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ABSTRACT

The study described here focuses on the microstructure and mechanical prop-

erties of a novel hot-rolled medium-Mn steel (Fe–0.25C–4Mn–1.88Al–0.6Si–

0.04Nb–0.08V, wt%) that contained only 4 wt% Mn and modest Al content of

1.88 wt%. It was found that a relatively high content (25–53 vol%) of retained

austenite was obtained by intercritical annealing process. With increase in

intercritical annealing temperature from 700 to 740 and to 760 �C, retained

austenite fraction increased from 25.1 to 53.2% and then decreased to 46.1%.

Besides, mechanical stability of retained austenite in 700–760 �C intercritically

annealed steels decreased with increase in intercritical annealing temperature.

The 720 �C intercritically annealed steel yielded excellent mechanical properties

with yield strength of 766 MPa, tensile strength of 951 MPa, total elongation of

48.6% and PSE of 46.22 GPa�%, achieved by a high volume fraction of retained

austenite (46%) with relatively high mechanical stability. Thus, the 4% Mn steel

present in this study indicated excellent mechanical properties of medium-Mn

steels can be achieved using low alloy content.

Introduction

In recent years, the third-generation advanced high

strength steels have attracted significant interest

because of outstanding combination of strength and

ductility. Medium-Mn steels (4–10 wt% Mn content)

are considered to be one of the most promising third-

generation advanced high strength steels [1].

Medium-Mn steels have an ultrafine-grained

microstructure resulting from the heat treatment in

austenite ? ferrite two phase region (intercritical

annealing) [2, 3]. High content (20–60 vol%) of

austenite can be obtained in medium-Mn steels,

which has significant influence on mechanical prop-

erties [4–7].
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In typical Fe–Mn–C medium-Mn steels, a relatively

long holding time in the intercritical temperature

region is required to develop austenite-ferrite duplex

structure [8, 9]. This is because Mn decreases the

intercritical annealing temperature, which decreases

the kinetics of austenite formation. For example, Shi

et al. [10] reported that a Fe–0.2/0.4C–5/7Mn (wt%)

steel exhibited tensile strength of 1–1.5 GPa and

ductility of 31–44%, which required intercritical

annealing time of 6 h at 650 �C. Adding relatively

high content of Al to medium-Mn steels can enhance

Ae1 and Ae3 temperature, such that intercritical

annealing has to be performed at higher temperature,

which contributes to the decrease in intercritical

annealing time [11]. Besides, high content of Al

added to medium-Mn steels was beneficial in

obtaining a desirable fraction of austenite by sup-

pressing excessive transformation of intercritical

austenite and enhancing C and Mn partitioned into

intercritical austenite [11]. Thus, medium-Mn steels

alloyed by high content of Al have been developed

and outstanding mechanical properties are obtained.

For examples, Li et al. [12] reported that PSE (product

of tensile strength and total elongation) of 43.7 GPa%

was obtained in a hot-rolled Fe–0.2C–8.5Mn–3Al

(wt%) steel after annealing at 750 �C for 1 h. Cai et al.

designed a cold-rolled Fe–0.18C–11Mn–3.8Al (wt%)

steel, which exhibited PSE up to 65 GPa% after

annealing at 770 �C [13]. Although excellent

mechanical properties have been obtained in these

recently developed Mn–Al medium-Mn steels, they

are not cost effective and there are difficulties in

processing steel with high Mn and Al content [3].

High Mn content in medium-Mn steel requires more

heat input to melt ferromanganese alloys. Addition-

ally, the high Mn content in medium-Mn steel leads

to Mn segregation during solidification and decreases

thermal conductivity of continuous casting slabs.

This may cause internal cracks between columnar

grains in slabs because of large thermal stress gradi-

ent during cooling [3]. Thus, it is important to fun-

damentally understand and explore mechanical

behavior of medium-Mn steel with low Mn and Al

content.

Based on the prior literature, it can be summarized

that previous works mainly focused on medium-Mn

steels with Mn content of 5–10 wt% [7, 14–17]. The Al

content in majority of Mn–Al medium-Mn steels was

greater than 2 wt% [15]. Recently, the focus has been

on medium-Mn steels with Mn content less than

5 wt%. Seo et al. [18] studied a Fe–0.2C–4.0Mn–1.6Si–

1.0Cr (wt%) steel processed by quenching and parti-

tioning (Q&P) process and cold-rolled 4 wt% Mn

steels alloyed by Ti and Mo were studied by Lee et al.

