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The strains, transformation temperatures, microstructure, and microhardness of a microalloyed
boron and aluminum precoated steel, which has been isothermally deformed under uniaxial
tensile tests, have been investigated at temperatures between 873 and 1223 K, using a fixed
strain rate value of 0.08 s�1. The effect of each factor, such as temperature and strain value, has
been later valued considering the shift generated on the continuous cooling transformation
(CCT) diagram. The experimental results consist of the starting temperatures that occur for
each transformation, the microhardness values, and the obtained microstructure at the end of
each thermomechanical treatment. All the thermomechanical treatments were performed using
the thermomechanical simulator Gleeble 1500. The results showed that increasing hot prestrain
(HPS) values generate, at the same cooling rate, lower hardness values; this means that the
increasing of HPS generates a shift of the CCT diagram toward a lower starting time for each
transformation. Therefore, high values of hot deformations during the hot stamping process
require a strict control of the cooling process in order to ensure cooling rate values that allow
maintaining good mechanical component characteristics. This phenomenon is amplified when
the prestrain occurs at lower temperatures, and thus, it is very sensitive to the temperature level.
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I. INTRODUCTION

INCREASING strength requirements for structural
steel components in vehicles, aiming to reduce the
weight of cars while preserving their safety characteris-
tics, have brought increasing use of hot forming
operations. The method of press quenching, using
manganese boron steels, allows steels to achieve
strengths greater than 1500 MPa. In these steels, high
formability and high mechanical strength can be
achieved in two different production process steps of a
finished part. The required strengths in the components
can be obtained by heating at least to the austenitizing
temperature, where the material has an fcc structure,
and then cooling sufficiently quickly. An aluminum-
silicon surface coating protects against oxidation of the
base material. The cooling rate during the hot forming
operations is strongly dependent on the surface press
level; therefore, there are different cooling conditions in
the various areas of a press-quenched component.

The physical properties and the performance of these
components are greatly influenced by the microstruc-
ture, residual stresses, and geometrical defects imposed
by the manufacturing process. In order to efficiently
develop these products, it is necessary to quickly

simulate and analyze the manufacturing processes to
predict the final microstructure. Proper simulation tools
are computational numerical models or neuro-fuzzy
models and require accurate material data. Unfortu-
nately, for this innovative material, the continuous
cooling transformations (CCTs) have been determined
only on the thermally treated material, but little
knowledge exists on the CCTs that reproduce the typical
work conditions of the press quenching process. The
purpose of this work is to describe the employed
experimental methods to obtain the hardness and
microstructural changes of prestrained and thermally
treated microalloyed boron steel 22MnB5.[1–3]

II. 22MnB5 ALUMINUM PRECOATED STEEL
PROPERTIES

Quenchable boron steels use this alloying element as a
hardening agent during thermomechanical treatments
and provide a material with excellent hardness and high
strength. The quenching treatment, usually performed on
these materials, determines the heterogeneous precipita-
tion of boron carbide at the grain boundaries and also the
boron segregation. The segregation phenomenon causes
increasing hardenability of the material by suppressing
the austenite to ferrite transformation.[4–6] Substitutional
solid solution elements such as Mn are known to only
slightly influence the strength after quenching; however,
Mn is essential for securing hardenability.
Hot stamping is a nonisothermal forming process for

sheet metals, where forming and quenching take place in
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one combined process step. During the forming process,
the material, which is in the austenitic phase, has good
formability coupled with low mechanical strength. After
the deformation step, the material is quenched directly
inside the stamping, attaining high mechanical strength
at the end of the deformation process. The thermome-
chanical cycle carried out during the working process
allows manufacturers to obtain final products with
complex shape and high mechanical strength. Before
hot stamping, the microstructure of these materials is the
ferritic-pearlitic type; after the stamping step, the micro-
structure may achieve a totally martensitic morphology.

