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INTRODUCTION
Duplex stainless steels (DSS) offer an excellent corrosion and 
stress corrosion cracking (SCC) resistance while possessing high 
strength/formability balance. The duplex microstructure of these 
steels consisting of ferrite and austenite is the reason why a com-
bination of good electrochemical and mechanical characteristics 
is met. For instance, the strength and creep are mainly controlled 
by ferrite, whereas ductility and toughness are largely imparted 
by austenite [1]. Such duplex structure, however, makes the hot 
working of these steels challenging as ferrite and austenite show 
significantly different responses to hot deformation.
Ferrite is of a relatively high stacking fault energy (SFE), making 
dislocations easily glide and cross-slip. This makes it highly pro-
ne to dynamic recovery (DRV), which during further hot strai-
ning can turn into continuous dynamic recrystallization (CDRX). 
The latter mechanism is associated with gradual conversion of 
low-angle boundaries (LABs) induced by DRV into medium- and 
high-angle boundaries (HABs) through continuous absorption of 
dislocations during further deformation. There are also studies 
reporting the occurrence of discontinuous dynamic recrystalliza-
tion (DDRX) in ferrite. Some authors have suggested that DDRX 
occurs only in high purity ferrite [2]. There are also studies repor-
ting the Zener-Hollomon parameter (Z) [3] dependence of DRX 
mechanism. Some authors [4,5] have claimed the dominance of 
DDRX at low Z values (i.e., high temperatures and low strain 
rates), while some others [6,7] have questioned this and repor-
ted a reverse relationship. This implies that the DRX mechanisms 
operating in ferrite under different hot working conditions are 

still under debate and more detailed studies are urgently needed 
to clarify this matter. 
Austenite, on the other hand, has a low SFE value, which makes 
it resistant to DRV and, instead, prone to DDRX. In this regard, 
single-phase austenitic steels typically undergo extensive DDRX 
during hot working, through the strain-induced boundary mi-
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gration (SIBM) that is also termed “bulging” [3]. However, such 
mechanism would not be dominant in the case of austenite in 
duplex stainless steels, as there are very few original austenite-
austenite HABs capable of SIBM, once the immobile coherent Σ3 
twin boundaries are excluded. Also, as ferrite is softer and has a 
higher SFE, most of the strain is expected to partition into this 
phase, which also supresses the hot deformation microstructure 
evolution in austenite including DDRX. While the microstructu-
re of austenite formed under hot working has been extensively 
studied for single-phase austenitic steels, such investigations on 
duplex stainless steels are limited. 
The current work studied the microstructure evolution and softe-
ning processes within ferrite and austenite during uniaxial com-
pression of a duplex stainless steel at a temperature of 1000 
°C under different strain rates in the range of 0.1-50 s-1. The 
knowledge obtained is expected to have both fundamental si-
gnificance for the hot deformation of duplex microstructures and 
practical implications in optimizing the hot working of duplex 
stainless steels.

EXPERIMENTAL
The experimental material was a 2205 duplex stainless steel with 
the chemical composition of 0.036 C, 0.321 Si, 1.82 Mn, 23.2 
Cr, 2.90 Mo, 5.6 Ni, 0.153 Cu, 0.245 N (in wt. %) and remainder 
Fe. The as-received material was in a form of a rolled plate. The 
plate sections were heated up to 1370 °C and held at this tem-
perature for 40 min in a muffle furnace in an argon atmosphere. 
This is expected to result in the dissolution of austenite and its 
reversion back to ferrite. The sections were then slowly cooled in 
the furnace from 1370 °C to 970 °C within 48 h and, to avoid 
the formation of brittle precipitates, they were water-quenched 
from 970 °C. The resultant microstructure consisted of ~50% 
austenite having an equiaxed morphology distributed in the fer-
ritic matrix. The uniaxial compression samples were prepared in 
size of 15 mm length and 10 mm diameter. These samples were 
then subjected to hot uniaxial compression using a computer-
controlled servo-hydraulic deformation simulator. The samples 
were first reheated to 1000 °C at a rate of 10 °C/s, and held 
for 120 s to obtain uniform temperature distribution throughout 
the sample cross-section. They were then subjected to single-
pass deformation performed at the strain rate range of 0.1-50 
s−1 to a true strain of 1.0. The samples were immediately water-
quenched after the deformation. The stress-strain curves were 
corrected for the friction effects as explained in [8]. Moreover, 
the increase in the temperature of the material as a result of 
adiabatic deformation heating was estimated to be ~3°C and 
~35°C for the strain rates of 0.1 and 10 s-1, respectively at a 
deformation temperature of 1000°C. 
Microstructure analysis was carried out in the central regions of 
the hot compressed sample sections containing the compression 
axis (CA) direction, using the electron backscattered diffraction 
(EBSD) and transmission electron microscopy (TEM) techniques. 
EBSD study was performed using a Zeiss LEO 1530 FEG SEM 
operated at 20 kV, equipped with the HKL Technology (now Ox-
ford Instruments) EBSD attachment. The TEM investigation was 

