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Effects of Grain Boundary Precipitates on Long-Term Creep Rupture Properties of SUS347H Steel

Hideo Tanaxa, Masaharu Murata, Fujio Avsand Koichi Y act

Synopsis : Heat-to-heat variation in long-term creep rupture strength and ductility for a SUS347H austenitic stainless steel has
been investigated on the basis of microstructure observations. The long-term creep rupture tests up to about 10%h were
carried out at 600, 650, 700 and 750°C. The microstructural changes during creep were observed for three different
heats of the steel after interrupting creep tests at various testing times. M,:Cs and NbC carbides precipitate during
the creep tests. The major controlling factor for the creep rupture strength and the ductility was found to be the
formation and the propagation of grain boundary cracks, resulting from grain boundary sliding. The size distribution
of M23C, particles precipitated along grain boundaries strongly depends on the content of boron in the heats with 4 to
27 ppm boron. There is an optimum boron content of 12 ppm to minimize the propagation of grain boundary cracks.
It is concluded that the heat-to-heat variation is caused by the difference in the boron content which affects the size
distribution of M,;Cs precipitates and hence the formation and the propagation of grain boundary cracks.

Key words : SUS347H steel ; long-term creep rupture properties ; grain boundary cracks ; grain boundary slding ; grain boundary

precipitates ; boron content.
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Table 1. Chemical composition in mass percent,
solution treatment conditions and grain
sizes of three different heats.

Heat | C Si Mn P S N1 Cr Mo
A 0.05 [0.77 | 1.74[0.025 } 0.007 | 12.55 | 17.89 0.1
B 0.07 10.60 |1.71]0.020{0.005}12.00 | 17.85 | 0.04
c 0.053|0.63 | 1.81]0.027 1 0.011]12.24 | 17.56 | 0.15
. Cu v Co |Ti Al B N Nb+Ta
A 0.09 |0.033}0.37 }0.020 {0.004 | 0.0004 | 0.016 | 0.77
B 0.05 [0.0310.29 {0.019 | 0.019 { 0.0012 | 0.0284 | 0.74
0.14 ]0.041}0.30 }0.019 |0.008 | 0.0027 | 0.0222 | 0.87
Heat A B c
Solution treatment. 1%8312 Unknown 1;8%#
Grain size number 3.1 5.4 5.2

20 .m
Interference fringes

Scratch line
Fig. 1. Displacement of interference fringes and

scratch lines caused by grain boundary slid-
ing.
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Fig. 2. Relations between (a)stress and time to

rupture and (b)elongation and time to
rupture at 700°C of three different heats.
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Table 2. Grain sizes of heats A to C obtained by re-solu-
tion treatment.

Heat | Re-solution treat- | Grain size
ment conditions number
A 3.5
B 1200°C, 20min 4.5
C 4.0
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Fig. 3. Creep curves at 700°C, 137MPa. Solid and
dotted crosses lndlcate rupture points of the
as-received and re-solution treated speci-
mens of three different heats.
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Fig. 11. Mapping images and line analyses of boron
by SIMS for three different heats.
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