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Microstructural Changes by Annealing and Mechanical Properties of
Ultra Fine-Grained Low Carbon Steels Processed by ECAP

by
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Microstructures and mechanical properties of ultra fine-grained low carbon steels fabricated by equal channel
angular pressing (ECAP) were investigated. Several specimens statically annealed for 5 hours at temperatures of
773-873K were studied simultaneously. Electron back-scattering diffraction (EBSD) measurements were carried out
for microstructure observation. Differential scanning calorimeter (DSC) curves were obtained for studying the ther-
mal stability of specimens. The initial grain size of ~10um in the ferrite-pearlite steel was refined to ~0.2um by 4
passes of ECAP. The tensile strength of the as-ECAPed specimen was around 2 times higher than that of the initial
normalized specimen, although the ductility decreased by half after the process. At annealing temperature of 773-
823K, tensile strength and yield stress decreased as the average grain size of each specimen increased. However the
grain growth by annealing was not significant. At annealing temperature of 873K, the nonuniform grain growth
occurred suddenly, and as a result the tensile strength decreased. On the Hall-Petch relation diagram, the gradient
of the diagram over the average grain size of 1lum was slightly different from that of under 1um. In addition, the non-
uniform radical grain growth at the temperature of 873K was in accord with the appearance of the exothermic peak
in the DSC curves. The accumulation of the local strain in the 823K-annealed specimen was investigated by the ker-
nel average misorientation (KAM) approach using EBSD, and it is suggested that accumulation of the local strain in
the 823K-annealed specimen is one of the causes of the nonuniform radical grain growth at the temperature of 873K.
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Fig.1 Schematic drawing of ECAP fabrication.
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Fig. 2 Shape of tensile specimen.
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Table 1 Mechanical properties and average grain size.

Specimen Yield stress, MPa | Tensile strength, MPa | Total elongation, % | Hardness Hv, GPa | Grain size, pm
Normalized 369 505 36 1.9 10
As-ECAPed 965 972 15 33 0.15
773K-annealed 917 921 16 3.1 0.21
823K-annealed 790 863 16 2.9 0.33
873K-annealed 559 632 21 1.6 2.6
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Fig.3 Stress-Strain Curve by tensile test.
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Fig.4 Grain boundary maps of specimen.
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Fig. 6 Thermal reaction of as-ECAPed specimen by DSC.
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Fig. 7 Relation between average grain size and yield stress.
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Fig. 8 Histograms of misorientation angle on grain boundary.
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Fig. 9 SEM micrographs of assECAPed and normalized specimen.
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