carried out using a JEOL JEM 2100F microscope functioned at 
200 kV. A detailed description of the sample preparation proce-
dure, and post-processing of EBSD/TEM results has been given 
elsewhere [9].

RESULTS AND DISCUSSION
The microstructure of the steel after the heat treatment of the 
rolled plate (Fig. 1a) consisted of equiaxed austenite grains em-
bedded in the coarse-grained ferrite matrix. The initial size of au-
stenite and ferrite grains were ~90 and ~350 μm, respectively. 
As seen in Figure 1a, the original ferrite-ferrite grain boundaries 
were largely occupied by austenite grains, which resulted in a 
very low amount of the ferrite/ferrite HABs in the microstructure. 
Austenite grains contained a large volume of Σ3 twin boundari-
es, some of which once intersecting formed Σ9 boundaries. Figu-
re 1b shows the flow curves of the material under two different 
strain rates of 0.1 and 10 s-1. A higher maximum stress occurring 
at relatively larger strain was observed for the strain rate of 10 
s-1, which is consistent with the hindrance of DRV at high strain 
rates. At both conditions, the peaks were broad and the flow 
softening persisted up to a strain of 1.0, i.e., no steady state was 
reached in the experimental strain range.

(a)

(b)
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Fig. 1 - (a) Microstructure of the experimental steel after the 
heat treatment. (b) Flow curves obtained at different strain rates. 
The blue dashed line in (b) show the stress values before correc-
ting the friction effects.

Ferrite
The ferrite microstructure characteristics after hot deformation 
to a true strain of 1 at different strain rates of 0.1, 1, 10 and 
50 s-1 are illustrated in Figure 2. The microstructure shows sub-
stantially different characters based on the strain rate used. At 
the low strain rates (0.1 s-1), the ferrite consisted of a complex 

network of dislocation boundaries with a range of misorienta-
tions from 0-15° (low-angle) to higher-angle grain boundaries. 
At the higher strain rates (10 and 50 s-1), however, most of the 
boundaries were of a high-angle character. These boundaries se-
parated grains which were free of LABs. At the strain rate of 1 
s-1, both boundary characters were observed in different regions 
of the microstructure. To study the evolution of microstructure 
in these two different strain rate ranges, interrupted tests were 
conducted at the strains of 0.2, 0.4, 0.6 and 0.8 for strain rates 
of 0.1 and 10 s-1.
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Fig. 2 - Ferrite EBSD orientation maps obtained at a strain of 1 at strain rates of 0.1 (a,b), 1.0 (c,d), 10 (e,f) and 50 s-1 (g,h). The CA 
direction is vertical. The thin magenta, green, blue and black lines in (a,c,e,g) denote boundaries with misorientations of 0.7° < θ < 
2°, 2° < θ < 5°, 5° < θ < 15° and θ > 15°, respectively. (b,d,f,h) The same maps as (a,c,e,g), respectively, presented in the inverse 

pole figure for CA colouring, with the insets showing the corresponding colour key. Austenite is coloured in grey.

FERRITE - LOW STRAIN RATE REGIME
At the strain rate of 0.1 s-1, with the progress of hot de-
formation, a complex network consisting of a mixture of 
lower- and higher-angle sub-boundaries progressively de-
veloped in ferrite. With an increase in strain, large-angle 
boundary segments having misorientations above 5° beca-
me a major part of this network (Fig. 3). These segments 
were mostly unconnected to the original grain boundaries. 
This implies that the subgrains created at low strain values 
became during further straining gradually converted into 

