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Abstract— In this paper, Author studies about the
mechanical properties like Tensile strength, yield stress and
elongation for different steels such as low carbon steel and
mild steel and various heat treatments to find out the effect
of annealing, quenching and normalizing on material
properties through testing on using Universal Testing
Machine UTM. Low carbon steel is easily available and
cheap having all material properties that are acceptable for
many applications. Heat treatment on low carbon steel is to
improve ductility, to improve toughness, strength, hardness
and tensile strength and to relive internal stress developed in
the material. Effect of various types of heat treatment on
fracture toughness and hardness is also analyzed. Optimum
heat treatment strategy for commercial steel appears to be
tempering in the 900°C temperature range, to get the best
combination of high toughness and high hardness. After that
heat treated samples are used for testing of different material
properties. Result shows which heat treatment will be better
for improving material properties of mild steel.

Keywords: Mild Steel, Tensile Strength, Yield Stress,
Toughness, Hardness

I. INTRODUCTION

As we know there is a little bit of steel in everybody life.
Steel has many practical applications in every aspects of
life. Steel with favorable properties are the best among the
goods. The steel is being divided as low carbon steel, high
carbon steel, medium carbon steel, high carbon steel on the
basis of carbon content. Low carbon steel has carbon
content of 0.15% to 0.45%. Low carbon steel is the most
common form of steel as it’s provides material properties
that are acceptable for many applications.

It is neither externally brittle nor ductile due to its
lower carbon content. It has lower tensile strength and
malleable. Steel with low carbon steel has properties similar
to iron. As the carbon content increases, the metal becomes
harder and stronger but less ductile and more difficult to
weld. The process heat treatment is carried out first by
heating the metal and then cooling it in water, oil and brine
Water.

The purpose of heat treatment is to soften the
metal, to change the grain size, to modify the structure of the
material and relive the stress set up in the material. The
various heat treatment process are annealing, normalizing,
hardening, austempering, mar tempering, tempering and
surface hardening.

As my project concerned it is basically concentrate
on carburizing which is a case hardening process. It is a
process of adding carbon to surface. These are done by
exposing the part to carbon rich atmosphere at the elevated
temperature (near melting point) and allow diffusion to

transfer the carbon atoms into the steel. This diffusion work
on the principle of differential concentration.

Il. LITERATURE REVIEW

Basak and chakroborty (1983) developed Cr-Mn-Cu white
cast iron for application in mining, farm machinery; etc
requiring erosive and corrosive wear resistance properties.
They found that the addition of Cu improves the corrosion
resistance of Cr-Mn iron and hence reduced the rate of
corrosive wear of high copper, chromium and manganese
cast iron.

Lancaster (1989) has suggested that graphite
crystallite are embedded into the surface valley aspirates and
acts as nuclei as a for lubrication film building and thus
reduced the effectiveness of of abrasive wear of aspirates
physically.

Kuma and Gupta (1990) studied the abrasive wear
behavior of mild, medium carbon, leaf and high carbon, low
Cr. Steel by means of a dry stand rubber wheel abrasion
apparatus. They found that the heat treated high carbon low
Cr. Steel and mild steel carburized by their own technique to
be the best abrasion resistance materials. The abrasive wear
resistance values of the two materials wear found to be very
much comparable with each other. They also studied the
abrasive wear of carburized mild steel. They investigated the
influence of carburization conditions (e.g., temperature,
time, properties of carbonaceous material etc.) on the
abrasive wear loss. During the study, Kumar developed a
cheaper method of carburizing producing better wear
resistance.

Stevenson and hutchengs (1994), have reported that
sinter particles wear cause to ease gross fracture of the
carbide and so those materials with a high volume fraction
of carbide shared the greatest resistance to erosive wear. .

I1l. OBJECTIVES

1) Heat treatment of steel by convenient and microwave
furnace.

2) To eliminate the pitfall by focusing on microwave heat
treatment rather than conventional methods to obtain

uniform temperature distribution throughout the
material.

3) To characterize the mechanical and physical properties
of steel.

4) Comparison of physical and mechanical properties with
conventionally heat treatment.
IV. MATERIALS & METHODOLOGY

A. Carbon steel:

Carbon steel (plain carbon steel) is steel which contain main
alloying element is carbon. Here we find maximum up to
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1.5% carbon and other alloying elements like copper,
manganese, silicon. Most of the steel produced now-a-days
is plain carbon steel. It is divided into the following types
depending upon the carbon content.

