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Effects of Alloying Elements on the Creep Rupture Time of High Cr Ferritic Steel Weldments
Yutaka Tsucuia, Yukio Tsupa and Yoshikuni Toxunaca

Synopsis :

The effects of precipitation strengthening by V and Nb additions and the effects of N and W additions on the creep

rupture time (CRT) of heat affected zone (HAZ) in the weldment of high Cr ferritic steels were studied by welding heat

cycle simulation.

The CRT of HAZ was slightly shorter than that of base metal, even in the steel without V and Nb addition. This can

be explained by the coarsening of grain size in HAZ.

As the base metal is more strengthened by V and Nb containing nitrides (V, Nb) N, the CRT of HAZ drops more.
The CRT of HAZ of stronger base metal never becomes lower than that of weaker base metal. Although the increase
in nitrogen content improves the CRT of base metal, the CRT of HAZ is improved less than that of base metal. These
results can be related with the state of(V,Nb)N precipitation by the local climb mechanism.

The W addition promotes the strengthening effects of(V,Nb)N precipitation, by increasing the solution of Nb during
welding heat cycle. Thus, when the CRT of base metal is improved by W addition, the ratio of CRT in HAZ to that
in base metal is kept nearly the same as that of steel without W addition.
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Table 1. Chemical compositions of steels for eval-
uating the effects of Nb and V additions.

Steel C Si Mn P S & Mo V Nb Al N

Al 010 0.24 0.43 0.006 0.001 9.04 098 — — 0.008 0.081
A2 010 0.24 0.44 0.006 0.001 899 0.99 0.22 — 0.008 0.079
A3 0.10 0.24 0.43 0.006 0.001 8.83 0.98 0.22 0.069 0.009 0.076

Table 2. Chemical compositions of steels for eval-
uating the effect of N content.

Steel C Si Mn P S Cr Mo V Nb Al N

Bl 012 0.24 0.44 0.005 0.003 8.47 0.98 0.22 0.078 0.004 0.021
B2 0.12 0.24 0.44 0.005 0.003 8.55 0.98 0.22 0.078 0.003 0.029
B3 0.11 0.23 0.43 0.004 0.003 8.49 0.97 0.22 0.078 0.002 0.044
B4 011 0.24 0.43 0.005 0.003 8.56 0.95 0.21 0.078 0.006 0.067

Table 3. Chemical compositions of steels for eval-
uating the effect of W addition.

Steel C Si Mn P S C Mo W V Nb Al N
C1 0.11 0.02 0.47 0.013 0.007 9.22 0.47 1.72 0.20 0.07 0.001 0.043

C2 0.10 0.25 0.43 0.007 0.001 8.85 0.95 — 0.22 0.08 0.005 0.067
:
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Fig. 1. Specimens for simulated HAZ test.
(a) for welding heat cycle simulation.
(b) for creep rupture test.
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Fig. 2. Change of creep rupture time in simulated
HAZ from Steels Al to A3 with peak tem-
perature of welding heat cycle simulation.
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Fig. 3. Optical micrographs of simulated HAZ of

Base metal Peak temp.=950°C

Steel A1

Steel A2

Steel A3

Fig. 4. Substructures observed by transmission elec-
tron microscopy of base metal and the wea-
kest HAZ (peak temperature of 950°C) of
Steels Al to A3.
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Fig. 5. Chromium containing needle-like precipi-
tates on carbon extraction replica observed
by transmission electron microscopy (TEM)

and energy dispersive X-ray spectroscopy
(EDS).
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Fig. 6. Relation between creep rupture times of
base metal and weakest simulated HAZ
(peak temperature of 950°C) of 9Cr-1Mo-V-
Nb steels with 0.021%N to 0.067%N.
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Fig. 7. Change of creep rupture time in simulated
HAZ from Steel C1 (W bearing) in compari-
son 1\;vith that from Steel C2 (Mod.9Cr-1Mo
steel).
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Fig. 10. Schematic illustration explaining the

weaking in creep rupture time of HAZ
between Steel C1 (with W) and C2 (with-
out W).
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