The best cooling rate for quenching is determined by
the conditions that avoid transforming the austenite into
ferrite, pearlite, and bainite transformations, and the
rates also depend on the chemical composition of steel.
The prior austenite grain size plays a key role in
beginning the diffusion transformations. When the
austenite grain size becomes smaller, or the heating
temperature becomes lower, the transformations into
these phases take place quicker and, as a consequence,
the cooling rate for the quenching must be higher.

Based on these considerations, the effect of the hot
prestrain (HPS) level on the beginning of the austenite
phase transformation has been determined. The hot
stamping process requires that the sheet be brought to a
temperature of 1223 K, put inside the dies, and then
deformed and simultaneously quenched. Before the hot
stamping process, these steels exhibit respective yield
stress and ultimate tensile strength values of 400 and
600 MPa. The maximum elongation percentage value is
equal to 21 pct. After the hot deformation and quench-
ing process, the yield and the ultimate tensile strengths
increase to respective values of 1000 and 1500 MPa. The
maximum elongation until fracture decreases to 5 pct.

In order to avoid surface oxidation and decarburiza-
tion phenomena during the hot stamping operations, the
sheets are usually covered with a layer of Al-Si. Through
the hot forming process, the coated surface changes
from Al-10 pct Si to Fe-Al(Si) phase. The melting
temperature of Al-10 pct Si layer is equal to 873 K, but
during the heating, the Fe-Al alloy layer, with high
melting point, is formed. The presence of the Fe-Al(Si)
surface layer also determines a good paintability without
phosphating treatments. Therefore, the 22MnB5 coated
steel simultaneously has good formability and improved
corrosion resistance. Usually, the thickness of the
coating layer is equal to 20 to 30 lm.

The hot material is stamped inside cold dies and the
deformation process is coupled with the quenching
process. The achieved microstructure, in the best con-
ditions, is composed of martensite; thus, the control and
prediction of microstructural growth and the related
mechanical properties of steels are fundamental for steel
manufacturers. In order to achieve this purpose, the
measurement and the prediction of transformation
kinetics are strongly needed. The most important
information that can be provided from a nonisothermal
analysis is start and finish transformation temperatures
and kinds and volume fractions of transformed prod-
ucts. Such characteristics of thermal transformations are
usually studied with CCT curves, in which the start and

end transformation temperatures are displayed for
different cooling paths. Based on the CCT diagrams,
the suitable cooling parameters for producing steels with
desired microstructure can be determined.[6–12]

III. CCT AND CCT HPS DIAGRAMS

By means of the hot deformation simulator Gleeble
1500 (Arcelor, University of Erlangen-Nuremberg,
Bavaria, Germany), hot tensile tests were performed on
standardized tensile test specimens laser cut from sheets
1.75-mm thick. These experiments allowed determina-
tion of the complete CCT diagrams for the 22MnB5 steel
under prestrain conditions. The Gleeble 1500 thermo-
mechanical simulator is able to heat the specimens by
direct resistance heating. A low voltage current passes
directly through the specimen and the resistance of the
specimen itself generates Joule heating. Currents of
several thousand amperes can be supplied to enable very
fast heating rates. Temperature measurements were
performed with thin wire thermocouples, of Ni/Cr-Ni
type, welded to the surface of the specimen, as shown in
Figure 1. A closed loop feedback signal enables precise
control of the heat input based on the temperature at any
instant.
The specimens were austenitized for 4 minutes in order

to obtain a homogeneous austenitic microstructure
before the thermomechanical treatment. Each set of
experiments had differing temperature in which the
mechanical treatment was performed and differing pre-
strain value. Each group of experiments includes eight
different cooling rates arising from increasing air pressure
during cooling. The cooling rate depends on the air
pressure value and even on the temperature at which the
cooling starts. The cooling rates were evaluated both in
the casewithout prestrain, when the cooling starts directly
from the austenitizing temperature, and in the case in
which the HPS is performed at different temperatures.
For each group of experiments, a small difference in

