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Role of Vanadium in Creep Rupture Strength of 9Cr-1Mo-V-Nb-N Steel

Yutaka Tsucuina, Kentaro Oxamoro and Yoshikuni Toxkunaca

Synopsis

: The effect of V addition on the mechanical properties of 9Cr-1Mo-V-Nb-N steel, especially creep rupture strength

(CRS), has been examined and the factors that control the CRS have been discussed.

Though the specified V addition is 0.18 to 0.25 mass% in ASME SA387 Grade 91 steel, the increase in V addition
from 0.15 to 0.32 mass% resulted in the decrease in high temperature proof strength (PS) and CRS. The ¢ ferrite is
not observed even in the 0.32 mass% V containing steel. The ¢ ferrite is not the cause of decrease of CRS. The change
of CRS should be explained by precipitation strengthening ; not only by the inter-precipitate distance but also by the
size of precipitate and the coherency strain around precipitate.

The increase in V addition causes the sparse precipitation of VN.

This could be the reason of the decrease in CRS

by increased addition of V. The increased V addition also causes the increase in size of VN and the decrease in
coherency strain around VN. Supposing the local climb model for creep deformation, these are also the factors that
affect the CRS; their effects are estimated to be almost same in magnitude and to cancel each other.

Key words : high Cr ferritic steel ; creep rupture strength ; & ferrite ; vanadium nitride ; niobium nitride ; coherency strain ; lattice

constant ; precipitate size.
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Table 1. Chemical composition. (mass%)

C &8 Mn P S C Mo V Nb Al N

A 011 025 0.33 0.007 0.003 8.8 1.0 QE 0.07 0.012 0.038
B 0.1 0.25 0.33 0.007 0.003 88 1.0 4 0.07 0.010 0.037
C 011 0.25 0.33 0.007 0.003 8.8 1.0 032 0.07 0.011 0.036
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Fig. 1. Effect of V content on tensile and Charpy
impact properties.

Fig. 2. Microphotograph of 0.32 mass% V steel
after mormalizing and tempering.
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Fig. 3. Creep rupture curves of steel A to C.
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Fig. 4. Master creep rupture curves for steels A to
C.
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Fig. 6. Hardness of the head of creep ruptured
specimen.

Fig. 7. Transmission electron micrograph after nor-
malizing and tempering.
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Fig. 10. Change of the chemistry of VN due to the
increase of V addition.
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Fig. 12. Change of the chemistry of NbN due to the
increase of V addition.
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Composition Lattice parameter ASTM card No.
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NbCo.ge 4.4707 10-181
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