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ABSTRACT _ _ - ‘

This work constituted the appropriate heat rrearmem. reqzlm-?gelmnfeoz:-f; I‘mg !;:gﬁ
carbon steel (spring steel) 1o a machine—flble sample or (;00 Ste e the a ]'.1' Orf their
mechanical and microstructural properfies, 10 further _ elfe'rmm p,z;;ca ton of
these materials in the manufacturing industry, and engineering pWPOS‘?S-I .?f—’ Sam'ple
for the research is a high carbon steel (2.0 percent car.bon) (4 f”' out of a lorry spring.
The sample is hot worked to the required shape and size. It Lf_rléen an'nefled‘ ﬁ'f)m a
temperature of about 850°C to room temperature, over a pel iod of six ours i an
oven. The mechanical property and microstructural anaIJfSU Test were ca'rme.a’ out afer
annealing. A hole is drilled at the centre of the sample using a ‘l'.anm dr:_[l bit; the hole
is threaded using a 0.25mm standard screw tap after which it is cut into hvo equal
halves. The resulting Die (a thread cutting tool) is now heated to a temperature of
about 650°C and quenched in red oil austentically to room temperature, to increase its
hardness and toughness. Brinnell hardness test was carried out on the resulting tool.
The resulting Die (thread cutting tool) was used to thread several samples of steel from
low to medium carbon steel. The result of our analysis shows that, with proper heat
trearment high carbon steel can be converted to sample that is ductile to bé machine;
also the ductile and machine-able sample can be re-hardened and made tough. thereby
acquiring the properties of tool steel.

INTRODUCTION

Qng of Ih? ways in which man has been known to have superiority over the result of the creatures in our:

is his ability to make tools and use them in various ways that suit him. The production of tools by mansié

during the cra of the ‘early man’ when man made tools from steel in order to supplement his strengh &
food and materials for health. It is interesting to note 'M.f

ning. Many grades of tools ste¢l
d up of internal stress in tools forged and 4",
eed to be re hardened for various reasons ﬁu:‘
Le. capability of retaining its "‘edf;m
Lis normally delivered in the 0 3:1&
tools and to give it a micr® 31
Gerin é:ft matrix in which carbides are elﬂi‘?o-reé'-'
furnaces that are requireq with requeg Y thre'ad cutting .IOOIS are Lacﬂo o5
steels and finally, tl?e cguntt?yhlzitklhi oo Material (ingots) to the ten el £ gey: there arrcfduc c&*
grade raw material, The versatilit gl fundament?l basis even tho 1hperature for alloying 12 F-)ith alo® ¢
are very amendable t Y of steel as ap engineering mat 8 th.e country is blessec ¥ their P* ¢
Particular microstryct cal treatment Pl'inCiP|:rglolvag;sest;mm the gaclﬂr]::;uire 10;*

ns the procedur ue

heat treat i
ment 1s co i L U |
red applications in design and structi® S

hardening or partially air hardening which results in buil
which may n

0 heat treatment, 4
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Analysis And Descripti > St i
Adjustable Die (Thread Cating Too) From A High Carbon Spring See
igh Carbon Spring Steel

microstructure. Strqclure-sensitive properties such as strength, ductility and toughness establish the ease of

manufacturing, service performance and limitation of service condition of heat treatment metals. [6]

Purpose of Heat Treatment ‘

Heat treatment is done to achieve the following objectives:

i. Relief stresses induced during cold working :

ii: Secure the proper grain structure. ¢

?il. Dec rease the hardness and increase the ductility.

iv. lncrt_:ase the hardness so as to increase the resistance to wear or to enable the steel to withstand more
service condition

v. Improve the machinability

vi. Improve the cutting properties of tool steels

vu Change or modified the magnetic properties of steel

viii.Increase the toughness; that is to produce a steel having both a high tensile strength and good ductility,
enabling it to withstand high impact.