[7]. However, studies on hot-rolled medium-Mn steel

with Mn content less than 5 wt% processed by

intercritical annealing are rare. Austenite content,

austenite stability and mechanical properties in hot-

rolled medium-Mn steels with low alloy content are

unclear. It is novel and interesting to study whether

excellent tensile properties can be obtained in med-

ium-Mn steel with low alloy content. In this study,

we designed a novel hot-rolled medium-Mn steel

(Fe–0.25C–4Mn–1.88Al–0.6Si–0.04Nb–0.08V, wt%) that

contained only 4 wt% Mn and modest Al content of

1.88 wt%, but exhibited excellent tensile properties.

Microstructure, mechanical properties and austenite

stability in this hot-rolled 4% Mn steel processed by

intercritical annealing were studied in detail.

Materials and methods

The chemical composition of the experimental steel is

listed in Table 1. The fraction of equilibrium phase in

the temperature range of 600–950 �C calculated by

Thermo-Calc software combined with TCFE6 data-

base is shown in Fig. 1. It can be seen that the start

temperature and finish temperature of transforma-

tion from ferrite and Fe3C to austenite were 640 and

700 �C, respectively.

A 90-kg ingot of the experimental steel was pre-

pared by vacuum induction melting. The ingot was

forged into a billet with a section dimension of

70 mm 9 60 mm. The billet was homogenized at

1200 �C for 2 h and then hot-rolled to 4-mm-thick

sheet involving nine passes. The finish rolling tem-

perature was * 900 �C. After finish rolling, the sheet

was finally cooled to room temperature in air. Sub-

sequently, the as-hot-rolled sheet was subjected to

intercritical annealing, which involved intercritical

annealing at 700, 720, 740 and 760 �C for 60 min,

respectively, followed by air cooling to room tem-

perature. For convenience, the as-hot-rolled sheet

Table 1 Chemical composition of experimental steel (wt%)

C Mn Al Si Nb V Fe

0.25 4 1.88 0.6 0.04 0.08 Bal.
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intercritically annealed at 700, 720, 740 and 760 �C is

referred to as A700, A720, A740 and A760,

respectively.

Phase transformation temperature during heating

and cooling was studied by a Formastor-FII full-au-

tomatic thermal dilatometer. Cylindrical specimens

(dimensions /3 9 10 mm) were used for dilatometry

study. The microstructure of intercritically annealed

sheets was observed by JXA-8530F electron probe

microanalyzer (EPMA) after mechanical polishing

and etching with 4% nital (time 30 s). Austenite

phase and Schmid factor of austenite were deter-

mined by electron backscattered diffraction (EBSD)

system attached to a Zeiss Ultra-55 field emission

scanning electron microscope (SEM). Specimens for

EBSD study were first mechanically polished and

then electropolished (current * 0.8 A, time * 20 s)

using an electrolyte consisting of perchloric acid and

alcohol in the proportion of 1:7 at 22 �C.

Microstructure, Mn content in different phases and

chemical composition of precipitates were analyzed

by Tecnai G2 transmission electron microscope (TEM)

equipped with energy-dispersive spectrometer (EDS)

system. TEM specimen (diameter 3 mm) was first

mechanically thinned to 50 lm and then twin-jet

electropolished at - 22 �C in a solution containing

perchloric acid and alcohol in the proportion of 2:23.

The measurement of retained austenite (RA) con-

tent before and after tensile deformation (fractured

sample) was taken by D/max2400 X-ray diffrac-

tometer (XRD) (Cu-Ka radiation, scan rate 0.04�/s).

Fractured samples tested by EBSD, TEM and XRD

were in the region that was * 6 mm away from the

fracture surface. XRD sample was electropolished

using a procedure identical to the EBSD sample.

Integrated intensities of (200)a, (211)a, (200)c, (220)c
and (311)c diffraction peaks were selected for calcu-

lating the volume fraction of RA using Origin 8.6. The

following equation was used to calculate the volume

fraction of RA [19]:

Vc ¼ 1:4Ic= Ia þ 1:4Ic
� �

ð1Þ

where Vc, Ia and Ic are the volume fraction of RA,

average integral intensities of ferrite and austenite

peaks, respectively.

Tensile specimens of dimensions 6.25 mm

(width) 9 4 mm (thickness) 9 25 mm (gauge length)

were machined with longitudinal axis parallel to the

hot rolling direction. The tensile test was performed

using a universal testing machine (crosshead speed

2 mm/min, room temperature). The strain hardening

rate (h) was calculated using the following equation

[20]:

h ¼ dr / de ð2Þ

where r is true stress and e is true strain.

