D

#% & $B Vol 83 (1997) No.5

BxF -PEFRBIIHD
OV — TR I R IF T CEECrRITORE

i

SATE - BRE RIL* - ORKT BEREr - MR B2 bR ORZ* - o AT

Effects of Carbon Content and Chromium Segregation on Creep
Rupture Properties of Low Carbon and Medium Nitrogen Type 316 Stainless Steel

Takanori Nakazawa, Nobuhivo Funra, Hidetaka Kmmura, Hajime Komatsu, Hiroyuki Koron and Hitoshi Kacuchi

Synopsis : The creep rupture properties of type 316 stainless steels containing 0.005~0.022%C and 0.07%N have been investigated
at 550°C and 600°C from the aspect of the grain boundary carbide precipitation which was changed with carbon content
and chromium segregation. A small amount of carbide precipitated on grain boundaries during creep, because the
solibility limit of the carbide is less than 0.005%. The creep rupture ductility of this steel increased with the reduction
of carbon content from 0.010% to 0.005% while it decreased with increasing carbon content from 0.010% to 0.020%.
Since the amount of grain boundary carbide decreased with reducing carbon content, the increase in ductility was due
to the suppression of grain boundary embrittlement caused by the carbide. The creep rupture ductility of this steel was
also improved by reducing chromium segregation. This behavior was attributed to the change in carbide morphology
from concentrated type to dispersed one, which reduced the grain boundary embrittlement.
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Table 1. Chemical composition of steels for study-

ing the effects of C-content. (mass%)

C Si Mn P S Ni Cr Mo N
0.005 0.51 0.96 0.030 0.004 12.0 16.7 2.22 0.0759
0.010 0.50 0.95 0.028 0.004 11.9 16.4 2.17 0.0749
0.022 0.50 0.94 0.028 0.004 11.9 16.6 2.21 0.0752

Table 2. Chemical composition of steels for study-
ing the effects of Cr-segregation. (ma55%)

Mn P S Mo N

C Si Ni Cr

Homogenized
M.(MDR)

Reference -
M.(MC, ME) 0.011 0.47 0.83 0.026 0.005 11.0 16.5 2.07 0.0681

0.009 0.47 0.82 0.029 0.003 11.1 16.7 2.06 0.0695
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Fig. 1. Distribution of Cr-content deviating from
the mean value.
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Fig. 2. Effects of carbon content on creep rupture
properties at 550°C.
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Fig. 3. Effects of carbon content on creep rupture
properties at 600°C.
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Fig. 4. Optical microstructures of specimens
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Fig. 5. Extraction replica electron microstructures of specimens ruptured at 550°C.
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Fig. 6. Extraction replica electron microstructures of specimens ruptured at 550°C.
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Fig. 7. Thin foil electron microstructures of specimens ruptured at 550°C.
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Fig. 8. Thin foil electron microstructures of specimens ruptured at 600°C.
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Fig. 9. Effects of Cr-segregation on creep rupture
properties at 550°C.
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a) MDR(tr=13464h, E1=54%)
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