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Abstract

Since Cr-Mo steels are used extensively for steam pipes of power plants, the material degrada-
tion such as temper embrittlement occurs during service in practical engineering fields. Material
degradation is usually detected by an upward shift of the ductile-brittle transition temperature in
a notched bar test such as the Charpy V-notch impact test. Since it is not possible to take large
size specimens from an operating plant to evaluate the material degradation, nondestructive or
semi-nondestructive techniques involving removal of small size are needed. It was suggested that
the small punch test with miniature specimen was originally developed to study irradiation
damage effect of nuclear reactor also had an applicability to material degradation detecting
technology. It was shown that the SP test would be a useful tool to assess the material degrada-
tion in power plants. )
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Table 1 Chemical composition.{wt %)

Material Symbol C Si Mn P S Cr Mo
11/4Cr-1/2Mo 1PK1 0.15 0.70 0.55 0.030 0.030 1.25 0.45
2PK1 0.15 0.55 0.45 0.028 0.030 .2.30 1.07

2PK2 0.15 0.50 0.55 0.032 0.032 2.10 0.98

21/4Cr-1Mo 2PK3 0.14 0.45 0.50 0.027 0.025 2.15 1.01
2PK4 0.15 0.49 0.48 0.028 0.020 2.18 1.03
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Table 2 Mechanical propertities. (R.T)

Symbol! Tensile strength(MPa) | Yield strength(MPa)
1PK1 588 294
2PK1 420 205
2PK2 430 220
2PK3 424 212
2PK4 422 209

Table 3 Serviced condition.

Symbol Service year[Y;| Temperature[T]| Location of
specimen
1PK1 14 510 Secondary S/H
2PK2 5 566 Pendent S/H
2PK2 6.6 566 Secondary S/H
2PK3 3.3 338 Secondary S/ H
2PK4 5.6 538 Secondary S/H
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Fig. 1 Extraction procedure of specimen
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Fig. 3 Schematic illustration of the deformation
characteristics and fracture behavior in load
versus deflection curves obtained from SP
tests
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2PK1(566°C 44383 hr)
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Fig. 4 Load versus deflection curves obtained from
SP tests for 2PK1 at various test temperatures
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Fig. 5 Transition behavior of SP energy and fracture appearance as a function of test temperatures for 2PK1
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Talbe 4 Results of CVN and SP test
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1PK1 10 —58 68 —149 -164 15
2PK1 —20 -50 30 —158 —164 6
2PK2 —10 —50 40 —-154 —-162 8
2PK3 —28 -53 25 —155 —160 5
2PK4 —50 —84 34 —1535 —162 7
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Fig. 9 Extraction of SP specimens from 2PK1
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Fig. 12 Variation of SP energy according to the thick-
ness ratio of the extracted specimen at
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