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Abstract: The microstructure and mechanical properties of Fe-Mn-1. 6Ni-C steel plate after direct
quenching and tempering were investigated, where the tested steel was processed by controlled
rolling, direct quenching and 560 ~ 710 C tempering. The results show that the fine lath-
martensite is obtained by direct quenching after rolling and the improved tensile strength of the
experimental steel after direct quenching is mainly from solid solution strengthening. After
tempering, the tensile strength of the steel decreases and the yield strength increases, which is
mainly caused by the carbide precipitation and the pinning effect of the precipitates on the
dislocations. Due to the aggregation and growth of carbides and recovery and recrystallization of
ferrite, the strength decreases and the impact toughness increases with the increasing temperature
of tempering. However, the coarse carbides can be observed in the steel if the temperature of
tempering is higher than A_, which facilitate the nucleation of micro-cracks and decrease the
impact toughness. An optimum tempering temperature of Fe-Mn-1. 6Ni-C steel can be obtained,
which is 680 ‘C, associated with the yield strength of 963 MPa, the tensile strength of 988 MPa,
the elongation of 20. 0% , and the —60 C impact energy of 142 J.
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Table 1 Chemical composition of the experimental steel( mass fraction) %
C Si Mn Ni Cr Mo Nb+V +Ti B
0.13 0.23 1.02 1.56 0.47 0.39 0.05~0.18 0.001 ~0. 002
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Fig. 1 Schematic illustration of TMCP and tempering
process of the experimental steel
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Fig. 2 Microstructure of the experimental steel under
direct quenching after rolling
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Fig. 3 Microstructures of the experimental steel under different tempering temperatures
(a)—560 T; (b)—590 T; (c)—620 T; (d)—650 T; (e)—680 T; (f)—710 C.
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Fig. 4 TEM morphologies of the precipitates of the experimental steel under different tempering temperatures
(a)—560 T; (b)—650 T; (c)—710 T.

1150 3.0
(a)
_losof las
& 950
S 12.0
B gso}
bt —u— [ IR 58 B
750} ——frhmE 1S
—a— FE{fER
650 s ; s 1.0
560 600 640 680 720
5] 2k 38 B/ °C

200
(b)

1501

100}

Wi Thiy

50F

0 1 1 1 1
560 600 640 680 720
I71 K L BE/ °C

5 ENREILIWMAMIEAEF -60 THHIIHHM
Fig. 5 Effect of tempering temperatures on tensile properties and -60 C impact energy of the experimental steel
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Fig. 6 Microscopic morphologies of the impact fracture under different tempering temperatures
(a)—560 T H (b)—590 OC; (C)—620 OC; (d)—650 T H (e)—680 OC; (f)—710 .
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Fig. 7 Micro-cracks underneath the fracture surface under different tempering temperatures
(a)—590 C; (b)—680 C; (c)—710 C.
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