
Manganese 0.50
Nickel 0.50
Titanium 0.50

2.2 Fundamental of nitriding process.

Nitriding is a thermochemical surface treatment for strengthen steel purpose
[3,4]. In the process, nitrogen is transferred and may diffuse into the steel at a certain
temperature. The nitrogen precipitated in the form of nitrite in the steel. A compound
layer known as white layer is formed on the steel’s surface. The white layer consist

of Fe2(N,C)1-x and Fe4N phases [2,3,4]. Below the compound layer is known as




diffusion zone, where the nitrogen from the outside are dissolves interstitially in the

ferrite lattice at the nitriding temperature.

Nitriding process recently becomes one of the attractive case-hardening
processes for steel due to its metallurgical achievement like high surface hardness,
improvement in fatigue life and increased wear resistance and anti-galling properties
[1,2]. Nitriding produces less distortion and deformation at the heat treated parts
because of relatively low temperature employed in the process [4]. There are various
nitriding processes that have been implemented in the steel case hardening. The
processes can be classified as gas nitriding, plasma nitriding, and salt bath nitriding.
Nitriding is an important surface heat treatment for ferritic steels and can be widely

used. Therefore, this project will be focused on gas nitriding process.

T=570°C(ferritic) | | [N from medium

s - . ‘Wear/

} - i : =it i

: 8.?;(3’0)1'2 ' N - Compound layer » corrosion
Al ' : resistance
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(alloy nitride endurance
precipitates )

o-iron Diffusion zone

Figure 2.0: Schematic compound layer and diffusion zone structure of nitride
iron/steel [4].



2.2.1 Gas Nitriding

Gas nitriding is a case hardening process whereby nitrogen is introduced
into the surface of a solid ferrous alloy by holding the metal at suitable
temperature in contact with nitrogenous gas, which is usually ammonia [2]. 495
to 565 °C are conventional nitriding temperature for steels and considered as
low-temperature gas nitriding [3]. Ammonia is an unstable thermodynamic state
and decomposes to nitrogen and hydrogen at that particular temperature.
Nitrogen atoms released have the opportunity to either chemically react with or
diffuse between iron atoms [2]. Compound layer or so called white layer are
formed at the surface, it is the formation of iron nitrides [2,3]. The compound
layers are combination of FexN and CrxN, which are nitrogen solid solution and
nitrides. Nascent nitrogen atoms interstially diffuse into octahedral interstices of

BCC structured iron known as diffusion zone, it is beneath the compound layer

[2].

There is high temperature gas nitriding, also known as solution nitriding.
The process temperature is 1000 to 1200 °C exposed in nitrogen gas atmosphere
[3,6]. High temperature gas nitriding is new method of nitrogen addition
involving diffusion process for nitrogen to permeate the surface of stainless steel
through heat treatment in N2 atmosphere at high temperature. After the process,
hardened case will be obtained after being quenched. Strength and hardness of
the steel will be increase by the nitrogen diffusion that occurs. This high
temperature gas nitriding is widely used for improving the hardness of
martensitic, austenitic, ferritic, and duplex stainless steels [3,6,7]. High
temperature nitriding is more effective and more recognizes compared to low

temperature gas nitriding in term of nitrogen diffusion [3].

Temperature and period factor during the gas nitriding becomes a very
important parameter to the process. This is because it can affect the surface
changes, nitrogen content and corrosion resistance [6]. It takes time to change

phase from ferrite to martensite during the process. The time taken is about 10
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hours at 1100 °C for 1.2mm thickness steel sample for the martensite phase
depth to increase and changed the ferrite to the whole martensite phase [6]. The
situation had shown that growth kinetics of the nitride layer depending on the
process time and also nitriding potential [7]. Example of optical micrographs of
Ferritic Stainless Steel after the high temperature gas nitriding at two different

temperature and period are as on the figure below:

= @5@1} TS
4
G ,_SY@‘

\Q

Figure 2.1: Microstructure of ferrite and martensite

For the figure 2.1, the nitriding process occurs at 1100 °C for 15 minutes. The
near surface layer of about 130 um of martensitetic phase is observed, while at further
depth, there is still in ferrite phase [6].



