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Hierarchical Characterization by EBSD and Neutron Diffraction on Heterogeneous
Deformation Behavior of a Martensitic Steel

Satoshi MOROOKA, Yo TOMOTA, Yoshitaka ADACHI, Shigekazu MoRriTO and Takashi KAMIYAMA

Synopsis : A novel combined technique of neutron diffraction and electron back scattering diffraction was applied to examine hierarchical deformation

behavior of 18 mass% Ni martensitic steel. /n-sifu neutron diffraction experiment during tensile deformation demonstrated that intergranular

stress was generated. EBSD analysis suggested that slip bands terminated not only at block boundaries, but also sub-block boundaries at a

relatively small strain. In many cases, slip bands crossing sub-block boundaries were zigzagged. With increasing strain, sub-block became

unclear and then block boundaries worked as a main barrier for dislocation gliding. Such kind of heterogeneous plastic flow in differently ori-

ented Akl blocks seems to be a possible reason for the intergranular stresses.
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Table 1. Chemical composition of martensitic and ferritic
steel used (mass%).

C Si Mn r S Ti Ni Nb
Martensitic steel 0.003 <0.001 <0.001 <0.001 <0.001 17.96 0.002
Ferritic steel 0.0018 0.01 0.17 0.0013 0.006 0.03 0.0026
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Fig. 1. EBSD images of the martensitic
steel; (a) IQ (image quality), (b)
IPF (inverse pole figure) and (c)
grain boundary map.

800

600 Martensitic steel

400

Ferritic steel

2%///,,—— —~
Fig. 2. Nominal stress—strain curves obtained at RT for the martensitic steel
i

1 L : and the TF (ferritic) steel.
0 10 20 30 40

Nominal strain (%)

Nominal stress (MPa)

= Sub-block boundary |
== Block boundary

Fig. 3. Slip lines appeared by tensile deforma-
tion: (a) strain £€=0% for the martensitic
steel, (b) 6%. Slip lines are observed to
be stopped at sub-block boundaries in (A)
and (B) while stopped at block bound-
aries in (C).
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Fig. 4. Change in IPF image and
intensity map of the
martensitic steel by tensile
deformation: (a) before
deformation, (b) after de-
formation (tensile strain:
6%) and (c) after deforma-
tion (14%).

. Change in IPF images and intensity
map of the ferritic steel by tensile de-
formation; (a) before deformation,
(b) after deformation (tensile strain:
8%) and (c) after deformation (17%).
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Fig. 6. Changes in KAM value
with tensile deformation;
(a) strain £€=0% for the
martensitic steel, (b) 6%
and (c) 14%, (d) strain
£=0% for the ferritic
steel, (e) 8% and (f) 17%.
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Fig. 7. Diffraction profiles obtained during tensile test in the martensitic steel (a), (¢) and the ferritic steel (b), (d). The detailed
changes in the (110) diffraction with loading and unloading are shown in (¢) and (d).
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Fig. 8. (110), (200) and (211) lattice strains as a function of the applied stress in the axial direction: (a) the martensitic steel and

(b) the ferritic steel.

Table 2. Residual lattice strains measured by neutron dif-
fraction.

110 200 211

Martensitic steel

Plastic strain 1.5% -2.6BE-04 2.05E-04 -1.82E-04
Ferritic steel

Plastic strain 5.0% -2.11E-04 1.61E-04 -1.62E-04
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Fig. 9. Integrated (110) diffraction intensity as a function
of tensile plastic strain for the martensitic and the
ferritic steels.
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Fig. 10. Changes in FWHM with tensile deformation in the axial direction: (a) the martensitic steel and (b) the ferritic steel.
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Fig. 12. Change in dislocation density for the martensitic steel; (a) tensile deformation and (b) cold-rolling.
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