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Effect of Thermal Aging on Degradation of Pressure Vessel Steel

by Yoshio KITSUNAT* and Takashi HONDA*

Abstract; In Japan, a number of plants which are composed of reactors, heat exchangers, pressure
vessels and pipe lines had been constructed in chemistry and metallurgy industries during a
decade of the 1960°. The plants have recently been operated more severely than 10 years ago to
reduce the production price as much as possible. As a result, some plants have already reached
their design life. During the operation, they have been exposed to elevated temperatures for
long periods of time. Such exposure can alter the microstructure and bring changes in the
material properties. Under such circumstances, failure or explosin of plants has happened due
to degradation of the materials used for the plants. Understanding of the degree of materials
degradation is of primary importance for quantitative evaluation and prediction of the residual
life of plants. The aim of this study is to assess the influence of thermal aging on the degradation
of plant materials.

A pressure vessel steel of a A533 Gr.B CL.1 steel was selected for the research object and was

manufactured to a 150 mm thick test plate to investigate factors and mechanisms of potential
degradation. The chemical compositions of the base metal and weld wire were adjusted, referring
to those of pressrue vessels of Japanese older commercial plants constructed before 1970. A step-
cooling heat treatment was used to accelerate the degradation of the test plate. In this study,
the degrees of material degradation were examined in room air by V-notch Charpy impact test,
fracture toughness and fatigue crack growth behavior for the base metal and welded joint of
A533B steel. The slow strain rate test (SSRT) in 288°C pure water was also carried out in the
range of stain rate between 1 x 10™% and 5 x 1072 mm/min. The cases of the degradation were
examined by a scanning electron microscope and an Auger electron spectroscopy.
- Based on the experimental results, it is concluded that the step-cooling heat treatment has
little influence on the tensile strength, the fracture toughness, and the fatigue crack growth
behavior of A533B steel. The transition temperature of the Charpy impact test for the base
metal and welded joint rises approximately 30°C. The rise of transition temperature is explained
by the grain boundary segregation of phosphor or migration of carbon at around discontinuities.
The strain rate dependence of the strength in SSRT test shows a minimum at a strain rate of
1072 mm /min, regardless of material and aging condition. '
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J = {(Si+Mn) x (P+Sn) x 10*} (1)
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Chemical composition of material used (wt.%).

#HEMOEERS (Wt.%)

C Si Mn P S Ni Cr

Mo Cu A\ Al Sn As Sb

0.19 0.27

1.45 0.020 0.012 060 0.14 051 0.16 0.01

0.024 0.011 0.014 0.0085

Table 2

Chemical composition of weld metal (wt.%).

BESROEZES (Wwt.%)

C Si Mn P S Cu Ni

Mo Ti \4 Al Sn As Sb

0.07r 0.26 1.33 0.014 0.011 0.12 0.87

0.54 0.021 0.002 0.011 0.005 0.002 0.009
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Table 3 Tensile test result of base metal and weld
metal.

Bt S L URESROSIRY RBRER

Material Heat
treatment

Yield Tensile Elong-Reduc.
stress strength ation area
MPa MPa % %

Base metal As-PWHT 562 637 23.8 66.2
Base metal Step cooled 542 670 23.9 67.6
Weld metal As-PWHT 482 586 22.1 720
Weld metal Step cooled 476 592 22.7 728
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Fig. 1 Relationship between SZW and J for base
metal.
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Photo. 1 Fractograph showing stretched zone of

base metal subjected to step cooled.
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Fig. 3 Relationship between Charpy absorbed energy

and temperature for weld metal.
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Fig. 4 Comparison of Charpy absorbed energy be-

tween base metal and weld metal.
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Table 4 Charpy transition temperatures of base metal and weld metal.
B ELUBELRN Y vV E—BBRE
Material Heat TT41 J ATT41 J TTE TTE TTFA ATTFA TTLE ATTLE
treatment °C °C °C °C °C °C °C °C
Base metal As-PWHT — 40 — - 17 — -9 — —24 —
Base metal Step-cooled -9 + 31 +21 +38 +8 +17 +25 + 49
Base metal Preload — 23 +17 -7 + 10 - 11 -2 —14 + 10
Base metal Preload + — 10 + 30 +12 + 29 0 +9 0 + 24
step cooled :
Weld metal As-PWHT - 59 — —-31 — — 36 — — 30 —
Weld metal Step cooled — 28 + 32 +8 + 39 +5 + 41 —13 + 17
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Table 5 Regression constants for the fatigue crack
growth law of da/dN = C(AK)™ and
AKip.
EH &EFUREA da/dN = C(AK)™ ORE
REBE AKyy,

Material  Heat R c m  AKth
treat. MPa+/m

Base metal AssPWHT 0.05 1.77E—12 3.18 —
Base metal Step cooled 0.05 6.87E—12 2.83 4.67
Base metal AssPWHT 0.2 3.49E-12 2.31 4.04
Base metal Step cooled 0.2 3.10E—12 2.35 4.13
Base metal AssPWHT 0.4 3.44E—-122.32 2.94
Base metal Step cooled 0.4 2.89E—12 2.38 3.00
Base metal Step cooled 0.8 6.99E—12 2.99 2.80
Weld metal As-PWHT 0.05 5.09E—12 2.96 —
Weld metal Step cooled 0.05 5.54E—12 2.99 5.25
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Photo. 2 Fractograph showing quasi-cleavage of
step cooled base metal. Arrow indicates
location of Auger analysis.
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Photo. 3 Fracture surface of SSRT of base metal.
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