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ABSTRACT

In this research work investigations were carriatito study the effects of heat treatment on thesile strength
(mechanical properties) of low carbon steel and iomadcarbon steel and on Dual phase steel developfrem low
carbon steel and medium carbon steel. Dual phass ist developed by intercritical annealing in @rte improve the
tensile strength. Low carbon steel of 0.26% carbxamtent and Medium carbon steel of 0.46% carboretoris first inter
critically heated in furnace and then rapid coolimgvater is done to obtain the martensite stemetsreamed as Dual phase
steel. Dual Phase steels are prepared by theiitittacannealing process at 840°C temperaturefantiolding time of 6
minutes. Dual phase steel so obtained is now testddoroperties of the Dual Phase steel are ewaludiensile test for
each Dual phase steel specimen which is developed fow carbon steel and medium carbon steel islected to
compare its tensile strength with untreated lovboarsteel and untreated medium carbon steel. Thét iedicates that

the specimen increased tensile strength decredmaghtion percentage with the heating temperatadehalding time.
KEYWORDS: Dual Phase Steel, Intercritical Annealing, MartensTensile Strength, Water Quenching
INTRODUCTION

Low carbon steel (LCS) and medium carbon steel (Mi€%he most common form of steel. Due to itstreddy
low price and superior mechanical properties sucteasile strength and toughness, it is accepfablemany engineering
application. Low and Medium carbon steel is use@msively for construction of buildings and bridg&key are also use
for making diesel pump injection parts and autochgiacking machinery parts; other application inelidailroad tracks,
pressure vessels and ships. Steels whose structmsist of mixtures of ferrite and martensite aften referred as Dual
phase steel. Ferrite is soft and provides goodildyathereas martensite is hard and is respondinldigh strength [Das
et al, (2009)]. The desire to produce high strergjtrels with formability greater than micro alloystkel led to the
development of DP steel in 1970s. The propertiekctwimake DP steels most popular include good coatioin of
strength and ductility, absence of yield point ptraena, low yielding, high initial work hardeningeahigh uniform and
total elongation, high strength to weight ratio ajwbd formability [Bag et al, (1999); El-Sesy et @002)]. Low and
Medium carbon steel may be heat treated by auitiegit quenching and then tempering to improvertiheéchanical
properties, on strength to cost basis, medium cesbeel provide tremendous load carrying abilityclfsheat treatments of
the steels for the purpose of improvement in meichhproperties have been studied previously byymaarkers.Evin
(2013) present the basic concepts of advanced diighgth dual phase steels for automotive apptioafiincluding the
design of chemical composition, microstructure amdchanical properties development during thermohaeical
processing as well as characterization productamhniology and the potential applicationsifservice performance.

Dual-phase steel sheets have very good abilityosbiption of kinetic energy on impact and higheerggth properties. A
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good combination of strength and ductile propertidsdual phase steels can reduce weight and impsafety
(strength, stiffness, absorption energy) of an a&addy. Manoranjan et al (2014), Mechanical propsrind fracture
behavior of Medium Carbon Dual Phase Steels. Dhake steels have been developed from plain mediuboe steel
containing 0.42 % carbon. Intercritical austenttma (ICA) treatment was carried out at 7@0for different (ICA) time
followed by water quenching to obtain different teasite volume fraction (MVF) in DP steels. DP fgelgave been
characterized by optical and scanning electron astwpy, Vickers hardness measurements and tensilgenpies
determination. The effect of MVF on various mechkahiproperties and fracture behavior of MC dualgghsteels have
been explained in this work/ishnu Pratap Singh et al (2014) develop dual ptsisel from low carbon steel and its
mechanical properties have been tested and stubigal. phase steel is developed by intercriticaleating in order to
improve the hardness and impact toughness. Lowonasteel of 0.21% carbon content is first intercait heated in
furnace and then rapid cooling in water is donelitain the martensite steels. Different sampleBfsteels are prepared
by the intercritical annealing process temperatanging from740°C to 840°C. The heating temperatunc different time
of heating of the steel is used to make differententage of Martensite steel. Dual phase steeb&tined is now tested
and properties of the DP steel are evaluated. HasinCharpy, microstructure test for each specimaronducted to
compare its hardness and toughness with low castemi. The mechanical properties of heat treatednan heat treated
specimens are obtained and compared. The resighatad that the specimen hardness and toughnegsagertional to

amount of martensite and amount of martensite digpen intercritical annealing temperature.

Quenching Carbon steel with at least 0.4 wt% C is heatedawnalizing temperatures and then rapidly cooled
(quenched) in water, brine, or oil to the crititaiperature. The critical temperature is dependerthe carbon content,
but as a general rule is lower as the carbon comereases. This results in a martensitic stractarform of steel that
possesses a super-saturated carbon content inrneef body-centered cubic (BCC) crystalline streestproperly termed
body-centered tetragonal (BCT), with much interstaéss. Thus quenched steel is extremely hard rittie busually too
brittle for practical purposes. These internal stes cause stress cracks on the surface. Querteletdssapproximately

three to four (with more carbon) fold harder thanmalized steel.
MATERIALS AND METHOD

The dimensions of the specimen used in the praegerk is 203x10x10 mm square rod of low carbon saeel
medium carbon steel prepared from 610x10x10 mmrecqual. The main chemical composition of the mates shown
in the table.