Figure 2.2: Partially changed phase after nitriding process.

For the figure 2.2, the nitriding process occurs at 1100 °C for 10 hours. About

1.2 mm of sample depth has change from ferrite to martensite phase

Figure 2.3: Fully transform phase of ferritic to martensite



Nitriding process occurs at 1050 °C for 10 hours are as shown in the figure 2.3 above.
The relatively fine grain size was observed and the specimen shows the whole thickness

of the steel consist of martensite phase.
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Figure 2.4: Hardness vs Depth below surface graph.

Figure 2.4 shows that the hardness decreases gradually in proportional to the
nitrogen content. This hardness variation is related to the nitrogen content and phases
appeared on the surface layer. Therefore, nitriding process has increase the surface

hardness of steels and other properties.
2.3 Reliability Analysis

In the industries, engineering analysis has advanced to improve reliability
of an engineering system while considering system input uncertainties. Reliability can
be defined as the probability that a system or component will perform a required
function for a given period of time when used under stated operation conditions.
[8,9,10]. Reliability represents safety level in industry practice and may variant due to
time-variant operation condition and components deterioration throughout a product life-
cycle [9]. Therefore, the capability of performing reliability analysis is very important in
practical engineering applications.
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In product development nowadays, many companies are struggling to maintain
and make it balance between the product performance and technical innovation [14].
They realize that the reliability of products is the key for the profit and also involving
the quality and the company’s image itself. The most common criteria to replace or
repair a product in the industrial application is a technical product failure [13,14]. High
reliability products are able to give benefit to user in industrials sector especially in term
of economical and maintainability, as we know the cost for maintenance when include
the replacement of the product will be very high. Thus, decrease the efficiency of the
process and also the maintainability. In cases where the economic lifetime is much
shorter than the technical lifetime, companies will easily replace fully functional
products. If the reverse is the case companies will seek ways to extend the product life
cycle by some strategies and technologies that involved advanced materials available.
Most of the time, seek for products in high reliability is the best way rather than new
product replacement to overcome the pre-mature failure hence save the capital and

operational cost [14,15].

There are several of the causes of failure, and fatigue is one of the main causes of
failures in various structural designs. Most of the structures in industries will subjected
to dynamic loadings over a lifetime, local failures may initiate cascading failures that
may lead to disproportionally large damage or can be collapse [10]. Reliability analysis
cannot give the exact value data of a product life cycle, however can surely estimate it
and very useful to expect the failure for maintainability. The accidents in industrials
sectors will involving a huge cost and affect the socio-economic cost. So that, the
reliability analysis is very important for maintenance purposes especially in order to

avoid pre-mature failure to the system.
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CHAPTER 3

METHODOLOGY AND PROJECT ACTIVITIES

3.1 Flow Chart
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Figure 3.0: Project
Flow Chart
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3.2 Project Activities

3.2.1 Sample Size

Samples in this project will be in dog bone shape. The reason of choosing the

particular shape because for compatibility of the sample with the fatigue testing machine

that will be carried out. Details information for dimensions and number of the samples is

as shown in the table and figure below.

Table 3.0: Quantity of sample for each category experiment

Type of Samples Number of Samples
Unnitrided Ferritic Stainless Steel SS439 9
Low Temperature Nitrided Ferritic Stainless Steel SS439 9
High Temperature Nitrided Ferritic Stainless Steel SS439 9

3T mm

l-'-" 4 mm Din

ﬂ—' 20 mm Rad.
yl

Figure 3.1: Samples detail dimension
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3.2.2 Gas Nitriding Process (Low and High Temperature)

Experiment Procedure:

1.
2.
3.

Gas nitriding treatment will apply to ferritic stainless steel SS439.

The gas nitriding will be carried out in a Alumina horizontal tube furnace.

Gas flow meter is attached between the nitrogen gas cylinder and furnace tube in
order to adjust the flow rate and also to maintain constant flow rate during the
treatment.

Gas outlet tube from the furnace tube is connected to the Drechsel bottle to
slightly increase the gas pressure flown in the furnace.