Theory of Heat treatment
Carbon and iron exist together in several different phases depending on carbon percentage and temperature

from Fig 2.0, there are four phases in the Fe — C phase diagram, which are ferrite, cementite, austenite and
martensite. This diagram only shows the steel portion of the system. For carbon contents of 2-6.67%, the alloy
is cast iron. Above 6.67% carbon, the alloy consists of cementite and graphite [4]. An alloy consisting of
exactly 0.76% carbon and 99.24% Fe has the lowest temperature at which the conversion from ferrite and
cementite to austenite is complete. This is known as eutectoid steel. Increasing carbon above this amount, as
well as the addition of other alloying elements, also increase the temperature complete phase transformation (ie

hardening). R

S pon it {75 70
¢ & in 1% ral 5
H

\ :
/ H
it 4 |
i 1N L \\ \ _} 285

“
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~
\
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o
~
L.
Taangiraterc {52

o eteliar
P

-
e
- .
a
~\,

Sl
a n (O

5 0 Compas iyt (M% L
FIG ] - Tre gren el curbrde phase dineran. PAdptes from Binary Aoy

!'/.;;w Dieruors, 2nd cdizon. Vol LB Mossalski tliduan-f heeld 1980,

A ;mnlml' by permission ef ASM [pfeeranene’. Moterils Pack, O] -
Fully annealed carbon steel consists, in addition to impuriti;s ar;_d othfer glloyedd etlﬁm.ents,csz?d?::‘}:::]lc:e

i i i i . n takes the crystalline from errite, and the 1ron

mixture of iron and iron carbide. The iron r) ‘ s (e
crystalline form of cementite. The overall structure consists of bands of these two components and is kno

. - '
pearlite. In this state the steel is soft and workable. As the steel Is heated above the critical temperature, abou
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llizing as austenite. Continued heating 1,
sta )

. . e h
: te. At this poj "
rsion to austeni POing
10 SUres COInp]Cle conve \ oled slowly (Ihe the Sleel;
50 - 1500° £ (788 - 843°c) en tenite steel is €O \ Procegg ) '
= Cld <, - c - . 7 1] ] . 10u
temperature, 1450 - 15 lour is cherry- red: 1f the aus :t is cooled suddenly by quenching i, 1o
e i 1s €O it y .
lon‘:dl"m;gr'\e“c'ilan?u:'n to the pearlite structure. However,
annealing). it will re

i lar needje _ 1 W,
ite 1 cterized by an angu e g,
rtensite, is formed. Martensit€ 1S Ch}?;?d B remely ra i ev_st,uc.\‘
anew cr,\~sl.al structure. “]\i’hile m:mensite steel 18 extrem.ely 1 ;tresses B i e ] - e
3]“d \'e?" o glardn'ilss‘the slightest shock. Furthermore; interna m i
Cllp and crumble wilh g

A |
. g U,
breakage of the tool. Tempering relieves these stresses ang I
ing; i facilitate breakag .
quenching; these will also facil . g,
composition of the martensite Into ferrite and cemen

: : 83 s
he amount of this partial phase change i Pan
is not as
by the tempering temperature. The tempered steel 1

) ~ h'\nge! recr)’
1335" (724%). it undergoes a phase €l

-

. . Comh I
hard as pure martensite, but is much tOUgher P\‘l\
P s._}':'
olor Chart
Determination of Temperature og Hea:l Treagﬁetgx;ggtﬁe. Temperature above 800°f (427%)
exhibits different colors depending : . give off bh

iSr::::\des:em colors, the atoms in the steel are so energized by heatdlhat g;%eglayer is?‘or?rtr?:;. Tempery,
below 800%f (427°%) produces oxidation colors. As the steelﬂls ?es;e's’ :r}function o temperatureo‘[]gﬂ;el]sum:
i i . i ight is reflected) 1 ] T
its thickness (and thus the interference color as hg'h. . .
colors are em(ploved in tempering tool steel. Since it is not always possible to measure the temperatyr oft

sample using thermometer, color determination is the most available method of temperature determinatigy
heat treatment.

