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Quantitative Evaluation of Creep Voids in Mod.9Cr-1Mo Steel
with X - ray Micro-tomography
by

Hideki Tsuruta*, Hiroyuki Toda**, Masataka Yatomi*, Kimiaki Yoshida*,

Akihisa Takeuchi***, Masaaki Tabuchi**** Hiromichi Hongou****

High-chromium ferritic heat resisting steels have been used for structural components at elevated temperature,
because of their excellent creep properties. However, it is well known that the creep strength of welded joints in these
steels decreases with long-term use at high temperature. The creep damage in the welded joints tends to develop
preferably in fine-grained HAZ. This type of damage, referred to as TYPE IV damage, is typically initiated by the
creep voids nucleation at grain boundaries, following the void growth and coalescence. It was conferred that a void
exhibits complex 3D shape characteristic spatial distribution under relatively high stress triaxiality. Among the
observation methods for creep damage, the X-ray CT technique has attracted much attention recently. Especially, the
X-ray CT based on synchrotron radiation offers high resolution, which enables the detection of the voids of
approximately 1um. In the present study, creep rupture and interrupted tests have been conducted using welded joint
specimen. Then, the X-ray micro-tomography at SPring-8 has been conducted to observe creep damage process, the
distribution of void nucleation and 3D shape of creep void in the fine-grained HAZ. It is revealed that Coalesce
behavior due to the interaction between voids occurs in the local region at the latter stage of creep life. The number
density of the voids decrease because the void growth / coalesce occur significantly at the latter stage of creep life. The
volume fraction of voids monotonically increases along with the life time ratio. It is concluded that the parameter of
number density of the voids predict the life time by dangerous side at the latter stage of creep life. On the other hand, it
is possible to predict the creep lifetime at the latter stage of creep life with high accuracy. It is indicated the
effectiveness of the 3D observation approach on the quantitative evaluation of 3D shape, size and spatial distribution of
the TYPE IV damage process.
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Type IV creep damage, Mod.9Cr-1Mo steel, Voids, Stress multi-axitiality, X-ray micro-tomography, Void
number density, Void volume fraction, 3D shape,
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Table 1 Chemical compositions (mass. %)

C Si Mn P S
0.1 0.37 043 0.014 0.002

Cr Ni Mo \'% Nb
8.55 0.04 0.98 0.19 0.08

Table 2 Mechanical properties

0.2% proof  Tensile . Reduction
Elongation
stress strength of'area
MPa MPa %o %
RT 528 687 227 74.8

650°C 194 271 28.7 93.7
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(a) Weld metal (b) Base metal
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(c) Fine-grained HAZ
Fig.1 Optical micrographs of WM (Welded Metal), BM (Base
Metal) and HAZ (Heat Affected Zone)
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Fig.2 Shape of a creep test specimen for welded joints.
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Fig.3 Ruptured welded joint specimen.
(Rupture time #-=2773.5h)
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Fig.4 Schematic of a welded joint showing the location of the

sample extracted for X-ray micro CT observation
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Fig.5 Schematic image of the experimental setup for the

X-ray p-tomography
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=80%
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Fig. 9 The distribution of the local volume fraction of voids
between the fusion line to the base metal in creep life ratio ¢ /
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Fig. 10 3D observation results of creep voids in regions A, B
and C in creep life ratio ¢ / #: was 80%
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Fig.11 The distribution of the volume fraction of voids along

the distance from the upper surface of the welded specimen
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