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Abstract

In this study, the influence of intercritical annealing heat treatment on
the quenching and partitioning (Q&P) of ferrite-bainite-martensite
multiphase in high-silicon low-alloy DIN 1.5025 steel was investigated.
Initially, a normalization heat treatment process involving austenitization
at 900°C for 5 minutes followed by air cooling to room temperature was
conducted to achieve homogeneous and uniform initial ferritic-pearlitic
microstructures for all of the specimens. Subsequently, the Q&P heat
treatment cycles comprising partial austenitization in the intercritical
austenite-ferrite region at 775°C for 60 minutes, followed by quenching
in a molten salt bath of partitioning at temperatures of 250, 300, and
350°C for various durations of 2, 5, 15, 30, and 60 minutes were
performed. Optical microscopy (OM) and field-emission scanning
electron microscopy (FE-SEM) observations, standard tensile tests, and
DOI: hardness measurements were employed to evaluate the microstructural
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results demonstrate that the presence of ferrite phase during partial
austenitization in the intercritical austenite-ferrite region enriches
austenite with carbon, reduces the martensite start temperature (Ms),
promotes the formation of fine bainite crystals, and consequently leads
to unconventional continuous yield behavior in the specimens. A
partitioning heat treatment time of 30 minutes in the molten salt bath at
350°C induces the formation of multiphase microstructures containing a
mixture of ferrite-bainite-martensite microphases, along with optimizing
the formability and tensile strength properties to values of 16% and 1350
MPa, respectively.
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Extended Abstract

Introduction

Throughout the world, due to the automotive
industry's need to reduce fuel consumption and
increase passenger safety, steelmakers have
been compelled to search for alternative
solutions (1, 2). One of the major advancements
in this industry is the introduction of Advanced
High-Strength  Steels (AHSS), where the
driving forces for the development of AHSS in
the automotive sector include factors such as
weight reduction, performance enhancement,
and rational methods for producing thin sheets
for sensitive applications in future vehicles (3).
In general, Advanced High-Strength Steels
(AHSS) are divided into three generations.
Current research on the development of third-
generation advanced steels has focused on
utilizing the practical advantages of producing
steels from the first and second generations.
The third generation of advanced steels consists
of a mixture of multiphase microstructures,
including a high-strength phase such as
martensite, and bainite, and varying amounts of
a flexible and highly hard phase such as
austenite and ferrite. Steels in the Quenching
and Partitioning (Q&P) category fall into this
classification (4).

Various parameters such as temperature and
time for partial austenitization, heating and
cooling rates, salt bath quenching and
partitioning temperature, and time are key
factors for the design and production of
multiphase microstructures in Q&P steels (5).
This study aims to investigate the effect of
intercritical annealing heat treatment cycles on
the quenching and partitioning of microphases
including ferrite, bainite, and martensite in DIN
1.5025 steel, with a focus on optimizing the
microstructure and mechanical properties.

Findings and Discussion

Microstructural and hardness
measurements for intercritical samples
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By performing intercritical annealing heat
treatment at 775 °C as seen in Fig. 1, ferrite and
martensite phases are transformed with white
and brown colors, respectively. On the other
hand, it can be seen that the nucleation and
intense growth of austenite grains occurred in
less than 20 minutes (Fig. 1(a)) so it grows with
increasing holding time the austenite growth in
the ferrite phase is almost complete until 130
minutes (Fig. 1 (b).
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Fig. 1. Metallographic images of samples
annealed intercritically at a temperature of 775
°C for the duration of (a) 20; (b) 130 and (d)
190 minutes.

Microstructural investigation of Q&P
samples

Selected examples of the electronic
observations of the microstructure of Q&P
samples are shown in Fig. 2. For samples
guenched in a molten salt bath with
temperatures of 300 and 350 °C for partitioning
times of 5 and 30 minutes, dark-colored ferrite
grains can be seen on a light-gray martensite
background with traces of the formation of fine
bainite crystals. By increasing the isothermal
partitioning time at the above temperatures, the
growth of bainite crystals in austenite
(martensite) has caused the formation of a two-
phase ferrite-bainite microstructure within 30
minutes (Figs. 2 (b) and (d)).
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Fig. 2. FE-SEM images of quenched and
partitioned samples in isothermal conditions at 300
°C for the durations of: (a) 5 minutes and (b) 60
minutes and 350 °C for the durations: (c) 5 minutes
and (d) 60 minutes.

Mechanical Properties of Q&P Samples

The hardness change curves of the Q&P
samples reported in Fig. 3 show the hardness
changes according to the partitioning time for
three temperatures of 250, 300, and 350 °C.
Hardness decreasing up to 2 minutes happens
due to the bainite formation. The decrease in
hardness with time is caused by the decrease in
the volume fraction of martensite and the
growth of the bainite phase in the
microstructure of the samples.
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Fig. 3. Hardness curves for Q&P samples.

The tensile results extracted from true stress-
strain curves related to Q&P samples are shown
in Table 1. By increasing the sample
partitioning time from 5 minutes to 30 minutes
at temperatures of 300 °C and 350 °C, the
tensile strength has decreased from 1902 to
1629 and from 1494 to 1350 MPa, respectively;
On the contrary, the overall length increase of
these samples has increased significantly from
410 7.6% and from 12.8 to 16%, respectively.

Table 1. Tensile results for Q&P sample.

Q&P sample Ys TS Uniform Total TS *UE

(MPa) | (MPa) elongation elongation (GPa)
(UE%) (TE%)

300 °C-5 min 1486 1902 4 4 7.61

300 °C-30 min 1378 1629 6.4 7.6 12.38

350 °C-5 min 1098 1494 11.6 12.8 19.12

350 °C-30 min 1035 1350 13.6 16 21.60

Conclusions

The results obtained are:

1-The formation of the ferrite phase in the
two-phase ferrite-austenite microstructure
during inter-critical annealing has caused
the enrichment of austenite.

2- Intercritical annealing and quenching and
partitioning heat treatment has resulted in
multiphase microstructures containing a
mixture of ferrite, bainite, and martensite
microphases.

3- Optimum tensile properties (product of total
length increase in final tensile strength: 21.6
GPa) have been established for partitioned
samples at 350 °C temperature for 30
minutes.
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