the cooling rate range was observed. Furthermore, the
necessity to bring the material to different deformation
temperatures produces different values of delay in the
start of the deformation process. This delay may
generate a noise in the search of the prestrain level
influence on the transformation temperature, and thus
special attention was paid to evaluate this phenomenon.
This value of delay becomes higher when the deforma-
tion temperature is equal to 873 K, and in this case, the
final microstructure observations depend both on the
movement of the transformation temperature and on
the delay in the start of transformations (Figure 2).
Three temperature values were selected for executing

of the mechanical treatment 1073, 973, and 873 K. This
choice was suggested by considering the bainite start
(BS) temperature for isothermal transformation equal to
831 K depending on the chemical composition of steel,
as shown in Eq. [1]:[13,14]

BSð�CÞ ¼ 830� 270wt pct C� 90wt pct Mn

� 37wt pct Ni� 70wt pct Cr� 83wt pct Mo

½1�
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Therefore, the mechanical treatment temperatures were
selected inside the range A3 to BS, where A3 is the
equilibrium temperature between the austenite and
ferrite phases. The entire experimental scheme is high-
lighted in Table I.

After each set of experiments, the cooling curves
were recorded for each cooling rate. In order to
amplify the difference in the slope of the cooling
curves, numerical computation of the gradient of each
cooling curve was performed. The gradient curves
make it easier to highlight the transformation temper-
atures, because the curves are very sensitive to slope
change. The typical chemical composition of hot
stamping boron steels is 0.2 to 0.4 pct C, 1.1 to
1.3 pct Mn, 1.5 to 3.5 pct Si, 1.5 to 3 pct Cr, and
finally the boron B with percentage 0.002 to 0.004 pct.
The boron enables the ferritic zone to shift toward the
lower cooling rate and thus ensures a good quench-
ability during the heat treatments.

The attained prestrain value was determined using the
optical deformation measurement system ARAMIS.
This system provides the local deformations for a
defined surface. The ARAMIS system is positioned in
front of a tensile test specimen; a stochastic pattern is
applied on the surface of each specimen using a hot
resistant color spray (boron nitride spray), following
guidelines that guarantee a regular and reproducible
pattern on the specimen. The complete deformation
behavior of the specimen can be captured and evaluated
during the deformation process by recording and
evaluating numerous images. In this research, the
prestrain level was selected varying the displacement of
the specimen clamping device and was measured with
the ARAMIS system. The performed analysis deter-
mined the influence of the HPS level on the CCT curve
shapes (Figures 3 through 6).

IV. MICROSTRUCTURE AND
MICROHARDNESS RESULTS

After the thermomechanical treatments, microhard-
ness Vickers tests (test load 1000 grams) and micro-
graphic observations by light optical metallographic
analysis were performed. The middle cross section of
each specimen was prepared for micrographic observa-
tion using standard techniques by grinding with SiC
abrasive followed by polishing on velvet cloth using
diamond paste with 1-lm mean grain dimension. All the
samples were chemically etched using 2 pct Nitric acid
for times dependent on the thermomechanical cycle.
During the deformation process, there are two differ-

ent phenomena that influence the final properties of
material: the increasing the dislocation density and the
decreasing mean free paths of dislocations. Therefore, a
strong influence can be produced from the prestrain
level on the final microstructural properties, depending
on the occurred recrystallization phenomena. The
obtained microhardness values were even related to
the micrographic observation in order to highlight the
kind of phenomena that influence the mechanical
properties of the material.
The micrographic observations for each set of exper-

iment have been performed considering three different
magnification values, in order to make possible the
analysis of recrystallization phenomena and of different
phases. Only at higher magnification, such as 1250 times,
is it possible to distinguish the surface relief associated
with the granular bainite phase transformation; there-
fore, it is possible to highlight the kind of transformation
that occurs, either diffusive or diffusionless. At low
magnification, it is possible to see mixed microstructures
with different dimensions vs the one produced from the
recrystallization phenomenon of austenite grains. The
microstructural observations showed that low prestrain