The sample will be place inside the furnace tube on the sample boat. The sample
must be in the middle of furnace tube right between the heating elements.

The treatment is operates at 1100°C (High Temperature) and 500°C (Low
Temperature) for 10 hours.

The sample will be quenched into water after the treatment.

Other parameters for the nitriding process are as in the table below:

Table 3.1: Parameters for nitriding process.

Parameters Value
Pressure 50 — 100 mmHg
Gas Purified Nitrogen
Temperature rate 10°C/min
Flow rate 1000 cm*/min

i N Furnace housing Heating elements Sample boat

L]

[ [ ‘ I
‘ Furnace Tube| ‘ v
00000000000

Nz gas

cylinder ‘

Gas flow !
meter T ’

[
o= je

‘ ’ ‘ [oo000000000 | | T

‘-‘ J; Support frame —»/’ \
UL /
/ ——
| J | e A-I ‘ /I ﬁ\;’ji
- Base () £5) Drechsel bottie

Figure 3.2: Gas Nitriding equipment setting
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3.2.3 Fatigue Testing

Experiment Procedure:

1.

N oo g &

Conduct the fatigue test at room temperature using the fatigue testing machine as
shown in figure below for 9 unnitrided, 9 low temperature and 9 high
temperature nitriding ferritic stainless steel SS439.

Fit one end of the specimen to a motor and fit the other end to a bearing hung
with a known weight, indicating the stress applied to the specimen.

Start the motor to rotate the specimen at a constant speed. The revolution counter
is used to record the number of cycles to which the specimen fails.

Change the weights used and do the fatigue testing with another samples.

Repeat steps number 1 to 5 with nitride ferritic stainless steel SS439.

Construcr the S-N curves of the stainless steel samples.

Compare the S-N and number of cycle to failure between unnitrided and low and

high temperature nitride stainless steel SS439.

Figure 3.3: Fatigue Testing Machine
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3.2.4 Vickers Hardness Test

Vickers hardness test procedure:

1.

Polish the surface of unnitrided ferritic stainless steel SS439 samples by using
sand paper.

Hardness measurement is carried out using Vickers hardness testing techniques
on the prepared surfaces at 4 positions on each sample.

Press the indenter into the sample by an accurately controlled test force.

Maintain the force for a specific dwell time between 10 to 15 seconds. Remove
the indenter once dwell time completed.

The reading of hardness value is recorded in a table.

Steps 1 to 5 are repeated for low and high nitrided ferritic stainless steel SS439.
Compare the hardness reading between unnitrided and nitride ferritic stainless
steel SS4309.

AN A
F ; SN
/ AN N

136" between &7 N N
opposite faces Pl / ~ “

Figure 3.4: Indentation of Vickers hardness testing.

The formula below can be used to calculate the Vickers hardness value (VCN):

HV = 1.854 F / d?

Where, HV = Hardness Value

F = applied force
d = average length of the diagonals = (d1 +d2) /2, mm

16



3.2.5 Rockwell Hardness Testing

An appropriate scale is chosen to be used.

The indenter moves down into position on the part surface

A minor load is applied and a zero reference position is established.

The major load is applied for a specified time period (dwell time) beyond zero.
The major load is released leaving the minor load applied.

o gk~ w N PF

The measurement is taken.

3.2.6 Abrassive cutter

1. Abrassive cutter is used to cut the samples into smaller dimension.

2. Samples is clamped and lock to make sure it is at fixed position while cutting process.
3. Close the machine cover for safety during cutting process.

4. Take out the samples after the cutting process finished.

Figure 3.5: Abrasive Cutter

17



3.2.7 Sample Mounting
1. Sample is placed at the stages together with phenolic powder.
2. Settle down the sample and push the start button for the process.

3. The parameter for this mounting process are as in the table below:

Table 3.2: Sample mounting parameters.