Table 1: Chemical Composition of Low Carbon Steelrad Medium Carbon Steel

Element C Si Mn S P Ni Cr Mo Al Cu Ti Co
LCS Wt% 0.26 | 0.058, 0.78% 0.050 0.045 0.081 0.112 0.005 10[0D0.024| 0.001 0.001
MCSWit% | 046 | 0.34| 1.00f 031 0.03 0.035 0.042 0.001 0,03 7 0.D0.005| 0.001

The material studied in this work was low carboeestof 0.26% and medium carbon steel of 0.46% carbo
Specimens are made for heat treatment and subsegueshanical testing, were obtained and machineth fthe bar
material in standard dimension. Two specimens feaich square rod of LCS and MCS is prepared. Or@rspr of both
LCS and MCS were heated first at 840°C temperdtrrbolding time of 6 minutes in the austenite &dite region in a
muffle furnace and then quenched in water. Theseisgens are termed as heat treated. The tendileges the specimen

was carried out by using an Ultimate tensile testimachine.

Impact Factor (JCC): 3.6234 NAAS Rating.02
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Development of Dual Phase Steel

Dual phase steels are developed by heating lowonasteel of 0.26% carbon content and medium cashbesl of
0.46% carbon content into two phase ferrite-austdpi+ Y') region of Fe-C phase diagram, followed by ramdling to
transform austeniteY() into martensite, resulting in a structure of iferand martensite that is known as dual phasé. stee

Method mainly used for developing dual phase micooture in steels, namely intercritical hardening.
Process for Intercritical Annealing

Step 1: Switch ON the furnace and set 840 °C temperatutbancontroller which controls the voltage, current

and the temperature inside the furnace.
Step 2:Gradually the temperature of the furnace reach8s’84n 45 min approximately.

Step 3: Temperature will fluctuate between 838°c to 842%e tb 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 6:1n 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 avaitllbss.
Step 8:Remove the material and repeat steps for otherriaate
The production route for intercritical annealed DRBhase steels is schematically shown in Figusehkre, Acl

and Ac3 are the start and finish temperatures stesite formation during heating.

Ac

atY

/ \ Quenching

Heat treatment path for intercritical annealing

A

>

Figure 1

Table 3: Heating Temperature and Holding Time Selded as Shown

: Low Carbon Steel Medium Carbon Steel
Specimen
1 2 1 2
Temperature’C) 0 840 0 840
Holding time(min) 0 6 0 6
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Sample Description

Total Length (mm) 203
Shoulder Length (mm) 70
Length between Shoulders (mm 63
Diameter (mm) 6.03
Area (mnf) 28.56
Fillet Radius (mm) 12
Gauge length (mm) 30

Tensile Test

It is very commonly used test, performed to detaemdifferent tensile properties, viz., ultimatediés strength,
yield strength elastic limit, proportional limitydaking strength, % elongation, % reduction in amadulus of elasticity,
etc. This test can be performed either on an eix@usnsile testing machine or on a universal ngsthachine. The tensile
test sample has (10 x 10 x 203) mm dimensions andeglength 30 mm.

Figure 2: Tensile Test Specimen Figure 3: Universal Testing Machine

Procedure for Tensile Test on Universal Testing Matne

For performing the test one end of the specimegrifgped in the uppetross-head of the machine, which is a
fixed head. The other end of the specimen is gdpgpeheadjustable (movable) cross-head. This set-up is schematically
shown in fig. Tensile load is gradually appliedtie specimen by means of the loading unit of thehime. In all modern
machines aydraulic drive is used to move the adjustable crosshead downvtardpply the desired tensile load on the
test piece. A separate load measuring unit incatpdrin the machine shows the magnitude of theiepjpdad. Astrain

Impact Factor (JCC): 3.6234 NAAS Rating.02
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gauge is attached to the test piece to show the elomigatVith increase in load there is a correspondingease in length

between the two extremities of the gauge length, there is elongation in length of the test pid¢icis therefore; clear that
elongation is obtained as a function of load.

As the load is increased further a point is arrieder which the stress-strain proportionally istlbut elastic
elongation continues up to another point (elastiat). Further loading of the test piece leads thaterial to another
specific point (yield point) from where plastic dahation starts. With further addition of load theint of maximum
stress (ultimate stress) is reached. Hereformdbeiece starts developing the neck. Further deftbon of the metal is

concentrated on his neck and its area goes onirggtiit such time when the specimen breaks.

Figure 4: Sample before Testing Figure 5: Sample after Testing

RESULT AND DISCUSSIONS

The experimental results show that dual phasesstamle excellent mechanical properties in termgens$ile
strength.

Table 4: Mechanical (Tensile) Properties of Heat Teéated and Untreated Steel

TemperatureC 0 840

Holding time (min) 0 6

Ultimate Load (KN) 15 21 20.46 35.40
Ultimate tensile strength (MP4a) 525.0 735.1 730.6 24714
Elongation (%) 21.83 19.27 19.83 1.93
Final gauge length (mm) 36.55 35.78 35.95 30.58

Strength vs Load

Comparision of Untreated and treated low and medium carbon steel
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Graph 1: Shows Increase in Strength after Treated
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Elongation vs Load

Comparision of untreated and treated low and medium carbon steel
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Graph 2: Shows Decrease in Elongation after Treated
CONCLUSIONS

Dual phase steel can be developed from low carleel and medium carbon steel by intercritical alinga
process. The investigations are carried out orouarsamples to study the effect of temperaturetiamelin the martensite
phase of dual phase steel. The percentage elongzftintreated LCS is 21.80%, treated LCS is 19@@ntreated MCS
is 19.13% and treated MCS is 1.93 %. It is cleat thnsile strength of dual phase steels are hitjaer the untreated low
carbon steel and medium carbon steel. The restdirea confirmed that improvement in the mechanpraperties that
can be obtained by subjecting low and medium casieanl to intercritical annealing heat treatmerntaDPhase steels
have better mechanical properties as it consisferaote and martensite structure. By simple headittment of steel, the

mechanical properties are improved and cost admbsty material is saved.
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