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1- Introduction

There is currently a strong demand and combination of
strength for development and design of advanced high
strength steels (AHSS) with good ductility to optimize the
weight of steel components for automotive applications.
Quenching and partitioning (Q&P) heat treatment process
is one of the most promising methods to obtain a good
combination of strength and ductility. This innovative
non-equilibrium heat treatment route has attracted
attention in design and development of many automotive
components because of its ability to produce composite
microstructure involving a mixture of lath martensite and
retained austenite films without employing heavy alloying
elements and complex treatment cycles. Although,
Quenched and Tempered (Q&T) steels are also
martensitic in structure and often contain little amount of
RA but they differ from Q&P steels in the sense that in
Q&P steels, a considerable amount of RA films is
deliberately induced within martensite laths to achieve
ductility and work hardening rate without significantly
decreasing the strength. Therefore, the purpose of this
work is to investigate microstructure and mechanical
properties of a medium silicon low alloy 35CHGSA steel
under Q&P heat treatment in comparison to conventional
Q&T condition.

2- Materials and Experimental Procedure

Chemical composition of the commercial low alloy
variant of 35CHGSA steel used in the present
investigation was: 0.35%C, 1.25%Si, 0.89%Mn,
1.18%Cr, 0.01%S, and 0.01%P (wt.%). The heat-treated
specimens were cut off from the as received 5-mm thick
steel strap and were first normalized at 900°C for 15 min
to obtain a more homogenized pre-treated microstructure.
Then, the specimens were heat treated under various
quenching and partitioning heat treatments in order to
achieve various micro-composite  microstructures.
Hardness and tensile tests were performed as well as XRD
phase analysis. The microstructural observations were
carried out by optical microscopy, field emission scanning
electron microscopy (FESEM) equipped with energy-

dispersive spectrometry (EDS), followed with electron
diffraction via transmission electron microscope (TEM).

3- Results and Discussion
Typical FE-SEM micrographs for microstructures of
direct water quenching (DWQ), water quenching and
tempering (Q&T) and quenching and partitioning (Q&P)
samples are compared with each other in Fig. 1. The
electron observations show that the microstructures of
DWQ and Q&T samples are almost identical and
characterized by many packets of laths and parallel
alignment of individual martensitic units within the
packets (Figs. 1a, 1b). Figure 1c shows that after the Q&P
heat  treatment process, the  micro-composite
microstructure contains a mixture of microphases in
valuing tempered martensite, fresh martensite and RA.
The engineering stress-strain curves corresponding to
DWQ, Q&T and Q&P marked samples are shown in Fig.
2. The tensile properties of DWQ samples were related to
a general mechanical behavior, in which the ultra-high
ultimate tensile strength (1791 MPa) with lowest total
elongation (10.9%) are developed in the Q&P samples.
The Q&T samples showed a relatively low tensile
strength (1150 MPa) with moderate amount of total
elongation (14.3%). These results show that the Q&P
samples have the optimized combination of tensile
properties compared to DWQ and Q&T samples, so that
the product of TE multiple UTS is significantly increased
to the maximum value of 25.5 % GPa for Q&P ones. The
comparison of absorbed impact energy between DWQ,
Q&T and Q&P samples has been shown in Fig. 3.
Accordingly, there is a significant difference for the
absorbed impact energy of DWQ, Q&T and Q&P
samples. The absorbed impact energy is sharply increased
from 14 to 24 J cm? corresponding to the impact
properties of DWQ and Q&P marked samples,
respectively. It is shown that the elongation and absorbed
impact energy are moderately increased with tempering of
fully martensitic DWQ samples.
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Figure 1. Selected FE-SEM micrographs of (a) DWQ; (b)
Q&T and (c) Q&P samples. FM: Fresh Martensite; TM:
Temper Martensite; FM/RA: Fresh Martensite/Retained

Austenite.
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Figure 2. Typical engineering stress-engineering strain
curves of DWQ, Q&T and Q&P samples.
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Figure 3. Comparison of Charpy absorbed impact energy for
DWQ, Q&T and Q&P samples.

4- Conclusions

In this study, the improvement of microstructure and
mechanical behavior of a medium silicon low alloy
35CHGSA steel have been investigated under Q&P heat
treatment in comparison to conventional DWQ and Q&T
conditions. The results show that the Q&P heat treatment
process has been associated with the significant
improvement in the mechanical properties compared to
conventional direct water quenching and tempering
condition. The product of ultimate tensile strength
multiple elongation, which is a good criterion for design
and development of advanced high strength steels, is
significantly increased from 16.4 (Q&T samples) to
25.5% GPa (Q&P samples). The significant improvement
in the mechanical properties of Q&P samples has been
rationalized to the formation of micro-composite
microstructures containing martensite-RA
microconstituents in comparison to the fully martensitic
microstructures of Q&T samples.
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