(sub)grains defined by a mixture of low- and high- angle 
boundaries, which is consistent with the operation of the 
CDRX softening mechanism [7]. This suggests that the main 
mechanism of softening in ferrite at strain rates of 0.1 and 
1 s-1 is CDRX. Figure 4 shows a TEM bright-field image of 
the hot deformed ferrite under a low strain rate. The dislo-
cations observed within ferrite were mostly straight with a 
pure screw character. This demonstrates that the diffusion 
at the deformation temperature has been sufficiently high 
to remove the jogs through dislocation climb.
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Fig. 3 - Ferrite EBSD orientation maps obtained at a strain rate of 0.1 s-1 at strains of 0.2 (a,b), 0.4 (c,d) and 0.8 (e,f), using a step 
size of 0.2 μm. The CA direction is vertical. The thin magenta, green, blue and black lines in (a,c,e) denote boundaries with misorien-
tations of 0.7° < θ < 2°, 2° < θ < 5°, 5° < θ < 15° and θ > 15°, respectively. (b,d,f) The same maps as (a,c,e), respectively, presen-

ted in the inverse pole figure for CA colouring, with the insets showing the corresponding colour key. Austenite is coloured in grey.

Fig. 4 - TEM bright-field micrograph of the ferrite dislocation substructure observed at a strain rate of 0.1 s-1 at a strain of 1.0.
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A comprehensive explanation of the CDRX mechanism has 
been given by Gourdet and Montheillet [10]. This model 
proposes that LABs induced by DRV at early stages of the 
deformation are gradually converted into HABs through 
the rotation and absorption of dislocations. Such resto-
ration mechanism leads to the formation of new roughly 
equiaxed (sub)grains enclosed partly by LABs and partly by 
HABs [10]. The occurrence of CDRX in high SFE metals has 
been, however, criticised by McQueen and Kassner [11] 
who have attributed the formation of new boundaries to 
geometrical dynamic recrystallization (GDRX). The micro-
structures seen in Figure 3, however, cannot be formed 
through GDRX mechanism as, first, the strain imposed 
was not high enough to develop serrations on the grain 
boundaries and make them pinch off. Second, the bounda-
ry network created was a mixture of LABs and HABs, while 
it would be expected to only consist of HABs if it had been 
formed through GDRX. It is to be noted, though, that un-
der some circumstances the CDRX and GDRX mechanisms 
may operate simultaneously [6].

FERRITE - HIGH STRAIN RATE REGIME
The evolution of microstructure with strain at the strain 
rate of 10 s-1 shows distinctly different characteristics 
compared to its low-strain rate counterpart. In this case, 
no (sub)grains enclosed partly by HABs were formed and, 
instead, low-angle subgrains were observed even at the 
largest strain employed (Fig. 5). Already at a strain of 0.2, 
some new grains, fully delineated by HABs, were observed 
within the subgrain matrix and their volume fraction gra-
dually increased with strain, reaching about 0.11, 0.53, 
0.78, and 0.85 at strain values of 0.4, 0.6, 0.8, and 1.0, 
respectively. The nucleation of these grains mostly occurred 
at large-misoriented subgrains, mainly located close to the 
interphase boundary, and these grains grew through the 
migration of their large-angle boundaries (see Fig. 5). To 
check whether these new recrystallized grains have been 
formed through dynamic recrystallization or during quen-
ching, their interiors were studied by TEM. The presence of 

