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1- Introduction

Micro alloy steel is one of the medium carbon steels, which
are commonly used as seamless tubes in the gas and oil
industry. Generally, the seamless steel tubes are
manufactured by hot forming processes such as hot
extrusion and hot rolling. During the production process,
microstructural changes and phases transformations occur
which affect the mechanical properties and corrosion
resistance of steel tubes. Therefore, understanding of hot
working behavior of these steels could be helpful to
fabricate components with desired mechanical and
metallurgical properties. The thermomechanical processes
of materials exhibit complicated behaviors at deformation
variables that produce high-quality parts with desired
mechanical and microstructural characteristics. Most of
the researchers have extensively used mathematical and
empirical models to predict the hot deformation behavior
of materials under complex loading. Therefore, different
models are proposed to exhibit high accuracy of hot flow
behaviors. The effects of deformation temperature, strain,
and strain rate were considered in the different terms of the
model. However, due to the significant effects of dynamic
deformation mechanisms like dynamic recovery and
dynamic recrystallization on the hot flow behavior, the
modifications are considered in order to increase the
prediction accuracy of the model. Knowing the behavior
of hot deformation and microstructure changes of API-
SCT-L80 alloy steel is of great importance in the
production of oil and gas industry pipes. The main aim of
this work is to characterize the high temperature
deformation behavior of micro alloy steel through
isothermal compression tests under different deformation
temperatures and strain rates. For this purpose, hot flow
stress and microstructural behavior of this steel was
investigated by isothermal hot compression test in the
temperature range of 1173 to 1373 K and strain rates of
0.001to 1 s\,

2- Experimental procedure

The material used in the present study was the API-5CT-
L80 steel with chemical composition of 0.313C-1.35Mn-
0.621A1-0.2948Si-0.326Cr-0.052M0-0.052Ni-0.064Cu-
0.02Ti (wt %). The cylindrical specimens with standard
dimensions @10x15 mm were machined and hot
compressive test was carried out by Zwick Roell Z250
universal testing machine with a resistant furnace to
exhibit hot flow behavior under different temperatures
ranging from 1173 K to 1373 K and strain rates from 0.001
s!to 1 s, with a true strain of 0.6. Then, each specimen
was heated to homogenize specified temperature in the
range of austenite phase for 5 min and this specimen was
compressed to a true strain of 0.6. After the compression
test was completed, each specimen was immediately
quenched to maintain the microstructure changes under
different conditions. Finally, deformed specimens are
sectioned, finished, polished, and etched to illustrate
microstructure changes.

3- Results and Discussion

The experimental results showed that the hot deformation
behavior of API-5CT-L80 steel is a softening behavior
caused by the dynamic recrystallization phenomenon that
in some conditions, the material shows complex behavior
in the form of multi-peaked curves. Obviously, the effects
of temperature and strain rate on flow stresses are
noticeable so the levels of flow stress are decreased by
increasing deformation temperature and/or decreasing
strain rate. Generally, as it is clear in Fig. 1, the true stress—
strain curves can be divided into three zones including
work hardening, dynamic softening, and steady-state
stages. At the initial zone of deformation, migration,
interaction, multiplication, and generation of dislocations
increase dislocation density in the grain interior and grain
boundaries can lead to the work hardening mechanism
which causes flow stress to rapidly rise to the peak.

In the second zone, the DRX mechanism activates after
excessively high dislocation density at critical strain for a
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material with the dominant phase of austenite with low
values of the stacking fault energy (SFE) at high
temperature, so, after the peak stress point, the flow stress
curves of the material illustrate a diverse behavior under
different deformation conditions so the material response
is a DRX mechanism. At different deformation
temperatures, the multi-peak curves are observed due to
cyclic DRX at low strain rates of 0.001 s!. Generally, the
multi-peak curves represent that a temporary cessation of
the DRX mechanisms and the onset of the work hardening
behavior again, these mechanisms repeat several times to
reach a steady-state stage that a dynamic balance occurs
between the work hardening and dynamic softening
mechanism. Finally steady state condition obtains in the
final zone. The characteristics of true stress—strain curves
of this steel reflect the predominant microstructure
changes.

