57 g

#% & 8B Vol. 80 (1994) NolO

_J—\
[ ]

SRIF—EERNEXRFT PEREIICRBEMED
o R4S & st RE

i Sl - BRH O RRALT -

AT HebET - DR

Bt ewmgh HaET-Mn 22—

High Temperature Properties and Micro-structure of Low Carbon-Medium Nitrogen Type
316 Weld Metals for Fast Breeder Reactor Structures

Takanori Nakazawa, Nobuhivo Funra, Hidetaka Kimmura, Hajime Komartsu, Kiyoshi Taxanase and Sedichi Kawacucur

Synopsis :

The 316MN steels with improved creep rupture properties were developed for structural materials of fast breeder

reactors. To develop weld materials for the 316MN steels the effects of C, N, Mo, and delta ferrite on creep rupture
properties of weld metals were investigated. Creep rupture strength and rupture ductility were improved by reducing
carbon and increasing nitrogen content. Delta ferrite, which is necessary for preventing hot weld cracking, reduces the
rupture strength but increases rupture ductility. On the basis of these test results, low carbon and medium nitrogen
type 316 and 16-8-2 weld materials were developed. Creep rupture strength of both weld metals is equivalent to that

of base metal.

Rupture ductility is also comparatively high and independent of rupture time.

Some intermetallic

compounds such as Laves and sigma phases, etc., which precipitate in delta ferrite during creep or high temperature
aging, do not affect creep rupture properties, but the sigma phase seriously reduces the Charpy impact toughness. The
loss of toughness of type 16-8-2 weld metal is less than that of type 316 weld metals.
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Table 1. Chemical composition and &-ferrite con-
tent of weld metal.

Chemical composition (mass%) J-

ferrite

C P S Ni Cr Mo N |(vol.%)
1| 0011 0.031 0.0037 12.6 17.6 2.16  0.074 0.7
21 0.009 0.032 0.0038 11.7 18.2 218  0.076 4.3
31 0.009 0.032 0.0037 11.7 19.0 2.18 0.079 7.4
4 1 0.011 0.028 0.0033 11.2 19.4 2.16  0.080 9.9
510016 0.033 0.0035 128 19.2 2.20 0.082 41
6 | 0.027 0.028 0.0037 128 19.2 2.16  0.080 2.9
7 | 0.008 0.030 0.0033 12.8 19.2 2.15  0.087 4.3
8 1 0.009 0.030 0.0035 12.7 19.6 2.14  0.107 4.2
9 | 0.011 0.027 0.0036 11.1 18.2 1.41  0.074 4.0
10| 0.011 0.029 0.0034 13.0 18.4 2.67 0.077 2.7
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Table 2. Chémical composition and §-ferrite con-
tent of weld metal.

" Chemical composition (mass%) -
ferrite
C P S Ni Cr Mo N |(vol.%)
Y316MN| 0.007 0.028 0.003 11.6 19.0 2.22 0.100 6.9
16-8-2 0.007 0.031 0.004 8.8 163 190 0.088 5.9
Y316 0.050 0.023 0.004 125 19.0 222 0.024 8.1
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Fig. 1. Effect of carbon on creep rupture properties
at 600°C.
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Fig. 2. Transmission electron microstructure of
specimens creep ruptured at 600°C.
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Fig. 3. Effect of nitrogen on creep rupture prop-
erties at 600°C.
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Fig. 4. Effe(c:t of Mo on creep rupture properties at
600°C.
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Fig. 5. Transmission electron microstructure of
high Mo specimen creep ruptured at 600°C
for 4062h.
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Fig. 7. Effect of high temperature aging on Charpy
impact absorbed energy.
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Fig. 9. Creep rupture properties of the developed
weld metals.
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Fig. 10. Transmission electron microstructure of
specimens creep ruptured at 550°C.
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Fig. 13. Transmission electron microstructure of specimens aged at 600°C for 5000h.
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