significant densities of largely straight, pure screw dislo-
cations within these grains (Fig. 6) confirmed their dyna-
mic nature, demonstrating that these grains experienced 
plastic deformation after their formation. Due to the strain 
partitioning between austenite and ferrite, a concentration 
of strain at the interphase boundaries is expected. Such 
strain would preferentially accumulate in the ferrite side, 
as ferrite is the softer phase. As a result, in such regions, 
in comparison with the grain interiors, the recrystallization 
nuclei boundaries can rapidly increase their misorienta-
tions, and thus their mobility, with migration along the 
interphase. Thus, in the present duplex stainless steel mi-
crostructure, the initial high-angle ferrite grain boundari-
es would essentially provide no nucleation sites for DDRX 
and, instead, such site would largely be provided by the 
highly-strained interphase regions.
The occurrence of DDRX observed in the present work at 
high strain rates contradicts previous works reporting a 
reverse trend, i.e., the predominance of DDRX at low Z va-
lues [4,5]. However, it should be noted that most of these 
works relied on the optical microscopy observations and 
the shape of the flow stress curves. In case of the du-
plex stainless steel, however, the flow curves would not 
be reliable as they are firstly affected by both ferrite and 
austenite, and secondly the evolution of the interphase 
character during deformation plays a significant role in the 
flow curve evolution. The obtained results in this study are, 
however, in good agreement with the recent report by Ca-
stan et al. [6]. These authors observed that in a ferritic Fe-
Al alloy deformed at a high temperature, the DDRX is do-
minant at high strain rates (i.e., high Z values) while CDRX 
operates at low strain rates (i.e., low Z values). Indeed, low 
strain rate provides enough time for considerable DRV lea-
ding to CDRX (or “extended dynamic recovery”), whereas 
the DRV is limited at higher strain rate so that DDRX me-
chanism is stimulated through the nucleation and growth 
of new recrystallized grains [6,7].
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Fig. 5 - Ferrite EBSD orientation maps obtained at a strain rate of 10 s-1 at strains of 0.2 (a,b), 0.4 (c,d) and 0.8 (e,f), using a step 
size of 0.2 μm. The CA direction is vertical. The thin magenta, green, blue and black lines in (a,c,e) denote boundaries with misorien-
tations of 0.7°< θ < 2°, 2°< θ < 5°, 5° < θ < 15° and θ> 15°, respectively. (b,d,f) The same maps as (a,c,e), respectively, presen-
ted in the inverse pole figure for CA colouring, with the insets showing the corresponding colour key. Austenite is coloured in grey.

Fig. 6 - TEM bright-field micrograph of the ferrite dislocation substructure within a DDRX grain observed at a strain rate of 10 s-1 at 
a strain of 1.0.
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AUSTENITE - DEFORMATION BANDS AND TRANSITION 
REGIONS
The austenite microstructural characteristics were principally 
similar for all the strain rates used. As shown in Figure 7, au-
stenite grains were split into complex-shape, loosely defined, 
highly-misoriented fragments, reminiscent of deformation bands 
(DBs) frequently encountered in single-phase austenite [9,12]. 
Such regions typically displayed large cumulative misorientation 
gradients across their length, despite being frequently filled with 
LABs (Fig. 7c). The DBs were largely separated by transition re-
gions (TRs), comprising arrays of parallel low- and medium-angle 

dislocation boundaries, which cooperatively accommodated si-
gnificant DB rotations, frequently across very short distances. 
An example of such a narrow TR, accumulating a misorientation 
angle of more than 12° across a distance of only 14 μm, is pre-
sented in Figure 7d. It is to be noted that TRs with large miso-
rientation angles were frequently formed close to the interphase 
boundaries. The amount of well-defined TRs was seen to increase 
by an increase in the strain. Furthermore, the TRs observed at 
higher strain values were usually of steeper point-to-origin mi-
sorientations.

Fig. 7 - Examples of the austenite characteristics obtained by EBSD using a step size of 0.2 μm at a strain rate of 10 s-1 at a strain of 
1.0. (a) Boundary map in which the thin blue, green, magenta and black lines indicate boundaries with misorientations of 0.7° < θ 
< 2°, 2° < θ < 5°, 5° < θ < 15° and θ > 15°, respectively. Some TRs are marked by the red arrows. (b) Same map as (a) presented 
in the inverse pole figure for CA colouring with the inset showing the corresponding colour key. The thin and thick black lines indi-
cate boundaries with misorientations of 0.7° < θ < 15° and θ > 15°, respectively. The red and thick blue lines in (a,b) denote Σ3 

twin and interphase boundaries, respectively, and ferrite is coloured in grey. The CA direction is vertical. (c,d) Misorientation linescans 
along the numbered arrows superimposed in (a). The black and green lines represent point-to-point and point-to-origin misorienta-

tion profiles, respectively. 
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The frequent observation of DBs is in line with the general ten-
dency of austenite to undergo deformation banding. There are 
several main reasons why grains have a tendency to split, na-
mely, variation in the stress state and selection of different slip 
systems in different locations in a grain, and local partitioning 
of the total strain across the grain to reduce the overall ener-
gy of the system [12-13]. In addition, the tendency of grains to 
split into mutually rotated regions could also be enhanced by 
the interaction with the neighbouring grains. In this context, the 
complexity of the deformation inside the austenite islands/grains 
in the current duplex stainless steel may be also attributed to the 
effect of heterogeneous strain partitioning [14] and the presence 
of, mostly incoherent, interphases. Thus, the frequent formation 
of TRs close to the interphase boundaries, typically as low- to 
medium-angle boundary arrays aligned along these boundaries, 
can be ascribed to the need to accommodate the strain incom-

patibilities at the interphases.

