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Abstract

The degradation of a boiler header constructed by a material, 1Cr-0.5Mo steel in a fossil power
plant is observed when the header is exposed for a long period to the high temperature and pressure.
The present investigations are for evaluating the effect of the degradation on the material, such as its
strength changes. Reheat-treated metal is used to compare the mechanical properties of the degraded
and that of reheat-treated materials. Through the investigation, following results are obtained; 1) the
area ratio of ferrite in the reheat-treated material is larger than that of the degraded material, 2) the
hardness and tensile strength of the degraded material are lower than that of the reheat-treated material,
3) the ductile-brittle transition temperature(DBTT) increased toward high temperature region, 4) the
fatigue crack growth rate(FCGR) of the degraded material is higher than that of the reheat-treated
material in the region of low 4K value while FCGR of the both materials-are similar in high 4K

region.
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Table 1 Chemical composition of degraded 1Cr-
0.5Mo Steel

Composition, wt. %
C1|Si|Mn| P S Ni | Cr {[Mo|Cu| Al
0.1810.2710.68{0.016{0.014 (0.095 | 0.94 | 0.4410.12 (0.008

<
(\ég - Inner side
¥ | Middle side
Outer side
/g

Fig. 1 Schematic diagram of inside, middle side
and outside for degraded and reheat-treated
material
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Fig. 2 Optical micrographs for degraded and reheat-
treated materials
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Table 2 The ferrite grain size determinated by the
method of linear analysis for degraded
and reheat-treated material

Grain size | Number of | Mean area

Material number grain per | of grain
N) Lmm? ( mm?)
In 6 416 241E-3
Degraded | Middle 6 401 2.49E-3
Out 6 538 1.86E-3
In 7 989 1.01E-3
Reheat ™ dle 7 1332 | 751E4
treated Out 7 1032 9.69E-4

Reheat-treated material

Degraded material

Fig. 3 The ferrite(white area) obtained by the
method of image-processing from optical
micrographs, at the Fig. 2 (c)
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Fig. 4 Area ratios of pearlite and ferrite in the
materials
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Fig. 5 SEM micrographs of carbides in 1Cr-0.5Mo steel
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Fig. 6 The results of hardness test for pearlite and
ferrite
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Table 3 Mechanical properties of degraded and
reheat-treated material

0.2% Yield| Tensile Elongati Reduction

Material strength  |strength '(lsa) 00\ of area
(MPa) | (MPa) ° (%)
Degraded 315 492 32 67
Reheat-treated 422 565 27 40
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Fig. 8 SEM micrographs of impact fracture surface
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Fig. 10 SEM micrographs of the fatigue fracture
surface

Fig. 11 Fractured side face of the specimen for
reheat-treated material
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