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ABSTRACT Medium manganese steels with the 3% —12% manganese content have outstanding tensile strength and elongation and
low production cost. Thus, they are considered as third-generation advanced high-strength steels for automobiles. The research and
development prospects and application potential of medium manganese steel in automotive parts have attracted wide attention both in
China and overseas. After the medium manganese is deformed by forging or rolling, heat treatments such as quenching, tempering, and
intercritical annealing is performed to obtain metastable austenite and ultra-fine ferrite/martensite microstructures. Metastable austenite
transforms to martensite under flow stress, resulting in transformation-induced plasticity (TRIP) effect, which may be accompanied by
twinning-induced plasticity ( TWIP) ; the steel consequently exhibits good plasticity without sacrificing strength and thus meets the
processing requirement of automobile parts with complex structures. The product of tensile strength and elongation of hot-rolled medium
manganese steel, with chemical composition of Fe=0. 2C-10Mn—4Al, under quenching and tempering can be larger than 70 GPa+% ,
which is higher than the current literature value. This paper summarized the current research status of medium manganese steel in Chi-
na and abroad and analyzed the mechanical properties data of medium manganese steel with different chemical compositions, deforma-
tion process, and heat treatment process in the literature. The influence of the chemical composition, deformation process, and heat
treatment process on the microstructure and mechanical properties was discussed. The influences of special properties of medium man-
ganese steels, such as liiders band and PLC band, on work hardening rate and hydrogen-induced delayed cracking properties were com-
prehensively discussed. Moreover, based on deformation control and prediction via the stacking fault energy of the second-generation
advanced high-strength steel with pure austenite microstructure, the paper presented a deformation prediction model of the austenite

phase in the medium manganese steel. Finally, the paper discussed the problems and prospects of the medium manganese steel.
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Table 1 Processes and mechanical properties of medium Mn steel with different elemental compositions

e A EAE ST SRIBY v/ 5%

e I WEIE/MPa BREE/MPa /% (GPa-%) % SCHR
1 Fe-0. 17C—6. 6Mn-1. 1 Al-0. 05Nb—0. 22Mo-0. 03N CR +1A 1082 1472 26 38.3 39 [3]
2 Fe—0.2C-5Mn F+IA 650 1150 35 40 40 [4]
3 Fe—0.18C-11Mn-3. 8Al CR+IA+Q 727 998 67 66.9 63 [5]
4 Fe=0.2C-11Mn-2Al HR + QT 1400 32 44.8 82 (6]
5 Fe-0.2C-11Mn-4Al HR + QT 890 40 35.6 72 (6]
6 Fe-0.2C-11Mn-6Al HR + QT 520 670 65 43.6 46 (6]
7 Fe=0.2C-12. 4Mn-0. 9Si-5. 2Al CR +1A 543 760 45 34.2 47.3 7]
8 Fe—0.23C-8. 1Mn-5. 3Al CR +1A 561 949 54 51.2 39.5  [7]
9 Fe—11Mn-3. 8Al-0. 18C HR + QT 1201 34.6 41.6 65 [8]
10 Fe—0.2C-5Mn F+WR 1130 1296 29 37.6 34 [9]
11 Fe=0.2C-5Mn F+IA 620 1015 39.3 39.8 36 [10]
12 Fe—10. 1Mn-6. 3A1-0. 26C HR +IA 600 808 43 34.7 43 [11]
13 Fe-0.2C-5Mn F+IA 960 45 43.2 34 [12]
14 Fe-0. 18C—10. 62Mn—4. 06A1-0. 03Nb HR + QT 587 1012 48 48.6 78 [13]
15 Fe-8Mn—0. 4C-3A1-2Si-0. 2V HR +IA 950 1100 46 50. 6 [14]
16 Fe-10Mn-0. 2C HR + QT 700 1100 40 44 34 [15]
17 Fe=0.2C-6Mn-3. 2Al HR + QT 942 35. 4 33.3 33 [16]
18 Fe-0.2C-6Mn-1. 6Al HR + QT 1040 40.8 42.4 58 [16]
19 Fe-0.2C-6Mn-1. 6Al CR +QT 1000 1060 47 49.8 75 [17]
20 Fe=7.9Mn-0. 14Si-0. 05A1-0. 07C WR +IA 910 1600 29 46. 4 37 [18]
21 Fe—0. 1C-5Mn-2Si WR+Q +1A 1150 29 33.4 [19]
22 Fe—0. 18C—-11Mn-3. 8Al CR+Q 650 899 70 62.9 66 [20]
23 Fe-0.16C~6.57Mn~1. 1Al-0. 05Nb-0. 22Mo-0. 03N CR +1A 1138 1224 33 40. 4 30 [21]
24 Fe=0. 18C-6. 4Mn-2. 8Al-0. 1V HR +IA 752 52.7 39.6 33 [22]
25 Fe—0.2C-10. 3Mn-2. 9Al CR+Q 1560 26 40.6 46.7  [23]
26 Fe—0. 20C—4. 99Mn-0. 63Si-3. 03Al HR +IA 922 61 56.2 32 [24]
27 Fe-0.3C-6. 0Mn-1. 5Si-3. 0Al CR +1A 1131 58 65.6 50 [25]
28 Fe—0. 1C-5Mn CR +1A 641 722 47.75 34.5 [26]
29 Fe-0. 1C-5Mn CR +IA 730 830 36.5 30.3 10 [26]
30 Fe=7Mn-0. 14C-0. 23Si CR +1A 782 1012 4.3 42.8 31 [27]
31 Fe—0.2C-10Mn-4Al HR + QT 635.7 889. 6 79.6 70.8 51 %
32 Fe-0.2C-10Mn-2Al HR + QT 449.0 1681.3  22.4 37.7 *
33 Fe-0.2C-6Mn-3A1-0. 58Si HR +1A 650. 2 855 68. 1 58.2 33.3 *
34 Fe—0.2C-10Mn-2Al WH A+ 1101.4  1332.9  33.0 44.0 *