AUSTENITE - MICROBANDS
As shown in Figure 8a, some microbands (MBs) were locally 
found within the austenite grains. Irrespective of the austenite 
grain orientation and the strain rate imposed, MBs were mostly 
crystallographic, i.e., their extended boundaries were not devia-
ted by more than 10° from the nearest {111} trace. Figure 8 illu-
strates the typical MB characteristics. For a specific point within 
the MB domain (point A in Fig. 8a), the orientation was determi-
ned, together with the misorientation vector across the adjacent 
MB segment. This orientation was converted from Euler angles 
to an orientation matrix from which the EBSD map (sample) axes 
expressed in the crystal lattice coordinates were extracted [12].

Fig 8. - Example of the MB characteristics within austenite. (a) EBSD orientation map of crystallographic MBs acquired using a step 
size of 0.2 μm at a strain rate of 10 s-1 at a strain of 0.4. The CA direction is vertical. The inverse pole figure (IPF) for CA colouring 
scheme is used and ferrite is coloured in grey. The blue lines represent boundaries with misorientation of θ > 0.7°. The bottom-left 

and top-right insets show the area mean CA orientation and the IPF colour key, respectively. (b) Oriented stereographic projection for 
location A indicated in (a) characterised by the local CA vector [91,14,40]. The projection also contains the misorientation axis vector 

[33,63,70] corresponding to the MB wall segment, marked by the small red arrow in (a), aligned close to the
(111) plane trace. The Schmid factor values for all the possible twelve slip systems calculated for the above local CA are shown in 

Table 1. (c) Misorientation linescan along the arrow superimposed in (a). The black and green lines correspond to the point-to-point 
and point-to-origin misorientation profiles, respectively.

_

_
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This made it possible to construct an oriented stereographic 
projection associated with orientation A, in which both the slip 
system components and the CA direction were assigned concrete 
crystallographic indices (Fig. 8b). Consequently, the Schmid fac-
tor values for different slip systems for the selected orientation 
could be calculated (Table 1). From an inspection of the orien-
ted stereographic projection in relation to the EBSD map, shown 
in Figure 8a, it was possible to identify the concrete slip plane 
aligned closest to the MB boundaries and, thus, the Schmid fac-
tors of the slip systems associated with this plane. It was found 
that the trace of the MB arrays was approximately parallel to 
the (111) slip plane, having the second largest sum of the Sch-
mid factor values between the different slip planes (Table 1). To 
assess the character of the MB boundary segment adjacent to 
orientation A, the angle between the (111) slip plane normal 
and the corresponding misorientation axis was calculated. This 
angle was equal to ~55° showing the mixed character of the MB 
boundary. It is to be noted that in the case of MBs, in contrast 
to the TRs, the point-to-origin misorientation profiles across the 
extended boundaries were typically oscillating rather than cumu-
lative (Fig. 8c). This is in agreement with the previously reported 
results for single-phase austenite [9,12,15].
The character of the MBs in this work implies that austenite 
in duplex stainless steel has a high tendency to form crystallo-

graphic MB arrays during hot compression. The analysis of the 
Schmid factors associated with different slip systems suggested 
that MB arrays aligned themselves with the highly-stressed slip 
planes rather than the macroscopically dictated flow direction. 
Nevertheless, such high-stress slip planes did not necessarily 
contain slip systems with the highest possible sum of Schmid 
factor values, but were frequently characterised by the second 
highest summation of these values (see Table 1). This is in line 
with the report by Hong et al. [16] suggesting that the crystallo-
graphic LABs might possess a significant amount of dislocations 
provided by slip systems, which are not co-planar with the slip 
planes aligned with these boundaries. The oscillating point-to-
origin misorientation character of the MB wall arrays has been 
justified by different models. Chen et al. [17] have attributed this 
to the formation of parallel dislocation wall pairs, composed of 
dislocations with opposite signs, on highly-stressed lattice pla-
nes through the “long range” cross-slip. An alternative model 
has been based on the splitting of the pre-existing geometrically 
necessary boundaries, whose rather significant misorientations 
provide the driving force for the MB formation [18]. It should be 
noted that it is plausible that both of these mechanisms might 
operate during MB formation within austenite in duplex stainless 
steels.