Results

Dilatometer curves and microstructure

Figure 2 shows dilatometric curves of intercritically

annealed specimens. The dilatometric specimens

were heated to 700, 720, 740 and 760 �C at a heating

rate of 5 �C/s and then were intercritically annealed

Figure 1 Fraction of equilibrium phases in the temperature range

of 600–950 �C calculated by Thermo-Calc software combined

with TCFE6 database.

Figure 2 Dilatometric curves of specimens intercritically

annealed at 700–760 �C for 60 min.
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for 60 min, followed by cooling to room temperature

at a cooling rate of 10 �C/s. From Fig. 2, it was

observed that no martensite transformation occurred

in the sample intercritically annealed at 700–720 �C,

while intercritical austenite formed during intercriti-

cal annealing at 740–760 �C transformed to marten-

site. The Ms temperature of 740 and 760 �C

intercritically annealed samples was 116 and 173 �C,

respectively.

Figure 3 shows EPMA micrographs of as-hot-rol-

led sheet, A700, A720, A740 and A760 steels. In the

as-hot-rolled sample, the microstructure consisted of

martensite (Fig. 3a). When the intercritical annealing

temperature was 700 �C, some of the martensite laths

Figure 3 EPMA micrographs of a as-hot-rolled sheet, b A700, c A720, d A740 and e A760 steels. RD is rolling direction, and ND is

normal direction.
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were transformed into austenite laths, which were

the hard-etched phases, i.e., the bright laths in

Fig. 3b. At the same time, carbides were observed.

With increase in intercritical annealing temperature

to 720–760 �C, lamellar structure was more distinct

(Fig. 3c–e). Based on the dilatometric curves (Fig. 2),

it can be concluded that A720 steel possessed a

duplex structure consisting of ferrite and RA. How-

ever, from the dilatometric curves (Fig. 2), there must

be a small amount of martensite in A740 and A760

steels besides ferrite and RA. Additionally, in order

to obtain the distribution of RA grain size in A720

steel, the microstructure of A720 steel was studied

using EBSD and the result is shown in Fig. 4. The

result confirmed that RA grain size was not uniform

and was characterized by a wide distribution

(Fig. 4b).

Figure 5 shows XRD patterns of undeformed and

fractured samples, comparison of measured RA

fraction and transformation ratio of RA between

undeformed and fractured samples. Ferrite and

austenite peaks were present in all the samples, while

the austenite peaks of undeformed samples were of

higher intensity than fractured samples (Fig. 5a and

b). From Fig. 5c, it can be seen that with increase in

intercritical annealing temperature from 700 to

740 �C, RA fraction was increased from 25.1 to 53.2%,

while RA fraction was decreased from 53.2 to 46.1%

on increasing the intercritical annealing temperature

from 740 to 760 �C. RA fraction in fractured samples

was decreased with the increase in annealing tem-

perature. Besides, when the intercritical annealing

temperature was increased from 700 to 740 �C, the

transformation ratio of RA in A700-A740 samples

was obviously increased (Fig. 5d). The minimal

transformation ratio of RA was 29.1% in A700 steel,

while the maximal transformation ratio of RA was

93.8% in A740 steel.

Figure 6 shows TEM studies of undeformed sam-

ple of A720 steel. In Fig. 6a, lath-like RA and ferrite

were observed. The corresponding EDS result of Mn

distribution in RA and ferrite in Fig. 6a is shown in

Fig. 6c. A total of 16 random points were selected,

and the result showed that the average Mn content

was 7.4 wt% in RA and 2.5 wt% in ferrite. This con-

firmed that Mn was enriched in austenite during

intercritical annealing. Besides, it can be seen from

Fig. 6b that precipitates with an average diameter of

* 8–15 nm were observed in ferrite matrix, austenite

matrix and the interface of ferrite and austenite. The

EDS analysis indicated that the particle was (Nb, V)C

(Fig. 6d) and VC (Fig. 6e).

Figure 7 shows TEM micrographs of fractured

sample of A720 steel. The selected area electron

diffraction (SAED) pattern (Fig. 7c) of the region

identified by red circle in Fig. 7a indicated that it was

a bcc crystal structure and the Mn content was

7.6 wt%, as determined by EDS in TEM. Thus, the red

circle region was not ferrite, but martensite that

transformed from RA during tensile deformation.