Prog,

2000°F Bright yellow - 1093°C
1900°F | .~ - Dark yellow 1038°C
1800°F Orange yellow 982°C
1700°F |- i Orange: -~ - | 927°C
1600°F | 3% Orangerted :~3 | 871°C
1500°F | BB, _ 816°C
1400°F |{-idmdsie iR el ¥l 760°C
1300°F |: Medium réd 704°C
1200°F %3 Dl Redh, 649°C
1100°F | Slight red? 593°C
1000°F htféd,{n Y 538°C
0800°F [0l Datas e
0575°F T annor ]
0540°F |+ o s o 302°C |
0520°F [ <% 7 g et s 282°C
0500°F Ht"""";;ﬁ“”"—"*.;‘*‘f‘r SN N 271°C
0480°F |77 _260°C |
0465°F __249°C |
0445°F _241°C |
039001: -Faim Straw 229:C
""F\ 199°C

ig 2: Tem Peratyre Chart
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Forms of Heat Treatment

Annealing

.-}nncahng 1S a gcpcric term denoting a treatment that consist of heating to and holding at a suitable temperature

mllg“‘c‘d 1b‘_\‘.coolmg at an appropriate rate, primarily for softening of metallic materials. It can be apr;:lied to

{a\rgr l\l::: co cra:ﬁ:::lii‘ [:il:?nngtt;sm other properties or:in mic.rostructure.'Melals may be annealed to facilitate cold

e o o l:? lmprove.mechamcal or electnc'a‘l properties or to promote dimensional stability.As
ar metal increases during cold working, ductility decreases and additional cold reduction becomes

50 dl!flCUll that t_}_1e material must be annealed to restore its ductility. Such annealing between processing steps

is referred to as “in— process” or simply “process” annealing. )

Tempering

This is a process in which previously hardened or normalized’ stee
transformation range and cooled at a suitable rate, primary to increase du
temperc?d by reheating after hardening to obtain specific values of mec
qt{epchlng stresses and ensure dimensional stability. Tempering usually follow
critical temperature normally at atmospheric temperature . [12]

[ is heated to a temperature below the
ctility and toughness. Metals are
hanical properties and to relieve
quenching from above the

Quenching
Quenching is the rapid cooling of steel from a suitable elevated temperature. This generally is accomplished by

immersion in a media. The type of property obtained when an heated sample is quenched in red oil result to an
hardened alloy, which is capable of being brittle and can easily break. [13]

METHODOLOGY

Equipment and Apparatus

a. Optical microscope:  This is an instrument used to determine the micro structura
specified sample

b. Digital camera:This i

¢. Manual polishing table:These are speci

d. Nital solution (5%): This is a chemica

etchants.
e. Quenching media (red oil): These are fluids in which metals are quenched in.

£ Silicon carbide paper: This are materials used for smoothen metal surface.

g. Hardness testing machine: This is a machine used for determining the hardness of a material.
h. anvil and hammer: this is used for hotworking the steel to size and shape.

i electric drill and drill bit: to drill a hole 0.45mm at the center of the sample.

j. 0.25 screw tap and hack saw: to cut the require thread and slice the die into two equal halves.

| grain structure of the

s an instrument used to snap the grain structure which was viewed on the microscope.

fied standard manual for polishing.
| used to expose the internal structures of metals. Usually called

Tool steels samples

a. Control sample A: This is a steel sample that has not undergone heat treatment process

b. Annealed sample B: This is when sample A is being heated and allowed to be cooled in the fumnace at
temperature between 816°C-871°C .

c. Quenched sample C (Hardened): This is a sample of B that was q

between 760°C-8 16°C

Specimen Preparation
Grinding

The specimen surface is required to be plan
achieve this, the sample is grinded using grindi
wheels using silicon carbide paper

Polishing

The polishing abrasive use
the polishing wheel. The w

surface.

