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ABSTRACT

In this research work investigations were carriedl to study the effects of heat treatment on thehaeical
properties (toughness, hardness) of medium carteah and on Dual phase steel development from Mediarbon steel.
Dual phase steel is developed by intercritical ating in order to improve the hardness and impacgtness. Medium
carbon steel of 0.46% carbon content is first ict@ically heated in furnace and then rapid caplin water is done to
obtain the martensite steels and named as Duakpdiasl. Different samples of Dual Phase steelpaepared by the
intercritical annealing process for holding time 2f 4 and 6 minutes for temperature ranging frofi°@4to 840°C.
The heating temperature and different time of Imgatholding time) of the steel is used to makeedéht percentage of
Martensite steel. Dual phase steel so obtainedvstasted and properties of the Dual Phase steehaluated. Rockwell
Hardness test and Charpy toughness test for eaah fhase steel specimen is conducted to compateitness and
toughness with untreated medium carbon steel. €heltrindicates that the specimen hardness andtesg increased
with the increment in the heating temperature aoldihg time. The increase in heating temperature lapiding time

followed by quenching will convert austenite intantensite.
KEYWORDS: Austenite, Dual Phase Steel, Intercritical Annaglidartensite, Medium Carbon Steel
INTRODUCTION

Medium carbon steel is the most common form oflst@ee to its relatively low price and superior rhenical
properties such as high strength and toughneisatceptable for many engineering application. Medcarbon steel is
used extensively for construction of buildings dmitiges. They are also use for making diesel pumgziion parts and
automated packing machinery parts; other applinatigludes railroad tracks, pressure vessels aipb.sBteels whose
structures consist of mixtures of ferrite and mastie are often referred as Dual phase steel. Medarbon steel may be
heat treated by austenitizing, quenching and teempéring to improve their mechanical properties,stength to cost
basis, medium carbon steel provide tremendousdaaying ability. Such heat treatments of the stéet the purpose of
improvement in mechanical properties have beenedugreviously by many workers. The mechanical progs of the
Dual phase steels can be enhanced by changingribana of martensite in the structure, by carrying mtercritical
annealing heat treatment for different holding snfellowed by water quenching. The amount of masitenpresent in
ferrite-martensite steel depends on the interafittmnealing temperature in the ferrite plus autgeregion. Different
amounts of martensite in a dual phase steel werduped by intercritically annealing at 780, 800°C and 840°C for

different holding times of 2, 4 and 6 minutes alneré mechanical property were determine after chingan water. The
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knowledge base generated through this study isctegé¢o provide a better understanding of this waiglass of steels and

help utilize its potential as a future material.
MATERIALS AND METHODS

The test sample used in the present work is 10 hiok medium carbon steel square rod. The main otemi

composition of the material is shown in the table.

Table 1: Chemical Composition

Element C Si Mn S P Ni Cr Mo Al Cu Ti Co
Wit% 0.46 | 0.34| 1.00 0.31 0.08 0.035 0.042 0.001 ®.p30.17 | 0.005| 0.001

The material studied in this work was medium carlsteel of 0.46% carbon. Specimen are made for heat
treatment and subsequent mechanical testing, weened and machined from the bar material in steshdiimension.
The specimens were heated for different temperatutiee austenite and ferrite region in a mufflenice and then water
guenched. The hardness testing of the specimencaied out by using a Rockwell hardness testinghime and

toughness testing of the specimen was carriedyusimg Charpy test on impact testing machine.
Development of Dual Phase Steel

Dual phase steels are developed by heating medanmoe steel of 0.46% carbon content into two phase
ferrite-austenite of + Y) region of Fe-C phase diagram, followed by rapabling to transform austenitex) into
martensite, resulting in a structure of ferrite andrtensite that is known as dual phase steel. ddethainly used for

developing dual phase microstructure in steels aetamtercritical annealing.
Process for intercritical Annealing

Step 1.Switch ON the furnace and set 740 °C temperatutbencontroller which controls the voltage, current

and the temperature inside the furnace.
Step 2.Gradually the temperature of the furnace reach8s@4n 45 min approximately.

Step 3.Temperature will fluctuate between 739°c to 741%@ ¢b error in the thermocouple used so wait fer th

stable value.
Step 4.Now put the work piece on ceramic plate.
Step 5.Set timer in the mobile for required time (Holdifigne).