1) Dead or mild steel (up to 0.15% carbon)

2) Low carbon steel (0.15%-0.45% carbon)

3) Medium carbon steel (0.45%-0.8% carbon)

4) High carbon steel (0.8%-1.5% carbon)

Steel with low carbon content has properties
similar to iron. As the carbon content increases the metal
becomes harder and stronger but less ductile and more
difficult to weld. Higher carbon content lowers the melting
point and its temperature resistance carbon content cannot
alter yield strength of material.

Steel clN
designatio | C | Mn | Si S p Pl Fe
n
Mild steel | 0.2 | 0.6 | 0. | 0.0 004 | - | - Res
Fe 415D 3 0 3 4 ' t
0.0 00 | 004 |1 Res
SS 304 8 2 1 3 5 8 8 ¢

Table 1: Chemical composition of steels

B. Heat Treatment

The process of heat treatment is carried out first by heating
the material and then cooling it in the brine, water and oil.
The purpose of heat treatment is to soften the metal, to
change the grain size, to modify the structure of the material
and to relieve the stress set up in the material after hot and
cold working.

The various heat treatment processes commonly
employed in engineering practice as follows:-

C. Annealing:-

1) Spherodizing:- Spherodite forms when carbon steel is
heated to approximately 700 for over 30 hours. The
purpose is to soften higher carbon steel and allow more
formability. This is the softest and most ductile form of
steel. Here cementite is present.

2) Full annealing:- Carbon steel is heated to approximately
above the upper critical temperature (550-650) for 1
hour. Here all the ferrite transforms into austenite. The
steel must then cooled in the realm of 38 per hour. This
results in a coarse pearlite structure. Full annealed steel
is soft and ductile with no internal stress.

3) Process annealing:- The steel is heated to a temperature
below or close to the lower critical temperature (550-
650), held at this temperature for some time and then
cooled slowly. The purpose is to relive stress in a cold
worked carbon steel with less than 0.3%wt c.

4) Diffusion annealing:- The process consists of heating
the steel to high temperature (1100- 1200). It is held at
this temperature for 3 hours to 20 hours and then cooled
to 800-850 inside the furnace for a period of about 6 to
8 hours. It is further cooled in the air to room
temperature. This process is mainly used for ingots and
large casting. It is also called isothermal annealing.
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Fig. 1: Electric muffle furnace

D. Normalising:-

The process of normalizing consist of heating the metal to a
temperature of 30 to 50 c above the upper critical
temperature for hypo-eutectoid steels and by the same
temperature above the lower critical temperature for hyper-
eutectoid steel. It is held at this temperature for a
considerable time and then quenched in suitable cooling
medium. The purpose of normalizing is to refine grain
structure, improve machinibility and improve tensile
strength, to remove strain and to remove dislocation.

E. Hardening:-

The process of hardening consist of heating the metal to a
temperature of 30-50 ¢ above the upper critical point for
hypo-eutectoid steels and by the same temperature above the
lower critical temperature for hyper-eutectoid steels. It is
held this temperature for some time and then quenched. The
purposes of hardening are to increase the hardness of the
metal and to make suitable cutting tools.

V. METHODOLOGY

Thirty samples of the stud (M20) were obtained from the
local market for the purpose of this investigation.

Fifteen (15) Standard test specimens were
machined, each for tensile and bend tests, respectively.
.Twenty-four specimens were case hardened by pack
carburizing method, while the remaining six samples were
not subjected to any heat treatment to serve as control.

Fig. 2: Raw Material

The method involved placing the samples in a steel
box along with 80% wood and 20% barium carbonate. The
wood acted as the carburizing material while the barium
carbonate was the energizer for promoting rapid action on
the steel. The specimens were placed in an electric furnace
and heated at 900°C for four hours. Six specimens each was
then quenched using four different media viz.: air, furnace,
oil and water.
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As a result of prolonged heating at a high
temperature in the carburizing operation, both the core and
the case were expected to exhibit overheated structure,
which would be unsatisfactory in service, especially under
severe conditions.

The specimens were then further heat-treated to
refine the core, and also to refine and harden the case. Core
refining was accomplished by heating just above the upper
critical point for the core (870°C), soaking for 30 minutes
and then quenched using the quenchants described above.
The refining and hardening of the case was produced by
guenching the specimens from 760°C.

