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Effect of S Segregation and BN Precipitation to Creep Cavities on Creep Rupture Properties

Junro KYONO and Norio SHINYA

Synopsis : Segregation of S and precipitation of BN on creep cavity surfaces during creep and their effects on creep rupture properties are reported.

Auger electron spectroscopy of creep cavitated specimens provided direct evidence of impurity segregation to creep cavity surfaces. Residual

S segregated most strongly, and was observed on creep cavity surfaces in crept specimens of a coventional type 304 stainless steel. The seg-

regated S lowers the surface energy of creep cavities, and promotes nucleation of creep cavities. It was thought that the extensive segregation
of S brings on extensive creep cavitation and premature failure with low ductility. In the modified 304 stainless steel added with B, N, Ce and
Ti, the segregation of S and the creep cavitation were greatly inhibited. Addition of Ce and Ti lowered the amount of S available to segregate
to creep cavity surfaces, thereby replacing the segregated S by precipitation of BN. BN is very stable at high temperatures and expected to re-
duce the surface diffusion rate considerably due to precipitating on creep cavity surfaces. It was suggested that this precipitation of BN on
creep cavity surfaces is closely related to the suppression of creep cavitation and high rupture ductility of the modified steel.

Key words : stainless steel; steel for elevated temperature service; precipitation; segregation; creep; ductility; fracture; surface analysis.
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Table 1. Chemical compositions of steels used (mass%).

Steel C | Si|Mn|P S
304 0.082 [0.49 {1.62 {0.021
304BN_ 10.092 |0.53 |1.50 |0.020
304BNTi |0.096 {0.50 |1.52 |0.020
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Table 2. Heat treatments and grain sizes.
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Steel Heat treatment Grain size number
304 1130 C X 30min — W.Q. 5.5 (60um)
304BN 1180 C X 30min — W.Q. 5.0 (70um)
304BNTi | 1180 C X 30min — W.Q. 5.0 (70um)

304

Time to rupture (h)

Fig. 1. Creep rupture properties of 304, 304BN and
304BNTi steels.
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Fig. 2. Optical micrographs showing ruptured zones of specimens crept at 750°C and 63MPa for 333 h;304, 2,660 h; 304BN and
11,900 h; 304BNTi.
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Fig. 3. Typical SEM micrographs of specimens crept at 750°C and 63 MPa.
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304
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Fig. 5. Transmission electron micrographs of specimens crept at 750°C and 63 MPa for 290 h(t/tr=0.87);304, 2,210 h (t/tr=0.83);

304BN and 10,200 h (t/tr=0.86); 304BNTi.
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Fig. 7. Auger spectra from creep cavities at fractured sur-

faces of spesimens crept at 750°C and 63 MPa for
304, 304BN and 304BNTi steels.
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Fig. 8. Auger spectrum from precipitate on fractured sur-
face of creep tested 304BNTi steel.
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