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Relationship between Creep Rupture Properties and Microstructures of Type 3 16
Stainless Steels with Different Carbon and Nitrogen Contents

Takanori NakazawA, Hidetaka KIMURA, Hajime KOMATSU, and Hiroyuki Koto

Synopsis

haviour of fast reactor structural materials. For this purpose. the mi

: It is quite important to understand the relationship between creep rupture properties and microstructures for estimating of long term creep be-

crostructural changes of a newly developed low carbon medium nitrogen

Type 316(316FR) stainless steel has been investigated comparing with medium carbon low nitrogen Type 316(SUS316) steel. Creep rupture

tests were conducted at 550°C and 600°C up to 40000 h. The microstructures of specimens ruptured and also those aged were observed with

electron microscope. and solute concentrations were assessed by analyzing extract residues of aged specimens. 316FR has higher rupture

strength and ductility than those of SUS316 for long time cree

p. Laves phase precipitates mainly on the grain boundaries at 550 and 600°C

and also in matrix after 10000 h creep at 600°C for 316FR. The Laves phase on the grain boundaries and in matrix does not decrease rupture

ductility but that in matrix may result in loss of rupture strength due to solute molybdenum depletion. Solid solution hardening by nitrogen is

effective for a long period of time, because of extremely small amount of nitrides. On the other hand, large amount of carbides precipitate on

the grain boundaries and in matrix in SUS316. They cause loss of the rupture strength due to the decreasing in solute carbon content. Precipi-

tation of carbides on the grain boundaries results in the decrease in ductility because of the grain boundary embrittlement.
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Table 1. Chemical composition of steels. (mass%)

C Si Mn P S Ni Cr Mo N
316FR-1 0.011 0.47 0.83 0.026 0.005 11.0 16.5 2.07 0.068
316FR-2 0.009 0.47 0.82 0.029 0.003 11.1 16.7 2.06 0.070
SUS316-1 0.054 0.47 0.85 0.029 0.002 11.9 17.0 2.16 0.028
SUS316-2 0.062 0.46 0.82 0.027 0.005 11.8 16.9 2.17 0.023
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Fig. 1. Creep rupture properties of 316FR and SUS316
steels at 550°C and 600°C.
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a) 316FR: tr=9293 h, b) 316FR: tr=17346 h, ¢) SUS316: tr=2228 h, d) SUS316: tr=12732h.

Fig. 2. Extraction replica electron micrographs of creep ruptured specimens at 550°C.

a) 316FR: tr=17237h, b) SUS316: tr=12732h

Fig. 3. Thin foil electron micrographs of creep ruptured specimens at 550°C.
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a) 316FR: tr=291 h, b) SUS316: tr=325h

Fig. 4. Extraction replica electron micrographs of creep ruptured specimens at 600°C.
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a) 316FR: 550°C, b) 316FR: 600°C, ¢) 316FR: 650°C, d) SUS316: 550°C, e) SUS316: 600°C, f) SUS316: 650°C

Fig. 6. Thin foil electron micrographs of specimens aged for 10000 h.
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Table 2. Precipitates of aged specimens.

316FR-1 SUS316-1

Temp time

©) (h) Laves M=zCs G* taves  M=Cs G**

550 3000 GB GB GB - GB+M
10000 GB GB GB GB GB+M
600 1000 GB GB GB — GB+M GB
3000 GB GB GB - GB+M GB
10000 GB+M GB GB GB GB+M GB
650 1000 GB GB GB - GB+M GB
10000 GB+M GB GB GB+M GB+M GB

* Precipitation Site--- GB: Grain Boundary, M: Matrix
**G: Intermetallic Compound G-Phase
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Fig. 7. Effect of aging on chemical composition of extrac-
tion residues.
(LMP: Larson Miller Parameter, C=20)
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Fig. 8. Effect of aging on chemical composition of extrac-
tion residues.
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Fig. 9. Effect of aging on ultimate tensile strength and rup-
ture elongation.
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Fig. 10. Relationship between ultimate tensile strength and
solute contents.
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