_

_

Table 1 - The Schmid factor values obtained from EBSD for all twelve slip systems in location A, close to well-developed crystal-
lographic MBs, shown in Figs. 8a .The sum of the Schmid factors is also given for each slip plane and the sum highlighted in bold 
corresponds to the slip plane whose trace was aligned closest to the MB traces. The local compression axis direction is also given.

Slip Plane (111) (111) (111) (111)

Slip Direction [011] [101] [110] [011] [101] [110] [011] [101] [110] [011] [101] [110]

[91,14,40]

0.04 0.2 0.16 0.25 0.24 0.5 0.15 0.3 0.45 0.14 0.35 0.2

0.4 0.99 0.9 0.69

__

_ _

_ _ _ _ _ _ _

_ _ __ _

_ _____ _
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Slip Plane (111) (111) (111) (111)

Slip Direction [011] [101] [110] [011] [101] [110] [011] [101] [110] [011] [101] [110]

[91,14,40]

0.04 0.2 0.16 0.25 0.24 0.5 0.15 0.3 0.45 0.14 0.35 0.2

0.4 0.99 0.9 0.69

AUSTENITE - DDRX 
DDRX was observed within austenite, although only at high 
strain levels and to a very limited extent. Indeed, at the strain rate 
of 0.1 s-1, the DDRX area fractions were only 1 and 2% at strains 
of 0.8 and 0.1, respectively and the corresponding mean grain 
diameters were about 2.2 and 2.3 μm, respectively. For the strain 
rate of 10 s-1, the DDRX fractions were around 2 and 3% at the 
above strains, respectively, and the corresponding mean grain 
diameters were about 2.7 and 2.9 μm, respectively. DDRX grains 
were found to nucleate on HABs mostly created through the di-
stortion of pre-existing twin boundaries. Most of these grains 
were also close to the interphase regions. The limited amount of 
DDRX in duplex stainless steels might be attributed to two main 

reasons. First, the partitioning of strain occurs mostly towards 
ferrite. Martin et al. [14], for example, have reported that the 
strain accumulating within ferrite might be up to 5 times higher 
than that in austenite. Moreover, most of the initial austenite-
austenite boundaries were coherent Σ3 twin boundaries, which 
are assumed to be of very low mobility. This would highly supress 
the SIBM of austenite boundaries, which is considered a prere-
quisite for DDRX. The EBSD analysis demonstrated that most of 
the boundaries formed during DDRX had the character of the 
first-order (Σ3) and higher-order (Σ9 and Σ27) twin boundari-
es (Fig. 9). This implies that the main mechanism for DDRX of 
austenite in duplex stainless steels is the SIBM of distorted twin 
boundaries followed by multiple twinning.

Fig. 9 - EBSD boundary map, obtained using a step size of 0.2 μm, showing clusters of austenite DDRX grains (arrowed) formed at 
a strain rate of 10 s-1 at a strain of 1.0. The CA direction is vertical. The thin blue, green, magenta and black lines indicate boundaries 
with misorientations of 0.7° < θ < 2°, 2° < θ < 5°, 5° < θ < 15° and θ > 15°, respectively. The red and thick blue lines denote Σ3 

twin and interphase boundaries, respectively, and ferrite is coloured in grey.
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CONCLUSIONS
1. An increase in the strain rate above 1 s-1 at a temperature of 
1000 °C was found to result in the change of the ferrite sof-
tening mechanism from CDRX to DDRX. The nucleation and 
growth of DDRX grains mostly occurred in the ferrite/austenite 
interphase mantle regions. This finding contradicts a number of 
previous reports suggesting a reverse relationship.
2. Austenite mostly underwent DRV and a complex network of 
fragments (DBs) was observed in most of the grains, which was 
largely attributed to the complex strain fields within austenite 
grains.

3. Organised MB arrays were detected in some local regions 
inside austenite grains. MBs mostly displayed a crystallographic 
character, i.e., they were aligned close to the traces of {111} slip 
planes characterized by the highest or the second highest Schmid 
factor values.
4. DDRX in austenite was extremely limited, partly due to the 
little strain austenite received compared to ferrite and partly be-
cause of a low content of the original HABs capable of SIBM. 
DDRX largely occurred close to the interphases through the SIBM 
of distorted pre-existing twin boundaries.
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