Parameter Description
Heating time 3 minutes
Cooling time 2 minutes

Pressure 4000 psi

Figure 3.6: Automatic Mounting Machine

3.2.8 Grinding and Polishing
1. Switch on the motor and the tap water on the grinding machine.

2. Start grinding the sample with P400 grinding paper for about 5 to 8 minutes.

3. Change the grinding paper to other grade in increasing grade order. (P800,

P1200,P1500,P2400, and P2500).

18



4. Lastly, polish the sample with the finest polish paper. The diamond paste is applied at
the paper before start polish until mirror light is obtained from the sample.

Figure 3.7: Grinder and Polisher Machine

3.2.9 Etching
1. Kalling solution is prepared for the etching process.

2. 100 ml of hydrochloric acid, 100 ml of ethanol, and 5 grams of copper(ll) sulphate are
mixed in one beaker to produce the Kalling solution.

3. Sample is washed with tap water following by the ethanol to remove the water from
the sample surface.

4. The sample is immersed in Kalling solution for 45 second until the sample surface
become dull.

5. Sample is taken out from the solution and washed with tap water followed by ethanol
again.

6. Let the sample dry before proceed to the optical microscope.

19



3.2.10 Optical Microscope

1.

Clear the surface of unnitrided ferritic stainless steel SS430 and make sure it is in
dry condition.

Switch on the optical microscope and all computer system.

Place the sample under the magnifying glass. Focus and capture the image, save
it in the computer.

Repeat steps 1 to 3 for low and high temperature nitride ferritic stainless steel
SS439.

Switch off the optical microscope.

Compare the results image between unnitrided and nitride ferritic stainless steel
SS439.

Figure 3.8: Optical Microscope
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CHAPTER 4
GANTT CHART AND KEY MILESTONES

4.1 Gantt Chart
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4.2 Key Milestones

X/
°

Extended proposal submission
- Submission of the extended proposal to supervisor and FYP1 coordinator.

A X4

Receiving Sample Stainless Steel SS439.
- Receiving samples from supplier with suitable dimension for experimental
purpose.

X/
°

Interim report submission.
- Complete the interim report and submit to supervisor and FYP1 coordinator.

A X4

Final report/technical paper submission and VIV A assessment.

- Complete all documentation of the project and submit to supervisor and
FYP2 coordinator.

- Viva session with supervisor, internal and external examiner.
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CHAPTER 5
RESULT AND DISCUSSION

5.1 Microstructure

Figures below shows Optical Microscope (OM) image of the cross-section
through the surface and the interior of the Ferritic Stainless Steel SS439. Figure 5.0 is
the OM image for base SS439 and Figure 5.1 is the low temperature nitride and high
temperature nitride is referred to Figure 5.2. The treated layers was clearly visible.
Based on the captured image of the microstructure, the modified layer of the SS439
ferritic stainless steel appear in the samples after ething with Kalling’s soulution. The

diffusion affected zone was developed and observed from the image.

After the low temperature nitriding treatment at 500 °C for 10 hours, the near
surface layer is observed about 300um of martensitic was observed. Below the
martensitic layer, the ferrite phase was still observed in the interior in the figure 5.1.
Means that the low temperature nitriding treatment is unable to change all the ferrite to
martensitic phase at the SS439 samples. After the high temperature nitriding to the
SS439 at 1100 °C for 10 hours, it is observed that the whole thickness of sample was
changed phase from ferritic to martensitic. The diffusion of nitrogen almost contant at

the particular parameter in nitriding treatment.

As conclusion for metallurgraphy, since high temperature nitriding develop fully
phase changes to the SS439, the low temperature nitriding treatment at 500 °C for 10
hours can be considered as not sufficient enough to the SS439 to be nitride at the
parameters. The statement can be supported by Hakan Aydin in his journal tittled
“Friction characteristics of Nitrided Layers on AISI 430 Ferritic Stainless Steel Obtained
by Various Nitriding Processes” stated that gas nitriding procedure at 570 °C for 13
hours was not sufficient to form a hard nitride layer on AISI 430 ferritic stainless steel

surfaces.
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Figure 5.0: Microstructure of Base S5439 Sample (100x
Magnificent)
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Figure 5.1: Microstructure of SS439 Low Temperature Nitriding Sample (100x

Magnificent)

25



Y
A a8

£ 3 [ Pl 5 '
Ty “ir_' - J e
S Tin S

100pum

Figure 5.2: Microstructure of S5439 High Temperature Nitriding Sample (100x
Magnificent)



5.2 Rockwell Hardness Testing

Rockwell Hardness Testing is used to examine the hardness at the surface of base
SS439, low temperature nitride SS439, and high temperature SS439 samples. For each
sample, five indent points are made to take the average Rockwell Hardness value. The

details of data are as in the table below.

