Journal of Metallurgical and Materials Engineering
DOI: 10.22067/jmme.2022.74973.1039

59 Vol.33, No.2, 2022 (59-72)
https://jmme.um.ac.ir/

The Effect of Quenching and Partitioning
Process on the Microstructure and Tensile
Properties of a Medium Carbon High

Silicon Steel”
Research Article

Ali Akbar Abedini! Habibollah Rastegari Koopaei®
Sayyed Mohammad Emam?

1-Introduction

The applications of high strength and ductil steel for
making light and strong parts have forced researchers to
find solutions and suggestions for producing steel parts
and sheets with the mentioned mechanical properties. The
construction of massive structures and the production of
vehicles with high speed are other applications that have
necessitated the production of this type of steel. The
quenching and partitioning (Q&P) process has helped to
eliminate the above concerns and enabled the production
of high strength steels.

2-Research Methodology

Medium carbon alloy spring steel named 1/7102 made of
54SiCr6 was used as the sample in this study. The
chemical composition of the sample in terms of weight
percentage is shown in table 1.

Table 1 Chemical Composition of samples (wt%b)

C Si Mn P S Cr Mo Ni

052 | 1.4 | 0.64 | 0.012 | 0.003 | 0.62 | 0.0024 | 0.0416

J Mat Pro (Martensitic finish) software was used to
determine critical and optimum quench-partitioning
temperatures. The critical temperatures of our samples are
shown in table 2.

Table 2 Critical Temperatures of samples (°C)

Ms; | Mi | AC; | AGs
286 | 164 | 723 | 837

The partitioning time and quench temperature were
considered the heat treatment process variables. All
samples were fully austenitized at 900°C (higher than
AC3) for 20 min. The heat treatment cycle (Q&P) is
schematically shown in figure 1.

The samples are named based on the quench
temperature and partitioning time. For example, 170-3 is
related to the sample quenched at 170 °C and partitioned
for 3 minutes. The partitioning temperature for all
samples was 300 °C. In order to evaluate the
microstructural development after heat treatment tests, the

samples were characterized by light microscope (Meiji
Techno-1M7200) equipped with imaging camera.
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Figure 1: The heat treatment cycle (Q&P)

3- Results and Discussion

3-1 Quenching temperature

The microstructure obtained after quenching at 170, 200
and 230°C for 3 minutes indicated that the lower
quenching temperature resulted in higher retained
austenite (white area).

3-2 Partitioning time

The effect of partitioning time on the microstructure for
guenching temperature of 170°C was evaluated. The
results clearly show the effect of quench temperature and
partitioning time on the residual austenite.

3-3 Tensile properties
After heat treatment, standard tensile test samples were
prepared according to the ASTM E8. The length and
diameter of the tensile samples were 30 and 6 mm,
respectively. The tensile test was taken by the Santam-
STM250 machine with a strain rate of 10 mm/min.
Effect of quenching temperature and partitioning time
on the tensile properties are shown in figure 2, and it is
observed that the tensile strength obtained after Q&P
operation for different conditions is much higher than the
raw sample (up to 117% increase).
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Figure 2: Effect of quenching temperature and partitioning
time on tensile properties a) Tensile Strength (UTS), b)
Yield Strength (YS), c¢) Total elongation (TEL), d) Uniform
elongation (UEL), and e) Reduction area (RA).

In addition, the obtained strengths were much higher
than the as quenched condition (up to 46% increase).
However, the total elongation obtained for some samples
after Q&P heat treatment did not decrease compared with
the pearlitic structure of as-recieved sample.

Based on the obtained tensile properties, the best
tensile properties were for the sample quenched at 170°C
and partitioned at 8 min with the tensile strength of 1997.3
MPa, yield strength of 1730.2 MPa, elongation of 10.3%,
and reduction area of 48%. It can be claimed that a rod
with such specifications (i.e. microstructure and tensile

properties) will have excellent cold drawability and can
be a good option for the production of springs.

4- Conclusion

* Q&P heat treatment has resulted in the formation of a
micro composite microstructure in 1.7102 steel.

* Increasing partitioning time after quench caused residual
austenite loss and the formation of carbide deposits in
the microstructure.

* Quenching at 170°C and partitioning at 300°C for 8 min
resulted in the tensile strength of 1997 MPa, vyield
strength of 1730 MPa, elongation of 10.3% and
reduction area of 48%.

* The highest strength obtained was 2036 MPa related to
the sample 3-200, and the lowest tensile strength was
1871 MPa related to the sample 15-170.
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