CR+T
35 Fe—0.47C-10Mn-2A1-0. 7V WH A+ 2200 2200 16 35.2 15 [28]
CR+T
36 Fe=9Mn-3Ni-1. 4A1-0. 01C HR +IA 900 33.5 30.2 [29]4
37 Fe—9Mn-0. 05C CR +1A 1060 1193 25 29.8 37 [30]
38 Fe-8. 46Mn-0. 0075C CR +1A 820 84 68.9 [31]14
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Fig.5 Typical SEM microstructures of the medium Mn steels ;
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; (¢) 0.2C-1. 6Al-6. 1Mn medium Mn steel quenched
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Fig.6 Typical process and heating treatments of medium Mn steels (o ferrite ,y: austenite,d: ferrite) : (a) annealing process of lower aluminum

(without 8-Fe) medium Mn steel; (b) quenching + tempering process of higher aluminum (with 8-Fe) hot-rolling medium Mn steel

1200 MPa, ZEME 10% ;600 °C 3B k5 i it IR 388 1o 42k
TR YA AR Y s ), B b 870 MPa, ZE fif
RA41.5% A9 5 5 = 5w B AL RIS AE XURE X
HEAT I SR AT B A Rl B 4120, il T Aok RSE 1k
SN2 A S B v e A B B AR T [
B, S 56 e B0 AN [ 3 32 R K1 v 4 4 7 A28 1 £
R[5k 4 BB, KT 1000 CHR JGR AR Y7 AE
VB (B 7(b) ), X R TWIP 800, 784 = iR
JE 1000 °C 3B K e R FEFE B B Be. 1l BB 2 i
TR KRB R R BRI ATR S R E
PERE 7 RS SR AR AR . 0. 2C-12Mn-5A1 H
R0 3 SIAE 800 °C 11 900 °C iR k|, i it i35 & I AE
900 °C iR B, M ( B [RARAH A 550 0, [R) B ok
RSFR, e B IR AR A5 31 358 A 1 0 F B G
A PLhisR EE > 900 MPa, IEfHR >549% 7.

it I TR) R 1 2R 2 YL B, R K AR 2k R i) ) 41 41
FIEREWA BT A AR R, Luo 0% #F5E T BB
KNSR KB FL TMn TR B TR BE 1 SEE K
() SR/, BB R i (FR E TR C ORI Min i 22 43 4K

1200

@ ——700%C -+ 900C
1000F —=-800°C =-=-1000C

800

600 f'_.~"'""'"'""

TR 7, s/MPa

400

200

0 1 1
THRERAS, e

(b) —700°C -+ 900 °C
£ 5000H -=-800°C =-=-1000°C
_E Stage |
= 4000tY] 11 m N
5
< 3000} §
= 2000 \'\\
£
> 1000

0 1 | 1
0 0.1 0.2 0.3 0.4

Il
0 0.1 0.2 0.3 0.4 0.5 0.6

W ARG, B2 PR b, BT & A2 3% 22 1% TRIP 2%
7, PRI 9 R (50,5 GPa-% ) T 4 B ok
(44.5GPa+% ) ,iXADIG A T RAABLAY Tolk 2k =
MV UF NG, (AR 52 56 2 % 3 1 A )
LA ST 4 B, 1% 2528 R RR B A R AR I 3B, HLUA
i SR A ) v, AR R B I T R K
TE. Hu S5 UPO0R 22 s A i i k798 0. 1C-5Mn
Y 5L R AR AE B B R R R AR AR AT O R B, Y
RFLETN & LA /N B | 75 22 K B ) AR k1S
B R MR R LR T B R B, T 5 %
JE e, AR S80S BE A, PRI 2 A ) A3 kol e A5 3
R RN
4.2 QT(ENXKEINXN)ITZE

XF AL B B L B AR A, Cai AT L
LTRGBS R ) R R G AR TR e,
17 L8 CC AR v £ {57 468 28 3 /0N, hn TR Ak 2R B 1K
Tk + [R5 (AR 6 (b)) 15 2 0UHZH
2SI I i 9 B LG SR ok TR B, Ik

6000

B 7 Fe-10. I1Mn-6.3A1-0. 3C H458] 700 .800 900 F1 1000 °C 3B A 10 min, HIAFHEE 10 =4 s ' X5 19 TFE R A7 1 28 2 (a) FIR; A5 fifi

flof- FUB AR 2 (b))

Fig.7 Engineering stress vs strain (a) and strain hardening rate vs true strain (b) of Fe=10. 1Mn—6. 3A1-0. 26C steel annealed at 700,800,900

and 1000 °C for 10 min at a strain rate of 10 =% ¢! [11]
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Fig.8 Mn, Cr, Si, and C concentration profiles of film-like austenite in Q&P-processed medium Mn steel , the right picture is the magnify of the in-

terface of o’ and <y in the left picture (y and o’ represent retained austenite and martensite, respectively)
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Fig.9 Engineering stress— strain curves of H-uncharged HRA and
CRA specimens and H-charged HRAH and CRAH specimens of Fe-
7Mn-0. 1C-0. 5Si medium Mn steel**
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