Moreover, untransformed RA and stacking faults in

RA were also observed in the fractured sample of

A720 steel (Fig. 7d), as evidenced by dark-field image

(Fig. 7e) and SAED pattern (Fig. 7f).

Figure 4 a EBSD micrograph of A720 steel and b distribution of RA grain size in A720 steel. The red part in a is RA. RA grain size was

calculated using equivalent circled diameter.
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Figure 8 shows Schmid factor distribution map

and corresponding statistical data of Schmid factor

distribution of RA grain analyzed by EBSD. It can be

seen from Fig. 8a, b that in A720 steel majority of RA

grains had Schmid factor greater than 0.4 and the

percentage was 93%. However, from Fig. 8c, d, it was

observed that in the fractured sample of A720 steel,

the percentage of RA grains with Schmid factor

greater than 0.4 was only 30%.

Mechanical properties

Figure 9 shows room temperature engineering

stress–strain plots of A700-A760 steels, and the cor-

responding mechanical properties extracted from the

plots are listed in Table 2. It can be seen that

mechanical properties were influenced by intercriti-

cal annealing temperature. As the intercritical

annealing temperature was increased, the tensile

strength of intercritically annealed sheet was

increased, while the yield strength was decreased.

Yield ratio decreased with increase in intercritical

annealing temperature, which implied a rapid

increase in strain hardening. It should be noted that

superior mechanical properties with yield strength of

766 MPa, tensile strength of 951 MPa and total elon-

gation of 48.6% were obtained in A720 steel, leading

to highest PSE of 46.22 GPa% in A720 steel. More-

over, the four engineering stress–strain curves were

significantly different. Serrated fluctuation behavior

was observed in A720, A740 and A760 steels, while

no serrated fluctuation behavior was observed in

A700 steel. Figure 10 shows work hardening rate–

true strain curves of A700, A720, A740 and A760

steels. It can be seen that significant serrated fluctu-

ation (multi-peak) was observed in the work

Figure 5 XRD patterns of a undeformed and b fractured samples, c comparison of measured RA fraction and d transformation ratio of

RA between undeformed and fractured samples.

J Mater Sci (2018) 53:12570–12582 12575



hardening rate–true strain curves of A720, A740 and

A760 steels, consistent with the engineering stress–

strain curves (Fig. 9).

Discussion

Thermal stability of intercritical austenite

With increase in intercritical annealing temperature

from 700 to 740 and to 760 �C, RA fraction in A700-

A760 steels was increased from 25 to 53%, followed

by decrease to 46% (Fig. 5). Martensite transforma-

tion was observed in the dilatometer curves of A740-

A760 steels, while no martensite transformation was

observed in the dilatometer curves of A700-A720

steels. It can be inferred that thermal stability of

intercritical austenite was significantly influenced by

intercritical annealing temperature. Figure 11 shows

the solute content of C, Si, Mn and Al in austenite in

the temperature range of 675–800 �C calculated using

Thermo-Calc software combined with TCFE6 data-

base. It can be seen that C and Mn contents in

austenite obviously varied with temperature, while

Al and Si contents were insensitive to temperature.

Thus, intercritical annealing temperature influences

the C and Mn contents in intercritical austenite. In the

temperature range of 700–760 �C, C and Mn diffused

to intercritical austenite during intercritical annealing

process. However, with the increase in intercritical

annealing temperature (700–760 �C), the intercritical

austenite content was increased (Fig. 1), such that C

and Mn contents in intercritical austenite were

decreased (Fig. 11). C and Mn are strong austenite-

stabilizing elements [21, 22]. Thus, thermal stability

of intercritical austenite was decreased with the

increase in intercritical annealing temperature. This

led to martensite transformation present in

740–760 �C intercritically annealed steels. Besides, the

decrease in RA fraction in A760 steel may be related

Figure 6 a, b TEM micrographs of undeformed sample of A720 steel, c corresponding Mn distribution in a by EDS and d, e EDS

analysis of precipitate. EDS analysis of d and e was obtained from the precipitate denoted by white circle and red circle in b, respectively.
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to the factor that thermal stability of intercritical

austenite formed at 760 �C was relatively low, such

that much intercritical austenite transformed to

martensite. Moreover, it is well known that thermal

stability of austenite decreases with the coarsening of

austenite grains [23, 24]. In A740-A760 steels, the size

of intercritical austenite formed during intercritical

annealing may increase with increase in intercritical

annealing temperature, which reduces thermal sta-

bility of intercritical austenite and contributes to

martensite transformation.

