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Advanced high strength steels (AHSS) are developed to reduce vehicle weight without sacrificing passenger
safety. The newly developed AHSS frequently incorporates the austenite as the intrinsic component with large
amount and good stability, which is realized by carefully designed alloying elements and thermo-mechanical

processing.

mechanical behavior martensite deformation twins

| 1. Introduction

The advanced high strength steels (AHSS) are developed to overcome the trade-off between the reduction of
vehicle weight and the increase of passenger crashworthiness . The ultrahigh strength of AHSS allows the design
of thinner structural components and lighter automobiles while protecting the passengers from the anti-intrusion
events &, The good ductility of AHSS ensures the large energy absorption during the central collision, the easy

fabrication of complex structural components, and the observed deformation before the sudden failure 2.

| 2. Austenite in AHSS

The austenite grains in the 3rd generation of AHSS demonstrate the different microstructural features which are
determined by the presence of varied defects, including the point defects (interstitial/substitutional atoms), line
defects (dislocations), and area defects (stacking faults/twins/boundary) Bl. Among these defects, the grain
boundary is the most important one as it determines the domain, size, and morphology of the austenitic single
crystal for the storage of other defects. In general, the defects in austenite grains are derived from prior phase
transformation during the thermo-mechanical processing. The austenite grains in Q&P steel demonstrates blocky
and film-like morphologies (Figure 1a) [, which is related to the extent of the martensitic transformation. In
particular, the extensive martensitic transformation leads to the severe partition of prior austenite grain into film-like
retained austenite while the moderate martensitic transformation results in the co-existence of blocky and film-like
residual austenite. The above observation is also applicable for the austenite grains in the CFB steel considering
the displacive nature of bainitic transformation (Figure 1b) . The number of defects in the retained austenite
grains including dislocations, stacking faults, and deformation twins depends on the extent of phase transformation.
The austenite grains retained after displacive shear transformation (martensitic/bainitic transformation) are
deformed to accommodate the transformation strain of the adjacent transformed products 8. The defect density in
austenite grains is heterogeneous owing to the localized deformation process, demonstrating increased defect

density with the decrease of distance to the interface of austenite and product phase 1. Since the blocky austenite
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grains are subjected to less extensive martensitic transformation, they are expected to have lower amounts of
internal defects than that of filmy-like counterparts. The retained austenite grains in medium Mn steel are generally
obtained by reverse transformation from either quenched or deformed martensite, generating the lamellar or
granular austenite grains, respectively (Figure 1c) [&. In addition, the morphology of austenite grains in medium Mn
steel also depends on the extent of reverse transformation. The reverse transformation from ferritic phase to
austenite with different durations results in austenite grains with either lamellar or granular morphology &l. Although
the mechanism of reverse transformation deviates from the displacive shear transformation, the lamellar austenite
grains in medium Mn steel exhibit higher dislocation density than the granular counterpart, which can be

rationalized from the concurrence of dislocations recovery or recrystallization with prolonged duration 29,
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Figure 1. Microstructure of different AHSS containing the metastable austenite grains, including the (a) Q&P steel
(11 Reprinted with permission from ref. 1. Copyright 2018, Elsevier. (b) CFB steel (1213l Reprinted with
permission from ref. 12131 Copyright 2015, 2017, Elsevier. (c) medium Mn steel 1413 Reprinted with permission
from ref. B4I13] Copyright 2019, 2021, Elsevier. and (d) TWIP steel 18l17] Reprinted with permission from ref. (18]
(171 Copyright 2015, 2016, Elsevier. (a-1) and (c-1) are EBSD phase map; (b-1) is SEM image; (d-1) is EBSD
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orientation map; (a-2) to (d-2) are TEM images. Red color and blue color in (a-1) represent the martensite and

austenite, respectively. ND: normal direction. yg: granular austenite; y, : lamellar austenite; a: ferrite.

The phase transformation is frequently associated with element partitioning between the ferritic and austenitic
phases during the thermo-mechanical processing of 3rd generation of AHSS. Owing to the relatively low
partitioning temperature in Q&P steel and the low bainitic transformation temperature in CFB steel, only the C
partitioning from the ferritic phase to the austenite phase is observed while the Mn partitioning is negligible 1811131,
In contrast, the intercritical annealing temperature is sufficiently high to allow both Mn and C partitioning in the
medium Mn steel 292122l The element enrichment (C, Mn), dislocations, and ultrafine grain size are all
contributing to the stabilization of austenite grains at ambient temperature (29028221 Therefore, the austenite grains
in the 3rd generation of AHSS demonstrate unique microstructural features as compared to the ferritic counterpart,
including the different morphologies, higher interstitial/substitutional elements, and heterogeneous distribution of

dislocations.

Different from the complex phase transformation and element partitioning involved in the processing of the 3rd
generation of AHSS, only typical recrystallization, and dislocation recovery is necessary for the fabrication of 2nd
generation of AHSS (i.e., TWIP steel as shown in Figure 1d) 23124 The grain size of the austenite can be tuned by
controlling the austenitization temperature and durations. The heterogeneous grained structure with twinned and
untwined austenitic phase can be generated in TWIP steel (Fe-22Mn-0.6C in wt.%) by employing the severe plastic
deformation and subsequent controlled annealing at 600 °C with partial recrystallization 23, The prolonged aging
treatment of deformed TWIP steel at 400 °C for 336 h may lead to the decomposition of austenite into pearlite at
the highly deformed regions with intensive cementite precipitations 22, The nanotwined steel can be produced by
cold deformation of the TWIP steel system (Fe-17.59Mn-0.75C-1.7Al-0.52Si in wt.%) with the generation of
deformation twins and dislocations, followed by dislocation recovery process to regain the strain hardening
capacity (281, The phase transformation is absent during the cold deformation of TWIP steel and the cementite

precipitation can be avoided by reducing the duration of recovery annealing such as 500 °C for 15 min [28],
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