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A B S T R A C T

This study investigates the isothermal bainite transformation kinetics in a silicon-alloyed, medium-carbon steel 
subjected to a two-step quenching and partitioning (Q&P) treatment, aimed at optimizing the stability and 
distribution of retained austenite (RA). The designed thermal pathway enabled decoupling of martensite for
mation and carbon partitioning, offering enhanced control over phase evolution. Dilatometric analysis and 
Avrami modeling were employed to quantify the transformation behavior during partitioning at 245 ◦C and 
310 ◦C, following quenching to 140 ◦C and 180 ◦C. Microstructural analysis using laser scanning microscopy and 
EBSD revealed the coexistence of tempered martensite, bainite, RA, and secondary martensite. XRD quantifi
cation revealed that the maximum values of RA fractions were near 12–13 %, and the average carbon content 
rose from 0.66 to 1.35 wt% as partitioning progressed. A notable divergence between increasing RA carbon 
content and decreasing RA fraction at prolonged partitioning times highlights the competing effects of austenite 
stabilization, bainitic transformation, and possible carbide precipitation. Arrhenius-derived activation energies 
indicated lower transformation barriers in samples quenched to 140 ◦C (53.5–26.8 kJ/mol), confirming accel
erated bainite formation due to higher pre-existing martensite content. These findings contribute to a better 
understanding of microstructural evolution during Q&P processing and may support further improvements in the 
thermal design of advanced high-strength steels.

1. Introduction

Advanced high-strength steels (AHSSs) have emerged as cornerstone 
materials for structural and safety-critical components in the automo
tive, aerospace, and defense industries due to their ability to combine 
high strength with adequate ductility and energy absorption capabilities 
[1–3]. First-generation AHSSs, including complex phase (CP), dual 
phase (DP), and transformation-induced plasticity (TRIP) steels [4–7], 
offer high strength but limited ductility. Second-generation steels, such 
as stainless and TWIP steels do provide better strength-ductility balance 
but rely on expensive alloying elements [8]. To lower the cost while 
maintaining performance, third-generation AHSSs are being developed 
with UTS values ranging between 500 and 1600 MPa, with 

corresponding elongation varying in the range 50–25 % [9]. Recent 
strategies aim to increase the strength by replacing polygonal ferrite 
with bainitic ferrite, carbide-free bainite, or martensite, while stabiliz
ing a small fraction of finely distributed austenite at room temperature 
through chemical or mechanical means to impart reasonable ductility 
[10].

In 2003, Speer et al. [11] first proposed the innovative quenching 
and partitioning (Q&P) process as a potential means of improving the 
balance of elongation to fracture and tensile strength, enabling stabili
zation of a small fraction of retained austenite (RA) through carbon 
partitioning from martensite to untransformed austenite [12]. The 
unique combination of mechanical properties of a Q&P steel is attrib
uted to its multiphase microstructure, comprising essentially of the 
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