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Effect of Rolling and Normalizing Conditions on the Creep Rupture Strength
of 9Cr-1Mo-VNDbN Steel and the Role of V, Nb Carbo-nitride

Yutaka Tsucuia, Tetsujiro Taxkeoa and Yoshikuni Toxunaca

Synopsis : The effects of heating, rolling and normalizing conditions on creep rupture strength (CRS) have been examined in a 9Cr-

1Mo-VNDN steel.

When the steel was rolled after heating at 1,250°C, normalized at temperature as high as 1,100°C,

and then tempered, the CRS was improved without the coarsening the prior austenite (y) grain size.
It is supposedly the reasons for the prevention of y grain growth that the heating at 1,250°C dissolves Nb (C, N) into
solution completely, and the dissolved Nb, then, precipitates as Nb (C, N) during normalizing and acts fully as the

inhibitor against grain growth.

The CRS was hardly influenced by the prior y grain size, possiblly because the sub-grain size is an effective unit for
the CRS, and the sub-grain size was not varied by the coarsening of prior ¢ grain size.

Improvement of the CRS is attained through optimizing the precipitation of complex carbo-nitride of V and Nb by
the control of rolling and heat treating processes. High temperature heating makes the inter-precipitate distance short,
and changes the CRS along with the yield strength. Higher normalizing temperature makes the precipitate larger. In
this case, the CRS is higher for larger precipitate, and the yield strength is unchanged.

Key words : 9Cr-1Mo-VNDN steel; heating temperature ;

sub-grain ; V (CN); precipitation strengthening.
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Table 1. Chemical composition (mass%).

C S Mn P S C Mo V Nb Al N
0.10 0.25 0.43 0.007 0.001 8.85 0.95 0.22 0.08 0.005 0.067

Table 2. Rolling conditions.

Steel Reheating Finish-rolling
ce temperature temperature
A 1,150°C (1,423K) 900°C (1,173K)
B 1,250°C (1,523K) 970°C (1,243K)
C 1,250°C (1,523K) 750°C (1,023K)
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Fig. 1. Grain coarsening behavior after normaliz-
ing.
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Surface - Center Surface

Fig. 2. Cross-sectional micro-structure after no-
malizing.
(a) A steel, nomalized at 1,333K (1,060°C).
(b) B steel, normalized at 1,373K (1,100°C).
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Fig. 3. Dependence of creep rupture time on process
parameters (heating temperature/finish-roll-
ing temperature) and normalizing tempera-
ture.
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Fig. 4. Transmission electron microgragh of extrac-
tion replicas after quenching from 1,333K
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Fig. 5. Change in the amount of V and Nb preci-
pitates by different process parameters.
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Transmission electron micrograghs of ex-
traction replicasa of carbo-nitrides in B
steel which i1s normalized at 1,333K (1,060°C),
tempered at 1,013K (760°C), and heated at 1,
013K (740°C) for 30.24ks (8.4h) simulating
PWHT.

(a)(b)(c) before creep rupture test

(d) after crept at 873K (600°C)

(rupture time : 332h)
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Fig. 7. Difference of inter-precipitate distance amo-
ng the steels.
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Fig. 8. Effect of normalizing temperature on the
length of precipitate.
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Fig. 9. Transmission electron micrograghs of steels
which are normalized at 1,333K (1,060°C),
tempered at 1,013K (760°C), and heated at
1,013K (740°C) for 30.24ks (8.4h) simulating
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Fig.10. Transmission electron micrograghs of speci-
mens crept at 873K (600°C).
(a)(b) A steel, rupture time : 239h
(c)(d) B steel, rupture time : 332h
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