Table 5.0: Rockwell Hardness Value for Base SS439

Sample Reference

Indentation Point

Rockwell Hardness
Value

Average Value

A

94.4

93.4

94.2

955

B
C
D
E

945

94.4

Table 5.1: Rockwell Hardness Value for Low Temperature Nitrided SS439

Sample Reference

Indentation Point

Rockwell Hardness
Value

Average Value

A

98.6

97.9

98.5

98.5

B
C
D
E

98.1

98.3

Table 5.2: Rockwell Hardness Value for High Temperature Nitrided SS439

Sample Reference Indentation Point Rockwell Hardness | Average Value
Value
A 108.3
B 109.5
C 109.7 100.4
D 109.4
E 109.9
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Figure 5.3: Rockwell Hardness Value Comparison

From the testing, the result shown Rockwell Hardness Value (RHV) for Base
SS439 is 94.4, low temperature nitride SS439 is 98.3, while high temperature nitride
SS439 is 109.4. By comparison, LTN SS439 hardness value is slightly higher than the
hardness value of base SS439 by 4.13%. There is not much increase in hardness after
low temperature nitride treatment. After the SS439 is received high temperature
nitriding treatment, the hardness value increased from 94.4 to 109.4, which is the value
up to 15.89%. Therefore, high temperature nitriding treatment improved the SS439 in

term of hardness efficiently than low temperature nitriding.
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5.3 Vickers Hardness Testing

In order to know the hardness changes beneath the surface, Vickers Hardness

testing is used. Hardness readings are taken at the sample cross sectional area, starting

from the surface and increasing the depth by 20um under the surface. The reading is

taken for base SS439, low temperature nitride SS439, and high temperature SS439

samples. Data are recorded as in the table below.

Table 5.3: Vickers Hardness Value for Base SS439

Type of Depth (um)
sample 0 20 40 60 80
Base SS439 230.5 241.3 243.6 245.4 244.3
Table 5.4: Vickers Hardness Value for Low Temperature Nitrided SS439
Type of Depth (um)
sample 0 20 40 60 80
LTN SS439 411.3 405.1 399.9 339.1 266.1
Table 5.5: Vickers Hardness Value for High Temperature Nitrided SS439
Type of Depth (um)
sample 0 20 40 60 80
HTN SS439 651.7 599.4 428.9 363.2 355.0
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Figure 5.4: Hardness as the function of the depth below the surface after nitriding
treatment for 10 hours.

Figure 5.4 shows the hardness variation with depth below the surface after low
and high temperature nitriding treatment. The hardness decrease gradually in
proportionally to the nitrogen content for high and low temperature nitriding [6].
Meanwhile for base SS439, the hardness value at the depth below surface was relatively
unchanged. The highest hardness achieved at the surface of the high temperature nitride
SS439 which is 651.7 and starts to decrease in hardness observed at 20pum, 40um, and
S0 on. Same goes to the low temperature nitride SS439, the hardness value observed to
decrease below the surface depth. The highest hardness value also recorded at the
surface which is 411.3. This hardness variation is related to the nitrogen content and
phases appeared on the cross sectional depth area [6]. In low temperature nitriding
treatment, not fully phase transform from ferrite to martensite induced the lower
hardness. Overall hardness value for high temperature nitride is higher than low

temperature nitride on SS439.
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5.4 Torsional Fatigue Testing

Torsional fatigue testing is carried out for strength analysis for before and after

nitriding process or the case hardening application to the SS439. The testing is running

until the samples are failed for different load in each run. Cycle to failure reading is

taken for base SS439, low temperature nitride SS439, and high temperature SS439

samples for each load. Data are recorded as in the table below.