Step 6.In the end of set time, open the lid of the furn&mmove the material and drop the work piece in the

water pool.
Step 7.Use asbestos plate to cover the furnace to avaitlibss.
Step 8.Remove the material and repeat steps for otherriahte

The production route for intercritical annealed Dihase steels is schematically shown in Figunetere, Acl

and Ac3 are the start and finish temperatures stesite formation during heating.
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1
Ac u+?

Quenching

Heat treatment path for intercritical annealing
Figure 1

Table 2: Different Heating Temperature and HoldingTime Selected as Shown

Specimen 1 2 3 4
TemperaturéC) 0| 760 | 800| 840
Holding time(min) 0| 246 248 24,6

Charpy Impact Test

Charpy impact is practical for the assessment itfidofracture of metals. An impact test signifiesighness of
material that is ability of material to absorb egerduring the plastic deformation. The Charpy teample has
(10 x 10 x 55) mrhdimensions, 45V notch angle of 2 mm depth and 0.25 mm root maiill be hit by a pendulum

attach opposite end of the notch as shown in Fijure

Charpy test Specimen
45°

A4

\/ 2mm
10mm

SR

7. Brs 27 5mm__ | 1 Ow—

S5mm

Figure 2
Hardness Test

The hardness of heat treated and untreated sampedetermined using Rockwell Hardness testing inach
using C scale (HRC). The purpose of this test imédke comparison of the hardness properties bettteespecimen with

the medium carbon steel.
RESULT AND DISCUSSIONS

The experimental results show that dual phasesstemsle excellent mechanical properties in termsanfiness

and toughness.
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Table 3: Mechanical Properties of Heat Treated andUntreated Steel

Temp. fC) 0 760 800 840
Holding time (min)| O 2 4| 6 2 4 2| 4] 6
Toughness (J) 61 67 7 13 78 80 [82 |84 |86
Hardness (HRC) 18 21 2 25 27 28 BO 31 |33

Temperature vs Toughness
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Graph 2: Shows Increase in Toughness for Holding Tie 4 Minutes
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Temperature vs Toughness
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Graph 4: Shows Increase in Toughness for Holding Tie 2, 4 and 6 Minutes

Temperature vs Hardness
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Graph 5: Shows Increase in Hardness for Holding Tira 2 Minutes
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Graph 8: Shows Increase in Hardness for Holding Tima 2, 4, 6 Minutes

The above table 3 and graph 1 to 8 show that the#nbas and toughness value of dual phase steehadiim
carbon steel. In all these 8 Graphs, the graph and48 show comparison of toughness and hardne& fy 6 minutes
holding time for treated samples and remaining lgrapow that the hardness and toughness of untreatédreated
sample with different holding time period. So frahese table and graph it is clear that hardness@amghness of dual
phase steels are higher than the medium carboh $teehardness and toughness value of dual pliesks $ncrease with
growing intercritical annealing temperature andtimegatime. The increase is due to increasing maitenvolume.
The increases intercritical annealing temperathenges more pearlite to austenite. Austenite ttarstorm to martensite
by rapid cooling. Hence the percentage of marternisiDual Phase steel is increased. Tougher maddnsmed at higher
temperature. The dual phase steels have bettendsydind toughness properties as it consists ritefand martensite
structures. The experimental results show that ghate steels have excellent mechanical propéntiesm of hardness,
toughness.

CONCLUSIONS

Dual phase steel can be developed from medium parbieel by intercritical annealing process.
The investigations are carried out on various semf study the effect of temperature and tim&énnartensite phase of
dual phase steel. As the content of martensiteeénDiual Phase steel increases by increasing thngeamperature and

time the hardness and toughness of Dual Phaseisteghses. It is clear that hardness and touglofadisal phase steels
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are higher than the medium carbon steel. The rebtdtined confirmed that improvement in the meaotemroperties that

can be obtained by subjecting medium carbon steiiltércritical annealing heat treatment and thesstiig it on Charpy

test for toughness and Rockwell test for hardnBssl Phase steels have better mechanical propediésconsists of

ferrite and martensite structure. By simply heaatment of steel, the mechanical properties areawagl and cost adding

costly material is saved.
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