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View field: 21.67 pm
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ABSTRACT

The aim of this study was to investigate the behavior of hot deformation and occurrence of restoration phenomena
during the deformation of AISI H10 hot work tool steel. For this purpose, hot tensile test was performed on the steel in
the temperature range of 900-1150 °C with a temperature interval of 50 °C and at a constant strain rate of 0.1s'. The
microstructures were examined and the curves of hot flow and ductility were drawn. According to the curves and
microstructures, ductility was lower at temperatures of 900 °C and 950 °C due to inactivity of repair processes and the
presence of carbides. Ductility increased in the temperature range of 1000-1100 °C due to the occurrence of dynamic
recrystallization. Finally, ductility decreased in the temperature of 1150 °C due to the dissolution of carbide particles
and grain growth. The results obtained from hot tensile test and microstructural studies at a constant strain rate of 0.1s™!
revealed that the appropriate temperature range for deformation of AISI H10 hot work tool steel was 1000-1100 °C.

Keywords: AISI H10 hot work tool steel, Hot tensile test, Ductility, Microstructural developments, Dynamic

recrystallization.

1. INTRODUCTION

Occurrence of restoration processes, especially
dynamic recrystallization, highly affects the
working behavior of alloys including the hot
ductility. So, it is necessary to determine the
conditions of occurrence of restoration processes
while studying the hot ductility behavior of alloys
[1,2].

It is well known that the maximum and the
steady state strain would be decreased with
increasing in temperature. In fact, reducing the
maximum strain by increasing the temperature
means accelerating the onset of dynamic
recrystallization, and decreasing the steady state
means increasing the kinetics of dynamic
recrystallization.

Previous studies on hot deformation behavior
of tool steels [3-5] have shown that the ductility of
H13 hot-rolled steel is higher than that of A2
cold-rolled tool steels and M2 hot-rolled steels.
However, the softening resistance of M2 steel is
higher than the other two ones. The average flow
stress of M2 steel is higher than H13 steel at a
constant temperature.

*: m_morakabati@mut.ac.ir

This is due to the presence of more carbides,
especially M¢C carbide in M2 steel. More
carbides in M2 steel makes its grains finer than
the other two steels, because the carbides are
favorable places for nucleation of recrystallized
grains.

The aim of this study is to investigate the
occurrence of restoration phenomena, especially
dynamic recrystallization, and its effect on
ductility changes of H10 alloy. For this purpose,
hot tensile tests were performed and stress-strain
and ductility curves plotted. Then, the hot
deformation behavior of the HI10 steel, the
microstructure and curves were investigated.
Finally, temperature changes and their effect on
the flow and ductility curves and microstructure
were discussed.

2. MATERIALS AND METHODS

The chemical composition of the alloy is
presented in Table 1. Hot tensile test was carried
out at temperature range of 900-1150 °C and a
constant strain rate of 0.1 s™'. After cutting and
preparing the samples, their surfaces were etched
and examined.
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Table 1. Chemical composition of the H10 steel used in the present study (wt.%)

Fe Cr Mo A\ Si C Mn Ni Al Ti
Bal 287 277 049 035 034 021 0.17 0.047 0.025
230 95
w0 90
9
< 85
= 150 g
3 2 80/
£ 1m0
75 1
50
70 T T T T T T
850 900 950 1000 1050 1100 1150 1200

True Strain

Figure 1. Stress-strain diagrams of H10 steel after
hot tensile test at strain rate of 0.1 s and different
temperatures

3. RESULTS AND DISCUSSION

3.1. Investigation of the behavior of hot tensile
test curves of H10 steel

Figure 1. shows the H10 steel flow curves in the
temperature range of 900-1150 °C and the strain
rate of 0.1 s'. According to the diagram, work
hardening is the only phenomenon can be seen at
900 °C which means that interaction and
reproduction of dislocations dominate the
restoration processes. At temperatures above
950°C and a certain strain, the balance between
work hardening caused by the interaction and the
reproduction of dislocations, and restoration
processes such as DRV, DRX, etc. leads to the
steady state diagram. It can also be seen that the
flow curves at 900 and 950°C display the lowest
clongation.

3.2. Investigation of hot ductility of H10 steel

Hot ductility changes of HI0 steel with
temperature is shown in Figure 2. The elongation
in the temperature range of 1100-1000 °C is
higher than that of in other temperatures
indicating the good workability of the steel
studied in the present work. At 900 and 950 °C,
ductility is lower than that of in the higher
deformation temperatures, which can be attributed
to the low temperature and inactivity of
temperature-activated processes and high volume
fraction of carbides. Elongation increases with an

Temperature (°C)
Figure 2. Graph of hot ductility changes of H10
steel with temperature

increase in temperature and remains almost
constant in the temperature range of 1100-1000
°C (Figure 2). Unexpectedly, the elongation
decreases with increasing temperature up to 1150
°C due to the dissolution of carbide particles. The
significant grain growth as a result of increase in
temperature and dissolution of carbides leads to
decrease in ductility.

3.3. Investigation of microstructural changes
after hot tensile test of H10 steel

3.3.1. Microstructural evolution

By calculating the grain size, it was observed that
with increasing temperature from 950 °C to 1050
°C, the grain size increases from 12.76 pm to
33.56 um. When the temperature reaches 1100 °C,
the grain growth accelerates and the grain size
reaches 65.51 um. Although, the increase in
temperature is accompanied with an increase in
the grain size. The rate of increase in grain size
was observed less than that of expected due to the
activation of thermally-activated processes and
the occurrence  of  recrystallization. At
temperatures of 1050 °C and 1100 °C, the
structures are heterogeneous and recrystallized
grains can be seen in some areas. At 1150 °C, the
final structure is relatively homogeneous because
it faces only grain growth, especially the growth
of recrystallized grains.

3.4. Investigation of the effect of strain on
recrystallization
In order to investigate the effect of strain on the
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recrystallization behavior of the H10 steel during
hot tensile test, the microstructure of the fracture
surface at the strain rate of 0.1 s!' and
temperature of 1100°C was studied. The results
showed that the grain size decreased from 78 to
65.5 pum with increasing the strain from 0.4 to 0.8.
It seems that the conditions are more suitable for
nucleation in more areas in this strain range. It
could be due to the fact that the increase in
dislocations' density at higher strains provides the
driving force for recrystallization and leads to
more nucleation.

4. CONCLUSION

e The maximum strength of the HI10 alloy
decreased from 211.85 MPa to 71.34 MPa with
increasing temperature from 900 °C to 1150 °C
indicating an improvement in the deformation
behavior.

e The grain growth was observed with
increasing temperature and accelerated at
temperatures over 1050 °C. This could be
attributed to the carbide dissolution.

e Ductility was lower at 900 °C and 950 °C
compared to other temperatures due to low
temperature and inactivation of restoration
processes and the presence of carbides. Dynamic
recrystallization could be occurred with increasing
temperature to 1100-1000°C leading to an
increase in ductility. Finally, ductility decreased at
1150 °C due to the dissolution of carbide particles
and grain growth.

e The grain size decreased from 78 pum to 65.5
um with increasing the strain from 0.4 to 0.8.
Also, more recrystallized grains were observed in
this strain range indicating a higher density of

dislocations and more areas for nucleation.
e The best ductility was achieved at temperature
range of 1000-1100 °C.
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