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Effects of Small Amount of Vanadium and Niobium on Microstructure
and Creep Rupture Strength of 12 Percent Chromium Heat Resisting Steel

Synopsis:

Norio Taxkauasui and Toshio Fujita

Effects of small addition of vanadium and niobium were investigated in order to improve the creep rup-
ture strength of 12% Cr heat resisting steel. The results are as follows.

1) The creep rupture strength of 129, Cr heat resisting steel is increased by the addition of small
amounts of vanadium and niobium. Additions of vanadium and niobium result in precipitation hardening.
Especially, in.the case of combined addition of vanadium and niobium, the creep rupture strength is higher
than that in the case of individual addition of vaniadium or niobium. In the case of individual addition,
the creep rupture strength of steel containing niobium is higher than that of steel containing vanadium

up to 600°C.

2) 1Itis observed in an electron microscope that ¢
by additions of vanadium and niobium to the steel.
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Table 1. Chemical composition of specimens (wt2s).

Steel No. | G ﬂ si Mn P S i c v Nb N
S-1 022 | 043 | 0.83 0.007 | 0012 | 1056 | — - 0.037
5-2 020 | 043 | 0.89 0.007 | 0.011 | 1094 ' — | o008 0.033
S-3 0.21 0.43 0.88 | 0.007 | 0.010 ’ 1082 . 0.10 | — 0.037
S_4 0.19 0.43 0.93 0.008 | 0.010 | 10.85 | 011 . 0.08 0.035
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Fig.” . Effects of vanadium and niobium on creep
properties of 129%Cr heat resisting steel
at 550°C.

a) Applied stress vs time to rupture
b) Applied stress vs minimum creep rate
¢ ) Rupture elongation vs time to rupture
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Fig. 2. Effects of vanadium on creep properties of
1294, Cr heat resisting steel at 650°C.

a) Applied stress vs time to rupture
b) Applied stress vs minimum creep rate
¢) Rupture elongation vs time to rupture
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Fig. 3. Increment of creep rupture strength of
1294, Cr heat resisting steels by addition
of vanadium and niobium.
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Fig. 4. Effect of vanadium and niobium on hardness of 1294Cr heat resisting steel
oil-quenched from 1150°C and tempered at 550°C and 650°C.
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Fig. 5. Increment of hardness of 129,Cr heat
resisting steels by addition of vanadium
and niobium.
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Table 2. Results of X-ray analysis of residues
extracted from steels oil-quenched from
1150°C and tempered at 650°C.
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Steel No, ™.
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0.1INb) MC MC MC
S-3
M3 Co* | MpaCe* | My C*
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Photo. 1. Electron micrographs of specimens oil-quenched from 1 150°C and tempered
at 550°C for 1 000 hr. (extraction replica).
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w4

ographs of the modified 129,Cr steels oil-quenched from

1i :

1'150°C and tempered at 650°C: for 1000 hr (extraction replica).
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Fig. 6. Change in amount of total residue and concentration of carbide
forming element into residue due to tempering at 650°C.
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Fig. 7. Relationship between hardness and mean
diameter of precipitated carbide of 129,
Cr heat resisting steels at 650°C.
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