uenched in red oil at a temperature

and smooth to obtain accurate results from our analysis. To
ng stone then wet ground. A better result was obtained on flat

brasive was then poured on

er suspension. The a
one against the

d was cerium oxide in distilled wat
e samples were then held one by

heel was switched on after which th
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) s ts Required In The Fabrication of
Analysis And Description of the Three Stage Heat Treatments : o e
e Adjustable Die (Thread Cutting Tool) From A High Carbon Spring Steel

\
Etching

The etchant used was Nital (5%) and applied to the face of the samples. It was then ready for microscop
examination

Fabrication

The sample is hot worked to the required shape and size using hammer on an gnvnl Ctis l_}‘l_i‘m agn‘iae‘ix‘i h’qm\
temperature of about 850°C to room temjperature, over a period of sn.\;'hours in an oven. | he abo g,CClm.;
surface preparation was then perform. The mechanical property and mlcr051[uctural .anal.} sw_xe}s}t I\\ er‘c calr;;
out after annealing. A hole is drilled at the centre of the sample using a 4.5mm drill blt.lh.lS ole sﬁ.mu dt
about 30 percent smaller compared to the diameter of the standard screw tap 50 as 1o _ach:e\fe a\en ia
cutting edge. The hole is threaded using a 0.25mm standard screw tap after which iis cut Into ™o equ
halves. The resulting Die (a thread cutting tool) is now heated to a temperature of about 760°C and quench;d_
red oil austentically to room temperature. This last procedure requires a lot of patient and technical 8!31!‘.‘.
After heating to require temperature (760°C) the sample is deep into red oil. that is at a temperature sligh
above room temperature, for about ten to fifteen seconds and remove 10 heat-up in air before it return 1o the ¢
this process is repeated several times till the sample cools 1o room temperature. Tf‘ns process will increase

strength, hardness and toughness. Brinell hardness test was carried out on the resulting tool.

MECHANICAL TESTS
Brinell hardness Testing

Hardness is a measure of a material resistance to localized plastic deformation. The degree. of hardness ¢
material can be manifested in a number of different ways depending upon the condition 0w hich the materiz
subjected. In metals, the most commonly used measure of hardness depends upon the resistance 10 penetra:

by a much harder body. The hardness test is carried out by pressing a ball with a predetermined force ino
surface of the specimen.

Procedure

The surface of the samples on which the hardness testing was to be performed was filed. ground and polish
with emery paper to enhance the degree of accuracy obtained and clarity of indentation diameter.

constant Joad on a hardened steel bell Imm diameter was applied to the flat surface of the already measis
work piece and maintained for 15 sec. The diameter of indentation made on the surface of the ancles ws
low power graduated microscope. The mean diameter was taken and the Brinell hardness n

A 1
Al

umber HB, »
computed.
HBx = Load (kg) x 5
Area_of curved surface indentation
HBN = T
%D (D-vD'—d) mm’
T= Load in kg

D = Diameter of ball, mm
d = diameter of indentation
g = Acceleration due to gravity = 10.0 m/s

Microscopic Examination

The specimen which had been prepared w
illuminated by light from a condenser t
microscope was made 1o lie parallel 10 the
lens from features normal to the optical axis. The final image wh

such as grain boundaries, coring and precipitated particles were formed on tt spiece. Photom
were then taken by the camera on the microscope. 1 e eheprece. Fhotd

as placed perpendicular 1o the
hrough the objective

E p
. lens into a beam. The optical avis &
beam allowing light fr ‘

i

ich revealed the various microscopic
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TEST RESULT AND ANALYSIS
Brinell Hardness Test for the Samples
For Sample A (control)

HB = 2%278
I 1(1V1%-0.5%)
=556/2.7207
20 2
For Sample B (Anncaled)-04.4N/mm
HB = 29210
T*1(1-V1%0.35%)
= 420/2.943
142.71N/mm’
For Sample C (hardened)
HB = 202943
*1(1-¥1%-0.52%)
=588.6/2.683
' 219.35 N/mm’
Material sample Load(p) | Time Diameter of | Average  indentor BrinellHardness
N Sec indentor(D) diameter(d) test N/mm’
Sample A(control) 278 5 Imm 0.5mm 204.4
Sample B(Annealed) | 210 15 Ilmm 0.35mm 142.71
Sample C(Hardened) | 294.3 15 Imm 0.52mm 219.4

DISCUSSION
Sample A (control) reveals a microstructure of true steel which consists of austenite and little traces of ferrite.