Fig. 1—Thermomechanical simulator Gleeble 1500.
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values increase the mean grain dimension as well as
decreasing amounts of ferrite. Low values of prestrain
promote diffusionless transformation of the austenitic

phase, and thus produce better mechanical properties.
Higher values of prestrain cause stresses that exceed the
maximum flow stress; therefore, the final material

Fig. 2—Experimental condition: cooling rate ranges and cooling start delays.
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properties are slightly affected by the amount of ferritic
phase amount (Figures 7 through 13(b)). Starting from
the micrographic results, and coupling them with the
thermomechanical analysis previously mentioned, the
CCT curves were produced.[15–21]

V. EXPERIMENTAL RESULTS

After 4 minutes at 1223 K and without prestrain
conditions, the primary austenite grain size (PAGS)
varied between 20 and 45 lm, and the mean grain
dimension decreased when the cooling rate increased. As
shown in Figure 7, the mean grain dimension of the
PAGS, in the case of the 22.2 K/s cooling rate, is lower
and varies between 10 and 32 lm. The martensite
starting point, when the martensitic transformation
occurs, begins at 683 K and ends at 583 K. Cooling
rates up to 35 K/s, and therefore when the cooling air
pressure is higher than 3 9 105 Pa, a fully martensitic
microstructure is achieved. At lower cooling rate,
bainite and even ferrite can be formed resulting in lower
microhardness level, as shown in the Table II. The
microhardness value of the martensite phase was
551 HV, whereas the presence of bainite led to a
decreased hardness of 533 HV and the ferrite-pearlite
microstructure had a lower hardness of 290 HV. During
high-temperature isothermal mechanical treatment fol-
lowed by continuous cooling, a particular kind of
bainite transformation named granular bainite appears;
it is a microstructure of ferrite matrix and islands of
other phases. The island structure of granular bainite
may be martensite and retained austenite; martensite,
bainite, and retained austenite; or other metastable
structures, which are a function of the composition of
steel and the cooling rate. A single thermal cycle
(deformation-free) was used as a reference for subse-
quent determinations of the hot deformation influence.
The first set of experiments with hot deformation

conditions were performed at 1073 K considering two
prestrain values equal to 8 and 17 pct. The coupled
micrographic and microhardness study highlighted
that, when the cooling rate is produced by an air
pressure of 7 or 8 9 105 Pa, for both the prestrain
levels, the obtained microstructure is almost fully
martensitic (Figures 8(b) and 9(b)). The granular bain-
itic transformation occurs at the lowering of cooling
rate and produces lower microhardness values. The
progressive softening of material with decreasing cool-

Table I. Experimental Scheme: Thermal
and Thermomechanical Treatments

Temperature
(K)

Prestrain
(Pct)

Cooling Rate
(Air Pressure in 105 Pa)

1223 no 1 2 3 4 5 6 7 8
1073 8 1 2 3 4 5 6 7 8
1073 17 1 2 3 4 5 6 7 8
973 8 1 2 3 4 5 6 7 8
973 17 1 2 3 4 5 6 7 8
873 8 1 2 3 4 5 6 7 8
873 17 1 2 3 4 5 6 7 8

Fig. 3—CCT diagram without HPS.

Fig. 4—CCT diagram 1073 K; HPS 17 and 8 pct.
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ing rate is much higher with the prestrain value of
17 pct and arises from the transformation of unstable
austenite into ferritic-pearlitic and bainitic phases or a
fully ferritic-pearlitic phase. The delay in the softening
of material that is observed for lower HPS suggests
that the CCT diagram is shifted toward the left side
with increasing prestrain value. The thermomechanical
simulation results allow determining the temperature
range at which the martensitic transformation occurs;
this range became smaller with increasing the hot
deformation level. The Ms temperature attains a value
of 653 K in the case of 8 pct of prestrain and a value
of 643 K for 17 pct of prestrain. Also, the Mf

temperature is shifted downward and attains respective
values of 573 and 553 K for hot deformations of 8 and
17 pct. This lowering of the Ms and Mf temperatures
with increasing prestrain value is also attributed to the
shift of the CCT diagram.