After the heat treatments, 15 specimens each were
then subjected to uniaxial tensile and 3-point flexural (bend)
tests, respectively using the Testometric Universal Testing
Machine (Ax model M500 — 50KN) with 500 kgf load cell
at a constant cross-head speed.

A. Microwave heat treatment setup

Microwave
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Fig. 3: Microwave heat treatment setup
The microwave furnace of 850 watts is used to
conduct experiment. The set up and specimen arrangement
within the furnace is shown in figure.

B.

The specimens are masked with alumina oxide layer as a
heat insulator and then covered with graphite layer as
susceptor. The samples were heat treated at 350°C at 10
min. Embedded temperature controller was used to control
processing temperature. Microwave heat treatment is a rapid
thermal processing to reach a high temperature at lowest
time.

Rotatable, direct reading argon, CO»,

Scales He, N2 & Oy,
Accuracy +5% of full scale
MaxTemperature 250°F (121 C)

Max pressure 150 psig (@ 250° F)

3/8” NPT female in line or horizontal
rear.

Connections

Table 2: Specification of Muffle furnace

VI. RESULTS AND DISCUSSION

The following mechanical properties were obtained from the

tests:

1) Tensile Strength (T.S): is the load required to fracture
unit area of the metal.

2) Yield Strength (Y.S): is a measure of the onset of
plastic deformation. (0.2% permanent extension).

3) Percentage Elongation (E.L) in gauge length: is a
measure of the ductility of the material.

4) Percentage reduction in cross—sectional area (Ra)
measured at the point of fracture is also related to

ductility. Very ductile materials are considerably
reduced in cross — section before they break.

5) Young’s Modulus of Elasticity (E): is the stiffness,
rigidity, or springiness of a material. It is the slope of
the linear portion of the stress/strain graph for the
material. It is also the ratio between the stress applied
and the elastic strain it produces.

6) Toughness (Er): is the energy absorbed by the material
before it fractures. This is the area under the force —
extension or stress — strain curve up to rupture point
(N.mm).

7) Brinell hardness number (BHN): indicates the surface
hardness of the material.

8) it is observed that the as-received condition specimen
has 0.23 as strain hardening coefficient and it is
increased by 13% and 35% due to conventional heat
treatment and microwave heat treatment respectively.

9) This indicates good flow stress and formability can be
obtained in microwave heat treatment. It is also been
observed, that yield stress and ultimate stress values are
increasing from 136 MPa to 188 MPa and 181 MPa to
226 MPa by microwave heat treatment, indicating
material strength have been enhanced by microwave
heat treatment compared to conventional furnace heat
treatment.

A. Test Reportl:

Material: M.S (900) Q Specimen
Graph: Load Vs Displacement
Batch: - Test Type: Tensile

Yield Load: 63.6 kN

%Area Reduction: 67.8 %
%Elongation: 23.3 %

Yield Stress: 0.407 kN/mm?
Displacement @Yield: 5.300 mm
Breaking Load: 52.4 kN
Displacement @FMax: 20.400 mm
Ultimate Load: 82.44 kN

Gauge Elongate: 24 mm

Ultimate Tensile Strength: 0.528 kN/mm?
Breaking Stress: 0.336 kN/mm?2
Young's Modulus: 7.910 KN/mmz2,

Load Vs Displacement

80

80

Load
a

B. Test Report 2:

Yield Load: 48.84 kN

%Area Reduction: 63.8 %
%Elongation: 28.5 %

Yield Stress: 0.304 kN/mm?
Displacement @Yield: 5.100 mm
Breaking Load: 38.86 kN
Displacement @FMax: 27.100 mm
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Ultimate Load: 72.12 kN 1) Tensile and vyield strength increases with shorter
Gauge Elongate: 30.2 mm duration of heat treatment and less power consumption
Ultimate Tensile Strength: 0.449 kN/mm? due to heat transfer in the form of heat conversion.
Breaking Stress: 0.242 kN/mm? 2) Increasing on strain hardening coefficient value to 35
Guage Length 136.1 mm. percent indicates high productivity.
e 3) Heat treated specimen shows fine particles of eutectic
60 ' precipitated. It indicates that heat treated sample has
more hardness.
= 4) The major advantage of the microwave heat treatment
& method is that specimen is not bending while

ad

3 processing, but the bending of specimen is occurring in
the case of conventional treatment.

20 5) In microwave heat treatment, heat transfer is uniform
all over the surface due to volumetric heating
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