Sample A has a high solubility of carbon content. It s also an FCC structures. It has a hardness value of
204.4N/mm’, meaning that carbon content is high and can not be machined. Sample B (Annealed) reveals a
microstructure of austenite and pearlite, the present of austenite also determines the size of ferrite and
pearlite.Due to the slow cooling of sample B, in the oven, the carbon content in the ferrite is being gjected into
the cememtite, thereby making the sample structure finer, also introducing a high ductility. Annealing
temperature is between 816°C-871°C.It has a hardness value of 142.71N/mm 2. This is a ductile material, which
can be easily machined. Sample C (Hardened) reveals a microstructural level of fine martensite structure ina
banite matrix after it has being quenched in red oil at a temperature between 760°C-816°C. It has a bee
structure and it hardness value is given as219.35 N/mm? .Due to the quenching, the ssample is being hardened,
the structure then becomes tough and there is increase in hardness of the material,this is the mechanical
property require for a cutting tools which will have to withstand high stress and frequent increase in

temperature.

CONCLUSION
be concluded that heat treatment has a great effect on the

From the investigation of this project,it can men
hat hardness depends on the distribution of pearlite and ferrite

mechanical properties of steel. It can be seen t ‘ on
structure in steels,which can be varied using an appropriate heat treatment. Also it is seen that from the

appearance of microstructure, one can be able to predict some mechanical. properties of a particular steel
specimen  for example it has been shown that there is a direct relationship between hardness and
microstructures. As in the case of the control sample, the structure consists of mainly austenite, which is an
FCC structure and has high carbon content. The amount of carbon content determine the hardenability of that
material, while the annealed sample has a structure that is less of carbon content, which show a high_level ot
ductility and can be machined . The hardened sample has a martensite structure, which shows that it is a very
hard material .The work also showed the various ways in which properties of steel can be improved and
change. This can be seen from the same steel sample that was given different heat treatment. These samples
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: ts Requi
Analysis And Description of he Three Stage Heat Treames e Sl o Thery,
Adjustable Die (Thread Cutting 3 Pring Steg tiop oy
A

. it can be deduced that the finer the

-

i 0ra;
he hardened sample which has the r'”esI sln St
\r‘“ i

<Qln

also ended with different microstructures. fma]l_i
higher its hardness and hence it becomes brittle.
the highest hardness value. Uy,

RECOMMENDATIONS 1 a single steel specimen with the aim of determ

This project work was done w ne the |
C‘\
f material for a specific purpose. For future in\'esliaatio 1 T,

mechanical properties and structure that occur when steel is given different heat treatmep, Thig “;1.;3,:5 )
<

researcher to known the right kind o n g
extending to cover the following areas: | . e
1. The use of different quenching media, example salt balt, polymer oil

t at a different temperature

2. The heat treatment can be carried ou ' ‘ .
3. Incorporation of impact test to give better understanding of changes in mechanical Propentie;.

4. Biecer magnification such as 1000can also be used. The one used in this work was 500
Finzllv. the idea of this work is to show that with proper heat treatment. high carbon stee can b

ductile and malleable for machining or to
can be given enough hardness and toughnes
the analysis of changes in the mechanical pro

.
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fabricate a tape and die. Also with proper heat reatmen, ..

s to serve as a cutting tool. This aims has been Drove, &

perties observed afier the analysis of these projec work T
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