The second set of experiments, considering the same
HPS values (8 and 17 pct), was performed at 973 K in
order to evaluate the effect of the hot deformation
temperature on the material properties. The CCT
diagrams exhibited Ms and Mf temperatures that ranged

between 613 and 563 K, and 573 and 533 K, respec-
tively, for hot deformations of 8 and 17 pct.
The same values were found for the experiments

executed at 873 K. The HPS generates a reduction ofMs

and Mf temperatures, but this reduction becomes
smaller when the temperature of HPS decreases. The
microhardness results for the different operating condi-
tions suggest that higher prestrain levels, even in this
case, decrease the mechanical strength of the material.
This phenomenon is influenced by the cooling rate and
is higher when the cooling rate decreases. The softening
phenomenon, already observed in the case of hot
deformation temperature of 1073 K, is now amplified
and starts earlier. In effect, as shown in Figures 10(a)
through 11(b), only the cooling rate obtained with the
8 9 105 Pa system allows attainment of an almost fully
martensitic microstructure.
The highlighted material softening trends suggested

that HPS produces a shift of the CCT diagram, and
moreover an increase of prestrain value amplifies this
occurrence. The observed shift of CCT diagram to the
left side appears inhomogeneous with varying temper-
ature. This phenomenon is amplified in the temperature

Fig. 5—CCT diagram 973 K; HPS 17 and 8 pct.

Fig. 6—CCT diagram 873 K; HPS 17 and 8 pct.
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range of diffusive pearlitic and ferritic transformations
and became smaller in the field of bainitic transforma-
tions.

The obtained microstructures evidenced that the
recrystallization process is now activated. In effect, the
micrographic observations at low magnification
(525 times) show a mixed microstructure with a PAGS
ranging between values of 5 and 60 lm. The occurrence
of the PAGS refinement influences the kinetics of the
austenitic diffusive transformations and thus the amount
of ferrite and pearlite that can be formed during hot
deformation. The austenitic grain size value causes dual
and opposing effects on the material properties: a
strengthening for grain refinement and a softening
generated from the earlier starting of diffusive transfor-
mations as pearlite and ferrite when the grain size
became smaller. For 8 pct hot deformations, the grain
size refinement is activated even at a higher cooling rate,
and thus, the microstructure contains a small amount of
ferrite mixed with a martensitic-bainitic microstructure.
This microstructure agrees with the obtained micro-
hardness values.

At lower cooling rate, there is a progressive increase
of ferrite and bainite phases. The decreasing of the HV

values is constant until the effect of the strengthening for
grain refinement contrasts with the growing amount of
the ferrite and pearlite. The same trends, but amplified,
were found in the case of hot deformation temperature
equal to 873 K.
It is necessary to state that, when the material is

brought at 873 K before prestraining and quenching,
actually, the deformed microstructure contains a small
amount of diffusive phases; therefore, the recrystalliza-
tion phenomenon of the austenite phase involves only a
fraction of the material. This occurrence causes a
recovery of microhardness at higher cooling rate, due
to a smaller softening effect of grain refinement,
although the material maintains the same microhardness
trend observed in other cases. With decreasing temper-
ature, it is possible to maintain a good microstructural
result only with a low value of prestrain and a high value
of cooling rate. In fact, only in this case does the effect
produced from the recrystallization phenomenon as a
strengthening factor predominate in the formation of
ferritic regions that determine lower mechanical
strength.
During hot forming operations, a strict control of the

