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Effects of Carbon, Nitrogen, and Phosphorus on Creep Rupture Ductility
of High Purity Ni-Cr Austenitic Steels

Takanori NAKAZAWA, Hideo ABO, Mitsuru TANINO and Hazime KOMATSU

Synopsis :

Creep rupture ductility becomes one of the important properties of austenitic stainless steels as struc-
tural materials for fast breeder reactors. Using high purity nickel-chromium austenitic steels, the effects
of carbon, nitrogen, and phosphorus on creep rupture ductility were investigated. Creep rupture tests
were conducted at 600°C and extensive microstructural works were performed. The results were as fol-
lows.

Rupture strength increases with carbon or nitrogen content. Although the rupture ductility decreases
with carbon, change in ductility with nitrogen is small. The ductility loss with carbon is due to the grain
boundary embrittlement by carbides. With nitrogen, there is no precipitation during creep. Addition of
phosphorus to ultra low carbon and nitrogen steels increases their rupture strength and ductility. Fine
precipitates of (Fe,Cr);P are uniformly dispersed in the grains and coarse (Fe,Cr),P also precipitates on
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the grain boundary during creep.
are observed in the P containing steels.

Grain boundary migration occurs extensively and few wedge type cracks
It is concluded that, from the viewpoint of increasing creep rup-

ture ductility, nitrogen is much more effective than carbon and phosphorus is also beneficial.
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Table 1. Chemical composition (wt%).

[ Si Mn P S Ni Cr N
0.002| 0.02(<0.01 [0.003| 0.0008|14.40|18.00!/0.0014
0.002| 0.01)<0.01 (0.005| 0.005 |14.70|18.04|0.0007
0.022; 0.01|<0.01 [0.003| 0.006 |14.52|18.37|0.0007
0.055 |<0.01 |<0.01 [0.003| 0.0009(14.40|17.98]/0.0015
0.051| 0.01<0.01 {0.004] 0.006 {14.77|17.81|0.0008
0.103{<0.01{<0.002|0.002| 0.0003|14.65|18.32|0.0028
0.150 {<0.01] 0.002{0.003| 0.0004|14.56|18.29|0.0029

<0.002| 0.01}<0.01 [0.004] 0.002 |{14.87|18.23/0.0170
0.003| 0.02{<0.01 }0.003|<0.001 |14.53]|18.25/0.0420
0.003{ 0.02|<0.01 }0.003| 0.0003{14.94|18.49)0.0520
0.004| 0.03| 0.01 [0.002] 0.0013|14.53|18.00/0.1000
0.005| 0.03| 0.021/0.003| 0.0004|14.56]18.37|0.1400
0.007| 0.04] 0.022/0.004] 0.0005|14.68)|18.44|0.1600
0.002| 0.02|<0.01 {0.036] 0.003 |14.71|18.03|0.0008
0.004| 0.02{<0.01 [0.078| 0.002 |14.75{17.88(0.0026
0.012| 0.03|<0.01 [0.15 | 0.003 |14.7 |17.7 [0.0020
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Fig. 1. Effects of C and N content on 1000h

creep rupture properties.
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Fig. 2. Effects of C and N content on creep de-
formation behaviours. :
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Photo. 1. Metallography of longitudinal

sections of creep ruptured specimens
(600°C, 127.5MPa ).

1:0.055%C, r=1 306h
2:0.052%N, tr=2432h

Photo. 2. ECC images of longitudinal

sections of creep ruptured specimens
12 (600°C, 127.5MPa ).
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a) Optical micrographs

i

b)‘& ECC images
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Photo. 3. Transmission electron

micrographs of creep ruptured speci-
mens ( 600°C, 127 .5MPa).
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Photo. 4. ECC images of longitudinal

sections of creep interrupted specimens
f—
at 1 000 h.
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Photo. 5. Metallography of longitudinal

) , sections of creep interrupted specimens
5/t at 200 h.
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Fig. 3. Effect of P content on creep rupture
properties.
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Fig. 4. Effect of P content on creep deformation
behaviour.

1:0.003%P 2:0.036%P
3:0.078%P 4:0.15%P

Photo. 6. Metallography of longitu-
dinal sections of creep ruptured
specimens ( 600°C, 107.9MPa ).
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{ECC image ]

( SE image )

Photo. 7. SE and ECC images of lon-
gitudinal section of a creep ruptured
specimen ( 600°C, 107.9MPa: 0.15%P
steel ).
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Photo. 8. Transmission electron
micrographs of creep interrupted
and ruptured specimens at 600°C.
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Table 2. Analysis of electrolytic extraction
residues (wt%).

Material

20PA Insol. P
(0.078%P) | sol. P

Crept at 600°C for 1000h
0.011% 0.055% (10331h)
0.067% 0.023% (10331h)
0.089% 0.13% ( 8478h)
0.061% 0.02% ( 8478h)

Creep. ruptured*

20PB Insol. P |
(0.150%P) | S0l P

*(): Time to rupture

[
(600C, Creep)

160

140

Hy (100g)

120

100

Fig. 5. Effect of P content on room temperature
hardness during creep.
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