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Abstract: To overcome the key challenge that coarse austenite grains restrict the strength and ductility of high-C medium-
Mn steels, the microstructure, mechanical properties, and fracture mechanism of an Fe-1. 4C-8Mn-2Al high-C medium-
Mn austenitic twinning-induced plasticity (TWIP) steel were systematically investigated. The effects of three processing
routes, namely casting plus solution treatment, hot rolling plus solution treatment, and selective laser melting (SLM) addi-
tive manufacturing, on the microstructure and mechanical performance of the experimental steel were comparatively evalu-
ated. The results demonstrated that the as-cast + solution-treated steel, characterized by severe austenite grain coarsening
(approximately 1 mm) , exhibited a yield strength of merely 371 MPa and an elongation of approximately 15%. Further-
more, stress serrations observed during tensile testing indicated premature fracture induced by internal or surface cracks.
Following hot rolling and solution treatment, grain refinement to 370 wm increased the yield strength to 447 MPa and im-
proved the elongation to 20%. Nevertheless, the grains remained relatively coarse. The SLM-processed steel achieved a
yield strength of 687 MPa, attributed to grain refinement strengthening resulting from an ultrahigh cooling rate. However,
the elongation decreased to 14%, with discontinuous regions observed on the fracture surface. The intergranular fracture
observed in the as-cast + solution-treated and hot-rolled + solution-treated steels was closely associated with grain bound-
ary stress concentration arising from coarse grains, as well as incompatible plastic deformation. The insufficient ductility
of the SLM steel resulted from non-uniform grain size distributions, characterized by the coexistence of equiaxed grains
and <100>-oriented columnar grains, as well as manufacturing defects. Future efforts should focus on optimizing SLM pro-
cess parameters to suppress crystallographic preferred orientation and eliminate defects such as unmelted powder particles
or shrinkage porosity. Furthermore, post-heat treatment can also be employed to optimize the compositional homogeneity
and microstructural uniformity, thereby achieving an excellent combination of high strength and superior ductility.
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Table 1 SLM process parameters for Fe—1. 4C-8Mn-2Al steel
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Fig. 1

solution—treated
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Micrographs of austenite grains in Fe—1.4C—-8Mn—-2Al steel: (a) (b) as—cast + solution—treated, (c) (d) hot-rolled +
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Fig. 2 Microstructure analysis of additively manufactured Fe—1. 4C-8Mn—2Al experimental steel: (a) powder morphology, (h) XRD

pattern of powder, (¢) EBSD-IPF map
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Fig. 3 Tensile stress—strain curves of Fe—1. 4C-8Mn-2Al ex-

perimental steel

&2 Fe-1.4C-8Mn-2A1 LIGMA 1 # 1 8E
Table 2 Mechanical properties of Fe—1. 4C—8Mn—-2Al ex-
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Fig. 4 Microstructure of as—cast + solution—treated Fe—1. 4C—~8Mn—-2Al experimental steel : (a) ECCI micrograph, (b) fracture morphol-

ogy, (c) fracture surface morphology of intergranular fracture zone, (d) fracture surface morphology of transgranular fracture zone, (e) ECCI micro-

structure at the intersection of transgranular and intergranular fracture zones (the tensile direction is horizontal )
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KI5 AREL+EE S Fe—1. 4C-8Mn-2A1 SLRHI41 4L : (a) EBSD-IPF ALK, (b) W FE S
Fig. 5 Microstructure of hot-rolled + solution—treated Fe—1. 4C—8Mn—-2Al experimental steel : (a) EBSD-IPF map, (b) fracture mor-

phology
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Fig. 6 Microstructure of additively manufactured Fe—1. 4C—8Mn-2Al experimental steel: (a) EBSD-IPF map, (b) KAM map, (c) dis-

tribution curve of misorientation, (d) fracture morphology, (e) enlarged view of the boxed area in (d)
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