cooling process, especially for higher deformations, is

Fig. 7—Micrographic analysis without prestrain condition: (a) 1 9 105 Pa cooling rate 22.1 K/s, (b) 2 9 105 Pa cooling rate 32.1 K/s, (c)
3 9 105 Pa cooling rate 48.8 K/s, (d) 4 9 105 Pa cooling rate 56.6 K/s, (e) 5 9 105 Pa cooling rate 62.9 K/s, (f) 6 9 105 Pa cooling rate 68.3 K/s,
(g) 7 9 105 Pa cooling rate 73.1 K/s, and (h) 8 9 105 Pa cooling rate 101.2 K/s.
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Fig. 8—(a) Micrographic analysis for four different cooling rates at 1073 K and 17 pct of prestrain (magnifications 250 times–525 times–
1250 times); 1 9 105 Pa cooling rate 21.1 K/s, 2 9 105 Pa cooling rate 30 K/s, 3 9 105 Pa cooling rate 45.2 K/s, and 4 9 105 Pa cooling rate
52.3 K/s. (b) Micrographic analysis for four different cooling rates at 1073 K and 17 pct of prestrain (magnifications 250 times–525 times–1250
times); 5 9 105 Pa cooling rate 58.6 K/s, 6 9 105 Pa cooling rate 66.5 K/s, 7 9 105 Pa cooling rate 72.1 K/s, and 8 9 105 Pa cooling rate 100 K/s.
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Fig. 9—(a) Micrographic analysis for four different cooling rates at 1073 K and 8 pct of prestrain (magnifications 250 times–525 times–1250 times);
1 9 105 Pa cooling rate 21.1 K/s, 2 9 105 Pa cooling rate 30 K/s, 3 9 105 Pa cooling rate 45.2 K/s, and 4 9 105 Pa cooling rate 52.3 K/s. (b)
Micrographic analysis for four different cooling rates at 1073 K and 8 pct of prestrain (magnifications 250 times–525 times–1250 times); 5 9 105 Pa
cooling rate 58.6 K/s, 6 9 105 Pa cooling rate 66.5 K/s, 7 9 105 Pa cooling rate 72.1 K/s, and 8 9 105 Pa cooling rate 100 K/s.

