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Abstract : Low alloy steels for nuclear reactor are degraded progressively through microstructural changes due to
high operation temperature and irradiation. Strength properties are the most important factors for the selection of
materials and the determination of degradation degree. Interfacial properties affected by strengthening particles with
the range of nm size and strength distribution in microstructures could not be tested by the conventional mechanical
testing methods. Microindentation and nanoindentation technique have been studied as a alternative of conventional
methods. Specially, nancindentation technique with a pN load range and a nm residual indent size range has been
highlightened as a tool which is very useful to determine those properties. Since each phase composing microstructure
of steels has a characteristic hardness value, it is possible to characterize phase on the basis of that character.
In this study, by using of microindentation and nancindentation technigue can be evaluated microstructural
mechanical properties of low alloy steels manufactured under 7 different kinds of processes. Through the study, we
verified potentialities whether or not indentation technique can be used as a method to determine degree of

degradation.
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Table 1. Chemical compositions of the tested materials
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Chemical composition (wt.%)

Specimen

C Si Mn P S Ni Cr Mo Al Cu \%
VCD-1 0.18 0.08 143 0.008 0.003 0.78 0.04 0.52 0.005 0.06 0.006
VCD-2 0.19 0.07 1.38 0.007 0.003 0.78 0.16 0.54 0.006 0.06 0.007
VCD-3 0.19 0.04 142 0.007 0.002 0.86 0.14 0.51 0.006 0.035 0.003
VCD+Al 0.18 0.10 1.46 0.006 0.003 0.86 0.15 051 0.0018 0.03 0.004
Si-killing+ Al 0.21 0.24 1.36 0.007 0.002 092 021 0.49 0.022 0.03 0.005
JFL 0.17 0.25 1.44 0.004 0.002 0.75 0.20 0.51 0.016 0.01 0.004
JRQ 0.18 0.24 1.42 0.017 0.004 0.84 0.12 0.51 0.014 0.14 0.002
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Fig. 1. Optical micrographs of the 7 specimens (a) VCD-1, (b) VCD-2, (c) VCD-3, (d) VCD+Al, (e) Si-killing, (f) JFL and (g) JRQ.
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Fig. 2. Optical micrographs of banding structure.

Table 2. Grain sizes for the 7 specimens
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Fig. 4. Hardness vs. grain size of 3 specimens manufactured by
VCD methods.
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VCD
Specimen 1 5 ; VCD+Al  Sikiling  JFL JRQ
Hardness (HV, 10N) 1849 1798 1762 186.7 194.4 013 2021
 Basic sturcture 1878 1854  178. 187.3 196.5 2036 198.6
Hardness(HY, 0.25, 0.5 N) | g1 ging structure 2187 20176 2114 218.6 230.1 254 270




P

e

- A EEE A A419 A25 (2003F 29) 101

Fig. 6. AFM images of the nanoindentation for ferrite: (a) top view and'(b) 3D view.
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Fig. 7. Indentation load-depth curves for ferrite and cementite.
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Fig. 8. AFM images of ferrite phase and cementite phase: (a) 2-D image and (b) 3-D) image.
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Fig. 9. Comparison ultimate tensile strengths between from
indentation and from tensile test.
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A&tT &S & 4 Utk WA shel Alge2RE F3E
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Specimen " - 3 VCD+Al  Sikilling JFL JRQ
ra 3
. Thickness(jum) 170 170 150 170 190 200 170
Banding Structure Spacing(mm) 1.00 1.00 1.10 070 0.65 1.50 0.70
Lath Thickness(jm) 145 1.76 1.69 - 1.73 1.22 051
Spacing(um) 3.88 496 6.45 - 4.34 6.08 2.03
Table 5. Hardness obtained by direct test and indirect derivation
vCD .
Specimen ] > ; VCD+Al  Sikilling JFL JRQ
Hardness MicroVickers(2 kgf) 184.9 179.8 176.2 185.7 194.4 2013 199.1
(HV) Derivation(50 gf) 19228  190.10  182.10 192.82 20330 20617  204.14
Tensile Strength(MPa) (from tensile test) 597 556 545 560 602 613 630
Tensile Strength(MPa) , . ‘

(derived from indentation based on ASTM) 615 603 390 616 635 652 646
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