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Improvement of High Temperature Strength of Austenitic
Stainless Steel by Additions of Silicon and Nitrogen

Takanori NAKAZAWA, Tatsupa SUNAMI, and Hideo ABO

Synopsis:

The effect of additions of Si, N and C on the creep rupture strength of Ni-Cr austenitic steel was
studied, and the effect of heat treatment on the creep strength of 29Si-139,Ni-249,Cr-0.259,N steel

was also studied.

The creep rupture strength at 1000°C depends on Si/N and the maximum value is obtained at Si/
N=10. Strengthening by additions of Si and N may be attributed mainly to the retardation of the
Cr-nitride precipitation by addition of Si. Rupture elongation increases with Si content. Creep
‘rupture strength at 1000°C increases with G content up to 0.109, above which the strength decreases

at longer time.

Based on these data, 0.195C-29Si-139,Ni-249,Cr-0.259%,N austenitic steel is designed for radiant
tube use. In this steel further improvement of the strength is obtained by high temperature (I 200~
1250°C) solution treatment. In this condition, the creep rupture strength of this steel is included in
the data band of HK40 surveyed by Nishino. The creep rupture strength at 1000°C decreases with
ageing or cold working. Welded tube of this steel is put to the test for radiant tube, and it was
found that this steel has excellent performance and durability.
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Table 1. Chemical composition (wt%).

Specimen C |Si Mn| Ni Cr|Mo| N
Series A N _ 18 0.08
Series B | B~10-09[1.18/1.64 13.25 |24.0) 0.66| 0.187
(Exfsts B-2/0.21/1.19]1.68| 13.40 24.2| 0.67| 0.226
of(;“gi) B-3(0.09/2.02|1.68| 13.35 [24.1| 0.66] 0.234
> B-4/0.21(1.84{1.70| 13.60 [24.1| 0.67| 0.264
B-5/0.14/1.94/1.68 13.33 [23.8 0.67| 0.249
C 0.11(2.02/1.65| 13.60 [23.8 0.82| 0.258
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Photo. 1. Line analysis of precipitates formed
during creep under 1.0kgf/mm? at
1 000°C for 300h by EPMA.

a) 29%8i-0.21%N, b) 1%8Si-0.21%N, c) 1%85i-0.28%N

Photo. 2. Effect of additions of Si and N on the microstructure of the steel crept
at 1000°C under 1.0kgf/mm? for 300h.
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Fig. 4. Effect of C on the creep rupture strength
at 1 000°C.

1000°C,1.0kg £ gryn?

0.10C-02N-2Si |

3000 o 20C—02N—25i o)) d
O

= o.wc—ozﬂ (sih ©b
> 10 -1Si
E \ 7 f
g ]
= 0.066C-02N
8 -2Si
]
£ ‘
F oo (CHNY) (Sit,ND

]
[owC-03N-1Si
0

30 40 i) 60 0
Rupture elongation (%)

Fig. 5. Effects of 8i, N and C on the creep
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Fig. 8. Creep rupture elongation of specimen C.
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a) Solution annealed at 1100°C and ruptured under 25kgf/mm?2 at 650°C (400h)
b) Solution annealed at 1100°C and ruptured under 1.5kgf/mm2 at 1 000°C (266h)
¢ ) Solution annealed at 1 250°C and ruptured under 25kgf/mm?2 at 650°C (35h)

d) Solution annealed at 1 250°C and ruptured under 1.5kgf/mm2 at 1000°C (605h)

Photo. 3. Effect of grain size on the microstructures of specimen C creep ruptured at

650°C and 1000°C.
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Fig. 10. Creep rupture strength of specimen C.
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Fig. 11. Creep rupture elongation of specimen C.
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Fig. 12. Residues analysis from electrolytic extra-
ction of aged specimen C.

a) 700°
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Photo. 4. Microstructures of specimen C aged for 3 000h at various temperatures.
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Photo. 5. Scanning electron micrographs of fracture
appearances after tensile tests of aged
specimen C.
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Fig. 13. Effects of ageing temperature and time
on the room temperature tensile elonga-
tion of specimen C.
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Fig. 14. Effects of ageing temperature and time on
the time to rupture of specimen C.
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Fig. 15. Effects of ageing temperature and time
on the time to rupture of specimen C.

a) Aged at 700°C for 1000h and ruptured (24h)
b) Aged at 1050°C for 1000h and ruptured (697h)

Photo. 6. Effect of ageing on the microstructure of
specimen G creep ruptured under 23kgf/
mm? at 650°C.
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Fig. 16. Secular change of specimen C used as
radiant tube.
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