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Accelerated Bainite Transformation of Medium Manganese Steel by Austenite
Predeformation and its Influence on Mechanical Properties

WEI Xuanli, HUANG Linke, LIU Feng
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Abstract: The commonly used IA (intercritical annealing) and QP (quenching and partitioning) processes for medium
manganese steel result in microstructures of austenite + martensite and austenite + ferrite. The former presents challenges in
enhancing plasticity, whereas the latter struggles to improve yield strength, leading to a bottleneck in mechanical properties.
To develop a new generation of medium manganese steel, it is essential to introduce new phase structures, among which
bainitic transformation has garnered attention because of its favourable combination of strength and plasticity. However, the
relatively high manganese content in medium manganese steel results in a relatively slow rate of bainitic transformation.
Therefore, a method involving cold rolling of undercooled austenite prior to isothermal treatment was employed to
introduce dislocations and accelerate the occurrence of bainitic transformation. Research findings indicate that after
predeformation treatment, the bainitic microstructure appears 24 h earlier in deformed samples than in undeformed samples,
with the transformation being nearly complete at 60 h, which is 12 h earlier than that in undeformed samples. In this
experiment, dislocations do not hinder bainite growth; rather, the reduction in final bainite content is attributed to the
significant promotion of pearlite nucleation and growth by dislocations. The extensive formation of pearlite consumes the
nucleation sites at the grain boundaries, resulting in a decrease in the final transformation fraction of bainite from 40 vol.%
to 18 vol.%.
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Tab.1 Chemical composition of the medium Mn steel used
in the experiment
(mass fraction/%)

Element C Mn Al \% Fe
Content 0.45 12 2 0.7 Bal.
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Fig.1 Schematic diagram of sample preparation: (a) hot rolling process; (b) austenite cold rolling process
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Tab.2 Volume fraction of different phases in the sample
after holding at 450 °C for different durations

Holding  Volume fraction Volume fraction

Volume fraction of

time/h of bainite/% of pearlite/%  retained austenite/%
24 0 0 98
43 11 4 82
72 32 12 54
96 34 15 49
120 36 18 44
144 39 19 40
168 40 20 38
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Fig.2 SEM images of samples after holding at 450 °C for different durations without deformation: (a) 24 h; (b) 72 h; (¢) 120 h;
(d) 168 h
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Fig.3 Microstructure evolution of samples after holding for different durations without deformation: (a) XRD patterns; (b) evolution of
the volume fraction of phases with temperature
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Fig.4 EBSD maps of the undeformed sample after holding for 96 h: (a) IPF map; (b) phase map; (c) KAM map
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Fig.5 Grain sizes of undeformed samples after holding for different durations: (a) 0 h; (b) 96 h
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Tab.3 Mechanical properties of undeformed samples after
holding for different durations

Holding time/h YS/MPa UTS/MPa TEL/%
24 682 964 11.65
48 779 1283 11.97
72 874 1304 10.17
96 700 1347 16.72
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Fig.7 Microstructures of samples after holding for different durations with 10% cold rolling deformation: (a) 24 h; (b) 48 h; (c) 72 h;
(d) 96 h
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Fig.8 Microstructure evolution of samples after holding for different durations with 10% cold rolling deformation: (a) XRD patterns;
(b) evolution of the volume fraction of phases with time
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Tab.4 Volume fraction of phases in the samples after N 5;%() , X R WA AE DL IR AR AS ih HLAT ek 42 5 1
holding for different duration.s with 10% cold rolling RN P46 A6 5 R 2 7 14 U 1
e _ F 5 02 0 LB S O B 4
Holding Volume fraction Volume fraction VOl}lme Volume fractlon it le] WAy 1}@ SERRE % AR [8] 2 RS 5 MO 404
fraction of  of retained AN, s HA “HHH - HH
time/h of bainite/%%  of martensite/% pearlite/%  austenite/% i, E 9 IR TRESNTE 96 h 5 iR AL B S ) EBSD &
0 0 ! 0 % B, MRl DOULEE R, i 20 /0N B i KL 23 A1 78
2 0 1 0 ” FHBIT B8 FORLIE T BCC M, I FLA R T A i 41
y ) . X ” U KAM (A, 2545 300 SRR E , 7T LA 0 2
w0 . N - O R BT O BROE IR B, SRR th T R 7
o " 5 3 o SRR FE R A B, BT VA 2 0 5 R S
7 12 6 14 64 BrEE A C It LUR g HOE AT K,
84 16 10 18 56 10 JE7R T7E 10%ALHIE T, HE i 2 AR 25
% 18 12 20 30 i Ak PR 8] J5 A R ST o0 A o 1] 102 S 10%5L

K19 10%5L 4 T 2 ad 96 h 48l i [ 5 i # & EBSD 14 : (a) IPF &1 ;(b) #1141 ;(c) KAM [
Fig.9 EBSD maps of the sample after holding for 96 h with 10% cold rolling deformation: (a) IPF map; (b) phase map; (c) KAM map
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Fig.10 Grain sizes of samples held for different durations with 10% cold rolling deformation: (a) 0 h; (b) 96 h
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Tab.5 Mechanical properties of samples after holding for
different durations with 10% cold rolling deformation

Holding time/h YS/MPa UTS/MPa TEL/%
24 709 1058 23.06
48 730 1209 17.55
72 540 1369 15.29
96 499 1371 19.94
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Fig.12 Bainite lath thickness after holding for different durations without deformation: (a) 72 h; (b) 120 h; (c) 168 h; (d) average
bainite lath thickness evolution with time
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Fig.13 Bainite lath thickness after holding for different durations with 10% cold rolling deformation: (a) 24 h; (b) 48 h; (c) 72 h;
(d) 96 h; (e) average bainite lath thickness evolution with time
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Fig.14 Fractions of pearlite at the grain boundaries after
isothermal treatment of samples with different amounts of
deformation
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