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Effect of Nb, Ti and C Contents on Creep Rupture Strength
of High Strength Austenitic Heat Resisting Steel Developed
for Ultra Super Critical Pressure Boiler Tubes

Masao KIKUcHI, Mizuo SAKAKIBARA, Yasuo OTOGURO,
Katsukuni HasHiMoTO, Hiroyuki MIMURA and Toshio FuJiTa

Synopsis :

The effect of Nb, Ti and C contents on the creep rupture strength of a 20Cr-25Ni austenitic steel de-
veloped for ultra super critical pressure boiler tubes, has been investigated from metallographic viewpoints.
In the case where only Nb was added, the creep rupture strength of the steel reached its maximum when
the contents of Nb and C coincided with the NbC solubility curve and the stoichimetric ratio of NbC.
When Ti was added together with Nb, the creep rupture strength of the steel was higher than if only Nb
was added, and the strength was maximized by adding to the steel, maximum amounts of Nb and Ti which

could be dissoluable at the solution treatment temperature.

These results were explained by the fact

that fine Nb(C, N) and Ti(C, N), precipitated in the early stage of creep, subsequently induced a uniform
and fine precipitation of M23Cg which was delayed in coalescence and growth.
Key words : creep ; metallography ; precipitation ; steel for elevated temperature service ; alloying element.
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Table 1. Chemical composition of materials used (wt%).

No C Si Mn P S Ni Cr Mo Nb Ti B N
1 0.053 0.51 1.03 0.006 0.003 25.1 20.0 1.53 0.18 - 0.007 0.050
2 0.051 0.47 1.00 0.004 <0.001 25.0 19.9 1.52 0.34 — 0.005 0.060
3 0.099 0.52 1.03 0.004 0.002 24.8 19.0 1.54 — — 0.005 0.043
4 0.093 0.51 1.03 0.006 0.003 25.1 20.0 1.53 0.18 — 0.007 0.050
5 0.100 0.47 1.00 0.004 <0.001 25.0 19.9 1.52 0.34 — 0.005 0.060
6 0.160 0.47 1.02 0.002  <0.001 25.1 20.2 1.52 0.11 — 0.005 0.056
7 0.150 0.47 1.00 0.002 <0.001 25.0 20.2 1.63 0.21 — 0.005 0.044
8 0.101 0.53 1.03 0.020 0.002 25.6 21.5 1.48 0.11 0.06 0.005 0.058
9 0.097 0.50 1.04 0.019 0.002 25.6 20.9 1.48 0.20 0.10 0.004 0.060
10 0.096 0.51 1.07 0.020 0.002 25.7 20.8 1.45 0.27 0.06 0.005 0.054
11 0.100 0.50 1.02 0.004 0.003 24.9 19.9 1.52 0.08 0.24 0.005 0.040
12 0.100 0.50 1.03 0.007 0.003 25.0 19.9 1.52 0.18 0.23 0.004 0.041
13 0.100 0.54 1.04 0.006 0.003 25.9 20.0 1.57 0.32 0.25 0.006 0.042
14 0.083 0.50 1.02 0.004 0.002 24.5 19.4 1.47 — — 0.004 0.061
15 0.063 0.50 1.05 0.004 0.002 24.9 20.0 1.49 0.15 - 0.005 0.064
16 0.066 0.52 1.01 <0.002 <0.001 24.8 20.3 1.48 0.37 — 0.006 0.062
17 0.075 0.52 1.03 0.004 <0.001 24.4 19.4 1.46 0.25 0.06 0.009 0.058
18 0.074 0.50 1.05 0.003 0.001 24.7 19.4 1.46 0.15 0.16 0.005 0.045
19 0.070 0.49 1.05 0.004 0.001 25.1 20.1 1.49 0.25 0.16 0.005 0.065

20 0.080 0.52 1.02 <0.002 0.001 24.9 20.4 1.51 0.15 0.26 0.005 0.054
21 0.080 0.54 1.03 <0.002 0.001 25.2 20.3 1.45 0.27 0.26 0.005 0.053
22 0.077 0.52 1.03 <0.002 0.002 24.9 20.1 1.46 0.35 0.27 0.005 0.044
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Fig. 1. .Effect of Nb and C contents on 10°h creep
rupture strength at 700°C of 20Cr-25Ni austenitic
steel.
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Photo. 1. Effect of Nb content on optical microstructures of 20Cr-25Ni-0.1C steel,
as solution treated and after aging for 1000 h at 700°C.
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Fig. 2. Effect of Nb content on change in hard-
ness during aging at 700°C of 20Cr-25Ni-0.1C
steel.
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Fig. 3. Changes in hardness during aging at 700°C
for 20Cr-25Ni steels whose compositions are on
the NbC solubility curve.
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Photo. 3. Optical microstructures of 20Cr-25Ni steels whose compositions are on the
NbC solubility curve, as solution treated and after aging for 1000 h at 700°C.
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Fig. 4. Effect of Nb and Ti contents on 10°h creep

rupture strength at 700°C of 20Cr-25Ni-0.1C
steel.

0.4
0.3

0.2

Nb Content (%)

0.1

0 0.1 ] 0.2 0.3
Ti Content (%)

Photo. 4. Effect of Nb and Ti contents on
optical microstructure of 20Cr-25Ni-0.1C steel
as solution treated.
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Photo. 5. Effect of Nb and Ti contents micro-
structure of 20Cr-25Ni-0.1C steel after aging
for 1000 h at 700°C.
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Photo. 6. Effect of Nb and Ti contents on change of optical microstructure of
20Cr-25Ni-0.1C steel during aging at 700°C, and correlative results of X-ray
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Photo. 7. Effect of Nb and Ti contents on trans-
mission electron microstructure of 20Cr-25Ni-
0.1C steel after aging for 1000 h at 700°C.
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Fig. 5. Effect of Nb and Ti contents on 10°h
creep rupture strength at 700°C of 20Cr-
25Ni-0.07C steel.
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