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Effect of Niobium and Heat Treatments on Creep Properties of
15Cr-14Ni Heat Resisting Steels

Takemi YAMADA and 7Toshio FujiTa

Synopsis:

The effects of niobium and heat treatments on the creep and creep—rupture properties of 15Cr—14Ni heat
resisting steels and the electron—microscopic observation have been studied. The relationships between
creep properties and several structural factors are discussed. The results are as follows;

In vacuum-melted 15Cr-14Ni steels, the addition of niobium improves the creep and creep-repture
strengths but reduces the rupture ductility. In 0-15C-15Cr-14Ni steels contadining niobium, the creep
and creep—rupture strengths have maxima at some niobium contents, which increase with increasing the
solution temperature. At higher niobium contents, the creep arzd creep-rupture strengths increase with
‘increasing the niobium content. A decrease of the niobium content or an increase of the solution tem—
perature gives a loss of the rupture ducility in these steels. We find that the increment of the creep rup—
ture strcngtl’i is proportional to the product of {(%C)ga1}®? X (%Nb)ge1®* X (n1)°2x (Dy)®4, where
(%C)so1 and (%Nb)go are the contents of carbon and niobium in solution, respectively, (n,) is the dis-
tribution density of undissolved carbides and (D) is the mean austenite grain diameter after solution

treatment.

This is explained by the combination of the following factors; the solid-solution hardening

effects by carbon and niobium, the dispersion strengthening effects by carbides, M,;C; and NbC, and the

effect of the grain size.
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Table 1. Chemical composition of specimens (wt%).

G Si Mn Cr Ni P S Nb Nb/C

S-1 0-003 0-43 0-90 1509 14-13 0-001 0-006 — —
S-2 0-005 0-50 0-91 15-83 14-28 0-002 0-007 061 12-0

S-3 0-16 0-40 1:98 15-61 14-03 0-008 0-010 — —
S-4 0-19 0-43 1-24 1539 14-22 0-007 0-012 0-10 05
S-5 0-19 0-44 1-35 1543 14-22 0-006 0-012 0-20 1-1
S-6 0-18 0-46 1-36 15-43 14-17 0-006 0-012 0-54 3-0
S-7 0-19 0-45 135 1539 14-22 0-006 0-014 1-03 54
S-8 0-18 0-49 1:37 15-71 14-08 0-006 0-014 2-02 11-2
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Fig. 1. Creep properties of the steels S-1 and S-2

at 650°C. .

a) Applied stress vs. time to rupture

b) Applied stress vs. minimum creep rate
c¢) Rupture elongation vs. time to rupture
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Fig. 2. Creep properties of the 0°15C-15Cr-14Ni-Nb
steels at 650°C, solution treated at 1 200°C.
a) Applied stress vs. time to rupture
b) Applied stress vs. minimum creep rate
c) Rupture elongation vs. time to rupture
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Electron micrographs of 0'15C-15Cr-14Ni-Nb steels, creep ruptured at 630°C.
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Specimens were solution treated at 1200°C.
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Increments of creep rupture strength as a
function of  (%C)so1 X (%6Ti)s01 X (n1)1/2 X
(Dr) or 1/2(%C) so1 % (%Nb) so1 X (nr) /2 X
(Dy) for the 0'15C-15Cr-14Ni steels, so—
lution treated at various temperature,
where (%, C) g0 1s dissolved carbon content,
(%Ti)go1 1s dissolved titanium content,
(9%Nb) 41 is dissclved niobium content,
(nr) is distribution density of undissolved
carbide, and D7 is mean austenite grain
‘diameter after solution treatment.
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