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process was to investigate phase t
structures. In the next step, initial micfestructural investigations and

conducted using laser and sc
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The results indicated that achieving
was possible using these heat treatment
reasing the holding temperature in the
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Extended Abstract

Introduction

Advanced high-strength low-alloy (HSLA)
steels are a group of engineering materials
known for their desirable properties and
numerous advantages, attributed to a balance in
their microstructure. This microstructural
balance arises from various factors, including
multiphase microstructures, metastable
austenite, and deformations driven by thermally
or mechanically activated transformations, as
well as the development of complex dislocation
substructures, precipitation, and changes at
their interfaces. Advanced high-strength steels
(AHSS) encompass various groups, including
dual-phase steels, multiphase steels, twinning-
induced plasticity (TWIP) steels,
transformation-induced  plasticity  (TRIP)
steels, quenched and partitioned (Q&P) steels,
nanobainitic steels, and strain-hardened steels
through severe plastic deformation, among
others. These steels are classified into different

generations and have been develgped to
overcome the limitations and shortcomings o
one another. The bainitic region, whiclwfor

at temperatures lower than Sihg austenite
transformation temperature but™ a
martensitic transformation tempe

exhibits unique cRaracteristics due the
formation of various p including/ferrite
and bainite. T featuregycan si cantly
influence the mec and structural

properties

Findi iscussion
In this study, a low-alloy steel sample was

selected, followed by a heat treatment process
involving isothermal holding in the bainitic
region for various times and at different
temperatures. Subsequently, microstructural
examinations and phase transformations were
conducted, along with hardness measurements,
to determine the Kinetics of the bainitic
transformation. Typical combination of image
quality and phase map images for different heat
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treatment cycles are shown in Fig. 1. As can be
seen after 1 h isothermal holding at different
temperatures between 500 to 400°C, bainitic
transformation is relatively completed and only
small amount of retained austenite (RA) phase
is detectable in these microstructures.

A4

. Combination of image quality and phase
map Images for different heat treatment cycles
incl g: (a) 500°C-1h, (b) 450°C-1h, and (c)
400°C-1h.

>

Phase transformation was investigated by using
dilatation measurements that are presented in
Fig. 2. As can be seen by increasing isothermal
holding temperatures from 400 to 500°C,
bainitic transformation starts sooner. Besides
the dilatation results shows that tempering
happens at longer isothermal holding times.
These results are in agreement with
microstructural investigation by using EBSD
analyzing (see Fig. 1).
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Fig. 2. Dilatation measurement data at different
isothermal holding temperatures.

The chart depicting the variations in
macrohardness of the samples held
isothermally at 500°C, 450°C, and 400°C for
different durations is shown in Fig. 3. As
observed, the macrohardness remains almost
constant over the time range of 50 to 600
seconds. On the other hand, a comparison of the
macrohardness changes indicates a decrease in
hardness with an increase in isothermal holding
temperature from 400°C to 500°C. During short
isothermal holding periods, the presen
high fraction of soft retained austenite

and during longer holding %eri e
formation of a large fraction of baiqi thQ‘
reduction or evengcomplete elimination of
newly formed martensite, during¥inal cgoling,
result in a drop‘wardnes yConse , the
macrohardness €ha main relatively

stable.
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Fig. 3. Macrohardness data at different
isothermal holding temperatures.

Conclusion

Microstructural examinations revealed that the
bainitic transformation begins at shorter times
with an increase in isothermal holding
temperature in the bainitic region. Phase
transformation analysis using dilatometry
testing showed contraction in@e samples held
at temperatures between 500°Cgand 400°C,
which is associated with the occUwence of
annealing in these sampl acrohardness
variationsﬁicatedth i e ples
at temperatufes between 50 and400°C, the
hardness chan with easifig isothermal
holding time were ne significant, and the trend
remained relatively stable. This behavior in
S gwas explained by the
exarfinations.
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