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Microstructure and Grain Size Dependence of Creep and Creep-fatigue Properties
of Low Carbon Medium Nitrogen Type 316 Steel

Takanori Nakazawa , Hajime Komatsu, Yukio Takanasurand Shingo Date

Synopsis : The effect of grain size on the creep and creep-fatigue behavior of low carbon medium nitrogen type 316(316FR) steel
has been investigated at 550°C, compared with conventional type 316(SUS316) steel. The microstructure of ruptured
specimens has been examined with electron microscope. The creep rupture strength of both steels decreased with
increasing grain size. The rupture strength of 316FR was higher than that of SUS316 at any grain size. The rupture
ductility of 316FR. where very small Laves precipitated on the grain boundary during creep, slightly decreased with
increasing grain size, while that of SUS316, where carbide precipitated on the grain boundary, did not change with grain
size. The rupture elongation of 316FR at largest grain size, however, was much higher than that of SUS316. This
difference in rupture ductility 1s attributed to the grain boundary carbide developed during creep. The creep-fatigue
life of both steels decreased with increasing grain size. Because 316FR showed longer life and smaller dependence on
grain size than SUS316, 316FR had much longer life than SUS316 at large grain size. The fracture mode of 316FR
changed from transgranular to intergranular with increasing grain size, while that of SUS316 was intergranular at any
grain size. Although 316FR showed intergranular fracture at very large grain size, it had much longer life than SUS316.
This means that the crack propagation along grain boundary of 316FR is more difficult than SUS316. Such difference
in crack propagation behavior may be depends on the grain boundary precipitation, that is, Laves or carbide.
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Table 1. Chemical compositions.

C Si Mn P Ni Cr Mo Al N
316FR 0008 054 084 0026 111 169 210 0.020 0.076
SUS316 0045 054 085 0018 121 167 219 0.023 0.040

Table 2. Heat treatment and grain size.

Heat treatment Grain size (x& m)

(316FR)  (SUS316)
1050 °C 30 min WQ 38 46
1150°C th WQ + 1050°C ThWQ 194 -
1250°C th WQ + 1050°C thWQ 391 284
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Fig. 2. Effects of grain size and stress on initial
elongation at 550°C.
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Fig. 1. Effect of grain size on creep rupture properties at 550°C.
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Fig. 6. Effect of grain size on creep fatigue prop-
erties at 550°C.

Table 3. Ratio of grain boundary fracture.

316FR SUS316
GrS.(um) 38 194 391 46 284
tw =3h 11 43 91 36 89
tx =10h 16 55 81 58 94

(t 1 :Holding time)
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Fig. 7. Relationship between number of cycles to
failure and grain boundary fracture.
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Fig. 8. Scanning electron micrographs of creep
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Fig.11. Effect of grain size on grain boundary car-
bide and grain boundary fracture.
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