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Analysis of Micro—Mechanical Properties and Microstructure of

Low-alloy Steel Using Nanoindentation Technique
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Abstract

Materials for nuclear reactor degrades continuously through microstructural changes
by high operation temperature and irradiation. Strength properties is the most
important factor for the selection of materials and the determination of degradation
degree. Adhesion properties affected by strengthening particles with the range of nm
size, strength distribution in microstructures couldn’t have been easily tested by the
conventional mechanical testing methods. Nanoindentation technique with the gN
load range and the nm residual indent size range is very useful to determine those
properties. Indentation was done with AFM for indenter positioning. Hardness values
could be obtained from the analysis of indentation load-depth curves and AFM
images of each phases were used for characterization of phases. Finally, overall
strength of multiphase materials was predicted by evaluating the micro phase
constituent properties. The volume fractions of each phase were evaluated through
analyzing the shape and size of each phases on AFM image. Rule-of-mixture method
was applied to the prediction of overall strength. Finally, the influence of grain
boundary for strength properties was analyzed from several experiments.

AN 3G90 BAS 7AA @At dAAoY ¢ AL JAE A8
AHAY 9FH 2 859 95 S vgE
zZk= EAS Hol7l stAw AubA o g ZhZbo] Abo] wrEta HAT 7)1 A A

< Ugd Zolg. SRt gt Aue A9 7 AEol Ze= VA Aol v
AA ] overalldh BEAL AZANIS S3lA & 5 AAW zF o] 7t E

QukA ¢l WrAlo = oF 71 g Aot} olgg 3 o] {f&E A

H7ket 1o s JRe gz AFs APH Ytz Ao mEbA gy

¢tet A7t A X UL

i

I
ox

lm_l
g:)

r |

~ -
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Fig. 1. The difference between the shapes

of the residual indentation on the each phase.
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Fig. 2. The difference between the shape of

indentation curves.
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Fig. 4. Diagrams of the hardness vs. (a) the Maximum indentation load
and (b) the loading late.
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Fig. 5. Hardness distributions by

micro Vickers indentation and nanoindentation.
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Fig. 6. Indentation load—-depth curve of various phases.
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