Table 5.6: Cycle to failure data for SS439

Type of Load
material 10 15 20 25 30 35 40 45 50
Base | 221766 | 218174 | 207293 | 166615 | 159774 | 115212 | 60003 | 46151 | 30786
SS439
Table 5.7: Cycle to failure data for Low Temperature Nitrided SS439
Type of Load
material 10 15 20 25 30 35 40 45 50
LTN | 366906 | 291007 | 237756 | 225195 | 200210 | 141008 | 65906 | 51703 | 39666
SS439
Table 5.8: Cycle to failure data for High Temperature Nitrided SS439
Type of Load
material 10 15 20 25 30 35 40 45 50
HTN | 503048 | 418889 | 355021 | 346905 | 324644 | 221772 | 103001 | 82914 | 71228
SS439
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Figure 5.5 shows the cycle to failure of base, low and high temperature nitride
SS439 under torsional loading condition. The nine samples from each category were run
under torsional loading with different set of load starting from 10 Newton to 50 Newton.
Base SS439 was observed can stand the cycle up to more than 200000 until it reach the
failure under 10 Newton torsional load. Cycle to failure decreases gradually as the load
of torsional was increased. At 50 Newton, the base SS439 only can stand around 30000

of cycle until it falil.

From the observation in the figure xx, the endurance of low temperature nitride
SS439 was impressively improved from the base SS439. It was improved up to 65% and
the cycle to failure at 10 Newton is about 360000. Same like base SS439, the cycle to
failure decrease as the applied torsional load was increased. However, the endurance for
low nitride SS439 was all more than the endurance of base SS439 under all set of
torsional loading.

High temperature nitride SS439 has the higher endurance from those previous
two categories. At 10 Newton of torsional loading, the cycle to failure is more than
500000. Compared to base SS439, the improved endurance is around 127% and 37% if
compared to low temperature nitride SS439. Cycle to failure decreases gradually as the
load of torsional was increased. At 50 Newton, the high temperature nitride SS439 can
stand around 70000 of cycle until it fail.

As conclusion, the torsional fatigue testing proved that the endurance of nitride
SS439 has been improved from the base SS439. High temperature nitride SS439 is

higher endurance compared to low temperature nitride SS439.
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CHAPTER 6
CONCLUSION

In this work, the endurance of base and nitride Ferritic Stainless Steel SS39 (Low
and high temperature nitriding) was investigated using hardness test and also defining its
cycle to failure by torsional fatigue testing. The phase changes of the material before and
after the case hardening treatment also investigated by using optical microscope. The

conclusions derived from the study can be given as follow:

Metallurgraphy analysis in this study conclude that, since high temperature
nitriding develop fully phase changes to the SS439, the low temperature nitriding
treatment at 500 °C for 10 hours can be considered as not sufficient enough to the SS439
to be nitride at the parameters. The statement can be supported by Hakan Aydin in his
journal tittled “Friction characteristics of Nitrided Layers on AISI 430 Ferritic Stainless
Steel Obtained by Various Nitriding Processes” stated that gas nitriding procedure at
570 °C for 13 hours was not sufficient to form a hard nitride layer on AISI 430 ferritic

stainless steel surfaces.

After the SS439 is received high temperature nitriding treatment, the hardness
value at the surface increased from 94.4 to 109.4, which is the value up to 15.89%
compared to low temperature nitriding treatment that only improved the hardness only
about 4.13% in the Rockwell Hardness Testing. Therefore, high temperature nitriding
treatment improved the SS439 in term of hardness efficiently than low temperature
nitriding. In Vickers Hardness Testing, the hardness decrease gradually in proportionally
to the nitrogen content for high and low temperature nitriding. Overall hardness value
for high temperature nitride is higher than low temperature nitride on SS439.

The torsional fatigue testing proved that the endurance of nitride SS439 has been
improved from the base SS439. High temperature nitride SS439 is higher endurance
compared to low temperature nitride SS439 with cycle to failure up to 500000 under

10N loading. Therefore, the objectives of the study have been met.
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