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In this study, microstructure of still air cooled hot rolled V-microalloy steel was
under observation, micrograph shows the refine primary structure of ferrite and
pearlite. SEM images show the nucleation of /second phase particles. Tensile test

carried out on Instron testing machine. Test shows improved yield strength without
any significant decrement in ductility of alloy. The attempts were made to study
Microstructure and mechanical behaviour of hot rolled V- microalloy steel
subjected to the pre chosen thermo mechanical treatment schedule. Thermo

Article History

Article Received: 19 November 2019
Revised: 27 January 2020

Accepted: 24 February 2020
Publication: 18 May 2020

mechanical simulation was carried out to impose the prechosen deformation on to
steel and then the microstructure and mechanical properties were monitored by
elaborate microscopic studies.
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1. Introduction

Micro-alloy Steel is a type of alloy steel that
contain small amount of alloying element (.05 to
0.15%). Standard alloying element include:
niobium, vanadium, titanium, molybdenum. They
are known for refine grain refinement and
precipitation hardening. Micro-alloying exercised
initially, in the 1960 and 1970, to flat-rolled, low-
carbon steel for higher strengths, in which low-
temperature controlled rolling inhibit austenite
recrystallisation and promotes very fine ferrite grain
sizes with excellent combinations of toughness and
strength[1]. Many researchers attempt to change the
microstructure either by cooling rate or by changing
the chemical composition of microalloying element.
Primary microstructure of micro alloy steel consist
ferrite pearlite microstruture that can be modified by
such practices [2].

Vanadium is mostly added for precipitation
hardening. The precipitation strengthening increases
the Strength up to 50 to 100 MPa. Vanadium
precipitates during austenite ferrite transformation at
the interphase boundaries. This precipitation density
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can be further increased by refinement of Vanadium
Precipitate, and in the recent time refinement is done
by increasing the percentage of nitrogen in steel [3-
4]. It is also evident that by increasing the amount of
nitrogen content in the steel the precipitation of
vanadium can be promoted and greater precipitation
strengthening effect can be achieved. In Present
research work Precipitation sites are generated by
the thermo mechanical processing. During thermo
mechanical processing, the dislocation density
increases which generate more nucleation sites for
the V(C,N) precipitates. It is also reported by many
workers that Vanadium carbonitrides is relatively
less stable and dissolved in solid solution at
relatively lower temperature as compared to the
vanadium carbide and vanadium nitride [5]. This
makes V an eminent choice for strong and easily
controllable precipitation strengthening. Further
higher solubility of wvanadium carbonitrides in
austenite reduce the tendency towards hot cracking
in structural steel.
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Microalloying elements such as V, Nb and Ti
used over conventional low alloy steels to improve
the strength and ductility simultaneously[6].In this
research work is thermomehanical treatment is
carried at 800°C temperature so that large number of
nucleation sites created for the strain induced
precipitations that results into the strengthening
effect.

This is why the attempts are made to study
Microstructure and mechanical behaviour of hot
rolled V- microalloy steel subjected to the pre
chosen thermo mechanical treatment schedule.
Thermo mechanical simulation is carried out to
impose the prechosen deformation on to steel and
then the microstructure and mechanical properties is
monitored by elaborate microscopic studies.

2. Alloy Preparation and
procedure
Alloys is prepared through casting with a
prechosen composition of Vanadium and . Alloy
consist 0.067 wt % of V and 90 ppm of nitrogen as

given in table-01.

experimental

Table.1 Elements of Alloy

C Mn Si \ N(ppm)

0.20 1.46 0.35 0.067 90

Alloy of prechosen composition heated
within the furnace at a heating rate of 3°C/s upto the
holding temperature of 1000°C. Alloy kept at a
temperature of 1000°C up to an hour for uniform
austenization. Upon leaving from the furnace Alloy
was hot rolled in rolling mill by thickness reduction
of 60% at 800°C. Subsequently Alloy was
normalised. The schematic diagram of thermo-
mechanical processing is shown in Fig.1.
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Figure 1.Schedule of Thermomechanical Treatment

3. Results and discussion:-

3.1.Optical study:-

Optical micrograph study of the 60% rolled alloy
reveals the bimodal grains up to some extent that
contains the ferrite and pearlite phase shown in
Fig.02. In other words fine ferrite grains present
with the coarser grain. The pearlite phase reuced
significantly due to the strain induced precipitation
of vanadium carbonitrides[7-8]. Comparative study
of cast alloy and hot rolled alloy also shows that the
amount of white phase is increases with the
deformation. The notches of layered structure of
pearlite are crack propagation sites, that reduced the
mechanical properties such as impact strength
toughness and ductility significantly [9-10]. There
are many ways to reduced the formation of pearlite
such as increase cooling rate [11], varying the
composition by adding the microalloy element such
as vanadium, niobium and titanium. But varying
chemical composition becomes effective when it is
associated with thermo mechanical processing.
Vanadium  posses strong  affinity  towards
carbonitrides and produces vanadium carbonitrides
V(C,N)[12-13]. The coarsening of austenite grain is
restricted by the wvanadium carbonitrides results in
grain refinement of ferrite[14].
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3.2.SEM Study:-

The details microstructure reveals in scanning
electron micrograph shown in Fig. 3. SEM
micrograph confirms the presence of fine ferrite
surrounded by coarse grain structure. SEM images
also show some retained austenite surrounded by
pearlite grains[15-16]. There is significant reduction

in the amount of pearlite this is due to thermo-
mechanical treatment of alloy. Thermomechanial
treatment provides large number of nucleation sites
for the vanadium carbide and nitrides[17-18].
Reduction in pearlite phase is the lear evidence of
increase in mechanical properties of hot rolled.

3.3.Tensile Test

The tensile test curve is shown in figure 3.
The flat sample of gauge length 20mm was
prepared. Total elongation after fracture is also
measured. Test was conducted on Instron1126
testing machine. The tensile test curve shows
ultimate tensile strength of 642MPa and vyield
strength of 502 MPa. Plot also shows that the
total % elongation of alloy is 25%. It is clear
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Figure 3.SEM micrograph study of the 60% hot rolled alloy

from the tensile plot that alloy consist the
combination of both strength and ductility.
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Figure 3. Tensile Test curve of Alloy.

4. Conclusion

Microstructure and mechanical behaviour of

hot rolled V- microalloy steel was under
observation following conclusion are derived.

Thermo-mechanical processing of vanadium
microalloyed steel refines the ferrite-pearlite
microstructure.

Reduction in pearlite phase is an evidence of
increase in impact strength of alloy.

The ultimate tensile strength and yield
strength of alloy are 642 MPa and 502 MPa
respectively.

The % Elongation of alloy is 25%.
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