Mechanical stability of RA

In medium-Mn steels, in order to have a better

comparison of the mechanical stability of RA, the

following equation was used [25]:

fce ¼ fc0exp �keð Þ ð3Þ

where fc0 is an initial value of the volume fraction of

RA in the sample before tensile deformation and fce is

a value strained to fracture. The calculated k value of

A700, A720, A740 and A760 steels was 1.7, 4.1, 10.6

and 12.7, respectively. A lower k value corresponds to

higher mechanical stability of RA. It is apparent that

the mechanical stability of RA in A700-A760 steels

was decreased with increase in intercritical annealing

temperature.

In this study, no serrated fluctuation was observed

in the work hardening behavior in A700 steel, while

serrated fluctuation was observed in the work hard-

ening behavior in A720–A760 steels. Serrated fluctu-

ation in the work hardening behavior in A720, A740

and A760 steels started at true strain of * 0.14,

* 0.025 and * 0.013, respectively (Fig. 10). This may

be related to mechanical stability of RA. RA with

lower mechanical stability in A740 and A760 steels

started transforming at a smaller strain and resulted

in the premature appearance of serrated fluctuation

in the work hardening behavior, which was similar to

the observation in a hot-rolled Fe–0.2C–5Mn–1.5Al–

Figure 7 TEM micrographs of fractured sample of A720 steel: a–

c bright-field image, dark-field image and corresponding SAED

pattern of martensite transformed from RA and d–f bright-field

image, dark-field image and corresponding SAED pattern of

untransformed RA. SAED patterns of c and f were obtained from

the area denoted by red circle in a and d, respectively.
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0.5Si (wt%) steel [26]. Cai et al. [27] reported that the

serrated fluctuation in the work hardening behavior

of medium-Mn steels was related to discontinuous

transformation induced plasticity (TRIP) effect

involving stress relaxation and transfer during

deformation with consequent enhancement in duc-

tility. Besides, Xu et al.[26] also confirmed that the

serrated fluctuation was attributed to the inhomoge-

neous and discontinuous occurrence of TRIP effect .

Discontinuous TRIP effect primarily results from RA

with different degree of mechanical stability [28, 29].

Thus, it is worth finding out the reason underlying

the different degree of mechanical stability of RA. As

for highest PSE obtained in A720 steel, we mainly

focused on the factors resulting in inhomogeneous

mechanical stability of RA in A720 steel. From the

EDS result shown in Fig. 6c, we know that the Mn

content in RA grains was similar and the average

Figure 8 a, c Schmid factor distribution map and b, d corresponding statistical data of Schmid factor distribution of RA grain analyzed

by EBSD: a, b undeformed sample and c, d fractured sample of A720 steel.

Figure 9 Room-temperature engineering stress–strain plots of

A700–A760 steels.
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content of Mn in RA was 7.4 wt%. As regards C

content in RA, we consider that it was almost uni-

form in different RA grains because of its high dif-

fusion coefficient. Thus, inhomogeneous mechanical

stability of RA is not mainly related to Mn and C

contents in RA grains. From the EBSD result shown

in Fig. 4, RA grain size was not uniform and had a

wide distribution. It is well known that mechanical

stability of austenite is significantly influenced by

grain size [28]. Mechanical stability of austenite

deceases with increase in grain size, such that it can

be inferred that inhomogeneous mechanical stability

of RA in A720 steel is related to the heterogeneity in

RA grain size (Fig. 4). Besides, from the EBSD result

shown in Fig. 4a, the morphology of RA was differ-

ent. Both lath-like RA and blocky RA were observed.

Previous studies confirmed that the mechanical sta-

bility of lath-like RA and blocky RA was different

[18, 28]. Thus, it can be inferred that inhomogeneous

mechanical stability of RA in A720 steel is also related

to the morphology of RA. Moreover, the relative

volume fraction of RA in A720 steel having the

Table 2 Mechanical properties of A700–A760 steels

Specimen Yield strength/MPa Tensile strength/MPa Total elongation/% PSE/GPa% Yield ratio/%

A700 828 913 23.1 21.09 91

A720 766 951 48.6 46.22 81

A740 683 1143 29.9 34.18 60

A760 562 1251 23.6 29.52 45

Figure 10 Work hardening rate-true strain curves of a A700, b A720, c A740 and d A760 steels.
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Schmid factors smaller than 0.4 was * 7% before

deformation and * 70% after tensile deformation

(Fig. 8). The result indicated that the RA with small

Schmid factor (\ 0.4) in A720 steel tended to remain

stable during tensile deformation. In a previous

study, it was shown that when Schmid factor was less

than 0.4, RA grain exhibited a considerable stability

during deformation [30]. Thus, we believe that

besides grain size and morphology of RA, inhomo-

geneous mechanical stability of RA in A720 steel is

also related to Schmid factor of RA.