Fig. 2 shows the optical micrograph of deformed
specimens at 1273K and 1 s'. The results of the
microstructural investigation showed that with the increase
in the deformation temperature, the formed grains have a
larger size compared to the low temperature state, and
more martensite phases are formed, which are more
elongated martensite blades compared to the phases
formed at low temperatures.
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Fig. 1. Stress-strain curves of API-SCT-L80 steel at (a)
strain rate of 0.001 s' and various temperature and (b)
temperature of 1273K and various strain rate.

As it is clear in Fig.3, The effect of strain rate was also
significant like the effect of temperature because the rate
of deformation had an inverse effect on grain growth, so
recrystallized grains have enough time to grow at low
strain rates. At high strain rates, the pearlite phases
appeared more polygonal, and very small nucleation were
observed in the austenitic boundaries of the ferrite and
Wiedmannstein phase, which did not have enough time to
grow, and at high strain rates, the martensite blades also
tend to thin.

Fig. 2 . Various created phases in the microstructures of
deformed API-SCT-L80 steel at 1273K and 1 s\,

f oum |
Fig3. Optical microscopy of microstructures of deformed
micro-alloy steel at various temperatures and strain rates
of 1173K- 0.1 5!, 1323K- 0.1 57!, 1273K- 0.01 s and
1323K-0.01 s™!

4- Conclusion
In this research, the thermomechanical behavior of API-

5CT-L80 steel was investigated. The experimental results
showed that the hot deformation behavior of steel is a
softening behavior caused by the dynamic recrystallization
phenomenon that in some conditions, the material shows
complex behavior in the form of multi-peaked curves. The
results of the microstructural investigation showed that
with the increase in the deformation temperature, the
formed grains have a larger size compared to the low
temperature state, and more martensite phases are formed,
which are more elongated martensite blades compared to
the phases formed at low temperatures. The effect of strain
rate was also significant like the effect of temperature
because the rate of deformation had an inverse effect on
grain growth, so recrystallized grains have enough time to
grow at low strain rates. At high strain rates, the pearlite
phases appeared more polygonal, and very small
nucleation were observed in the austenitic boundaries of
the ferrite and Wiedmannstein phase.
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Description of Flow Behavior and Changes in Grain Size and Structure of API-5CT-L80 Steel in Hot
Deformation Process

Hamid Reza Rezaei Ashtiani Hamid Ahmadi  Golam Reza Ebrahimi Mohammad Heidari

Abstract Knowing the behavior of hot deformation and microstructure changes of API1-5CT-L80 alloy steel is of great
importance in the production of oil and gas industry pipes. For this purpose, in this research, the thermomechanical
behavior of this steel was investigated by isothermal hot compression test in the temperature range of 1173 to 1373 K
and strain rates of 0.001 to 1 s* s. The experimental results showed that the hot deformation behavior of steel is a softening
behavior caused by the dynamic recrystallization phenomenon that in some conditions, the material shows complex
behavior in the form of multi-peaked curves. The results of the microstructural investigation showed that with the increase
in the deformation temperature, the formed grains have a larger size compared to the low temperature state, and more
martensite phases are formed, which are more elongated martensite blades compared to the phases formed at low
temperatures. The effect of strain rate was also significant like the effect of temperature because the rate of deformation
had an inverse effect on grain growth, so recrystallized grains have enough time to grow at low strain rates. At high
strain rates, the pearlite phases appeared more polygonal, and very small nucleation were observed in the austenitic
boundaries of the ferrite and Wiedmannstein phase, which did not have enough time to grow, and at high strain rates, the
martensite blades also tend to thin.

Key Words Hot deformation, API-5CT-L80 alloy steel, Flow stress, Grain size, Microstructure.
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