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Fabrication of Ultrafine Grained Structure Materials by
Equal Channel Angular Pressing

W. G. Kim, Y. J. Ahn, D. H. Shin,

K.-T. Park, Y. G. Ko, J. S. Lee

Abstract
Microstructures and tensile properties of low carbon steels, 5083 Al alloy and Ti-6Al-4V alloy fabricated by equal
channel angular pressing (ECAP) were examined in order to understand their deformation response associated with a

formation of an ultrafine grained (UFG) structure. Room temperature tensile properties of UFG low carbon ferrite/pearlite

steels and UFG ferrite/martensite dual phase steel were compared for exploring a feasibility enhancing the strain

hardening capability of UFG materials. In addition, low temperature and high strain rate superplasticity of the two grades
of the UFG 5083 Al alloy, and Ti-6Al-4V alloy were presented. From the analysis of a series of experiments, it was found

that UFG materials exhibited the enhanced mechanical properties compared to coarse grained counterparts.
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Table 1 ECAP condition used in the present study

materials ECAP condition

Low carbon steel 350 ~ 500°C, route C

Al alloy 25 ~200°C, route Bc

CPTi 200~ 6007, route C

Ti-6Al-4V 6007, route C
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Fig. 1 Optical micrographs of as-received (a) low
carbon steel, (b) 5083 Al alloy, (¢) CP-Ti, and TEM
micrographs of ECAPed (a) low carbon steel, (b)
5083 Al alloy, (¢) CP-Ti
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Fig. 2 Nominal stress-strain curves for ECAPed steels
and 5083 Al alloy
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Fig.3 Microstructures of thepr‘esent dual hse
steels: (a) UFG-DP steel (SEM), (b) UFG-DP steel
(TEM), (¢) CG-DP steel (optical)
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Fig. 4 (a) The stress-strain curves of the present dual
phase steels, (b)A plot of the In (ds/de) versus In s
for the modified C-J analysis based on the Swift
equation: the slope of line segment is equivalent to
(1-m)
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Fig. 5 (a) Low temperature superplasticity in the
ultrafine grained commercial 5083 Al alloy (b) High
strain rate superplasticity in the ultrafine grained
commercial 5083 Al+Sc alloy '

Fig. 6 Microstructures and surfaces after a single ECA
pressing: (2, ¢) equiaxed and (b, d) Widmanstitten
microstructure. The pressing direction is from left to
right. Mark 'A' shows lamellae kinking and bending in
the Widmanstéitten microstructure
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