1168—VOLUME 40A, MAY 2009 METALLURGICAL AND MATERIALS TRANSACTIONS A



Fig. 10—(a) Micrographic analysis for four different cooling rates at 973 K and 17 pct of prestrain (magnifications 250 times–525 times–
1250 times); 1 9 105 Pa cooling rate 9 K/s, 2 9 105 Pa cooling rate 22.5 K/s, 3 9 105 Pa cooling rate 38.6 K/s, and 4 9 105 Pa cooling rate 45.4 K/s.
(b) Micrographic analysis for four different cooling rates at 973 K and 17 pct of prestrain (magnifications 250 times–525 times–1250 times);
5 9 105 Pa cooling rate 50 K/s, 6 9 105 Pa cooling rate 58.2 K/s, 7 9 105 Pa cooling rate 66.1 K/s, and 8 9 105 Pa cooling rate 77 K/s.
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Fig. 11—(a) Micrographic analysis for four different cooling rates at 973 K and 8 pct of prestrain (magnifications 250 times–525 times–
1250 times); 1 9 105 Pa cooling rate 9 deg K/s, 2 9 105 Pa cooling rate 22.5 K/s, 3 9 105 Pa cooling rate 38.6 K/s, and 4 9 105 Pa cooling rate
45.4 K/s. (b) Micrographic analysis for four different cooling rates at 973 K and 8 pct of prestrain (magnifications 250 times–525 times–
1250 times); 5 9 105 Pa cooling rate 50 K/s, 6 9 105 Pa cooling rate 58.2 K/s, 7 9 105 Pa cooling rate 66.1 K/s, 8 9 105 Pa cooling rate 77 K/s.
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Fig. 12—(a) Micrographic analysis for four different cooling rates at 873 K and 17 pct of prestrain (magnifications 250 times–525 times–
1250 times); 1 9 105 Pa cooling rate 6.4 K/s, 2 9 105 Pa cooling rate 15.1 K/s, 3 9 105 Pa cooling rate 28.6 K/s, and 4 9 105 Pa cooling rate
36.2 K/s. (b) Micrographic analysis for four different cooling rates at 873 K and 17 pct of prestrain (magnifications 250 times–525 times–
1250 times); 5 9 105 Pa cooling rate 40 K/s, 6 9 105 Pa cooling rate 48.1 K/s, 7 9 105 Pa cooling rate 54.1 K/s, 8 9 105 Pa cooling rate 63.2 K/s.
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Fig. 13—(a) Micrographic analysis for four different cooling rates at 873 K and 8 pct of prestrain (magnifications 250 times–525 times–
1250 times); 1 9 105 Pa cooling rate 3.6 K/s, 2 9 105 Pa cooling rate 8.1 K/s, 3 9 105 Pa cooling rate 15.4 K/s, 4 9 105 Pa cooling rate 26 K/s.
(b) Micrographic analysis for four different cooling rates at 873 K and 8 pct of prestrain (magnifications 250 times–525 times–1250 times);
5 9 105 Pa cooling rate 32.6 K/s, 6 9 105 Pa cooling rate 38.9 K/s, 7 9 105 Pa cooling rate 45.1 K/s, 8 9 105 Pa cooling rate 51.2 K/s.
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therefore necessary to preserve good mechanical
strengths in the entire product. Figures 12(a) through
13(b) show the gradual microstructural modification
through a constant lowering of the ferritic-pearlitic
microstructure content at higher cooling rate. This
observation suggests that the recrystallization phenom-
enon depends both on the hot deformation temperature
and on the prestrain value. The micrographic results, in
the case of the hot deformation temperature of 600 K,
both for 8 and 17 pct of prestrain, manifest that the
recrystallization process is more activated and produces
a high amount of ferrite and pearlite phases also at high
cooling rate (Figures 12(a) through 13(b)). The same
influence of the prestrain value on the recrystallization
phenomenon was found for the case of 973 K.

VI. CONCLUSIONS

The method of press quenching of microalloyed
boron steels allows response to the automotive indus-
trial requirement in terms of safety and cost saving. The
physical properties, and therefore the performances of
hot-quenched components, are greatly influenced by the
microstructure, residual stresses, and geometrical defects
imposed by the manufacturing process.

In this work, the strains, transformation tempera-
tures, microstructure, and microhardness properties of
22MnB5 steel, which was isothermally deformed under
uniaxial tensile tests, were investigated at temperatures
between 873 and 1223 K, using a fixed strain rate value
of 0.08 s�1. The experimental results evidenced that
increasing hot deformation values generates lower HV
values at the same cooling rate; this means that the
increase of HPS shifts the CCT diagram toward lower
times and, therefore, a lowering of the starting time for
each transformation. Moreover, the obtained results
evidenced that this phenomenon is inhomogeneous
depending on the different temperature ranges of the
diffusive transformations.

High values of hot deformations during the hot
stamping process, therefore, require a strict control of
the cooling process in order to ensure cooling rate values
that allow maintaining good mechanical characteristics
of components. The recrystallization phenomenon
depends on the HPS temperature, the residence time at
elevated temperature, and finally on the hot deformation

level. The occurrence of the PAGS refinement, produced
from the recrystallization process, influences the kinetics
of the austenitic diffusive transformations and, there-
fore, influences the amount of ferrite and pearlite that
can be formed during the hot deformation process.
Finally, the HPS generates a reduction in Ms and Mf

temperatures, but this reduction becomes smaller when
the temperature of HPS decreases. The feasible future
outlook is the development, starting from this wide
microstructural base knowledge, of a neuro-fuzzy model
able to predict the microstructure and the mechanical
properties of the material under different hot deforma-
tion conditions.[22,23]
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