Mechanical properties

Figure 12 shows the variation of PSE, volume fraction

of RA and k value in A700–A760 steels. It can be seen

that the variation of PSE was not in accordance with

the variation of volume fraction of RA. Highest vol-

ume fraction of RA was obtained in A740 steel, but

highest PSE was not obtained in A740 steel. How-

ever, highest PSE of 46.22 GPa% was obtained in

A720 steel. Thus, mechanical properties of A700–

A760 steels was not only related to RA fraction, but

also was related to the mechanical stability of RA.

From the k value shown in Fig. 12, it was known

that mechanical stability of RA in A700 steel was

relatively stable, which resulted in the relatively low

transformation ratio of austenite to martensite

(Fig. 5). Thus, TRIP effect cannot sufficiently occur in

A700 steel, leading to a low PSE. However, in A720

steel, tensile strength and total elongation were

higher than A700 steel. This is related to the result

that both RA volume fraction and transformation

ratio of austenite to martensite after tensile test of

A720 steel were higher than A700 steel (Fig. 5). RA

can significantly enhance strength and ductility

through TRIP effect [31]. Besides, tensile strength of

A740 steel was higher than A720 steel, but total

elongation of A740 steel was lower than A720 steel.

This is because the mechanical stability of RA in A740

steel was lower than A720 steel (Fig. 12). Although

higher content of RA obtained in A740 steel, TRIP

effect that occurred in A740 steel during deformation

may finish at lower strain than A720 steel (Fig. 10),

leading to a lower elongation present in A740 steel.

Thus, it can be inferred that highest PSE obtained in

A720 steel was achieved by a high volume fraction of

RA with relatively high mechanical stability. Besides,

in A760 steel, RA content and mechanical stability of

RA were lower than A740 steel (Fig. 12), such that a

lower total elongation was obtained in A760 steel.

Table 3 shows the comparison between medium-

Mn steels reported in the literature and experimental

steel. A comparatively higher PSE of 46.22 GPa% was

obtained in our experimental steel. In contrast, other

medium-Mn steels containing high content of Mn

had near similar or lower tensile strength with a

lower total elongation. Moreover, it should be noted

that there was only 4 wt% Mn present in our exper-

imental steel, which can reduce cost and is beneficial

to industrial production. Thus, compared to other

medium-Mn steels containing high content of Mn

reported in the literature, our experimental steel had

significantly superior mechanical properties.

Figure 11 Solute content in austenite in the temperature range of

675–800 �C calculated by Thermo-Calc software combined with

TCFE6 database.

Figure 12 Variation of PSE, volume fraction of RA and k value

in A700–A760 steels. k value was calculated by Eq. (3), and a

lower k value corresponds to higher mechanical stability of RA.

12580 J Mater Sci (2018) 53:12570–12582



Conclusions

Microstructure, mechanical properties and austenite

stability in a novel hot-rolled 4% Mn steel processed

by intercritical annealing were studied. The major

conclusions are as follows:

1. Thermal stability of intercritical austenite

decreased with increase in intercritical annealing

temperature, leading to martensite transforma-

tion in 740–760 �C intercritically annealed steels.

RA content first increased when the intercritical

annealing temperature was increased from 700 to

740 �C, followed by a decrease on increasing the

intercritical annealing temperature to 760 �C.

2. The 720 �C intercritically annealed steel exhibited

excellent combination of yield strength of

766 MPa, tensile strength of 951 MPa, total elon-

gation of 48.6% and PSE of 46.22 GPa%, which

were comparable to previously studied medium-

Mn steels with high content of Mn.

3. Mechanical stability of RA was significantly

influenced by intercritical annealing temperature.

Highest PSE obtained in 720 �C intercritically

annealed steel was related to the high volume

fraction of RA (46.6%) with relatively high

mechanical stability. Besides, heterogeneity in

grain size, morphology and Schmid factor of RA

contributed to the inhomogeneous mechanical

stability of RA in 720 �C intercritically annealed

steel.
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