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Some Characteristics of Creep Behavior in High Nitrogen 9Cr-2Co Steels

Ken-ichiro HARA and Takao ENDO

Synopsis : Constant load creep tests have been conducted at 873K under an initial stress from 50 to 70 MPa for 9Cr-2Co steels containing 0.06, 0.11,

0.16 or 0.19 mass% nitrogen. An increase of nitrogen concentration decreases creep rate and increases rupture life. Except for an early and a

final stage of creep, the logarithm of creep rate ¢ was expressed as a linear function of strain in the form;

Iné=1ng;+1InQ¢,

where £, is imaginary initial strain rate and £ is strain acceleration factor defined in the text, respectively. The stress dependence of &, was

expressed by nth power of applied stress. The stress exponent, n decreased gradually with an increase in nitrogen concentration from 5.0 to

3.9. It was found that the linear-type primary creep appeared in some creep conditions. An analysis based on the concept of threshold stress

and the formation of solute atmosphere consisting of nitrogen—chromium atom pair revealed semi-quantitatively that dislocations move ina

viscous manner dragging solute atmospheres behind them in creep deformation of the present high nitrogen ferritic steels.

Key words: high nitrogen ferritic steel; imaginary initial strain rate; I-S effect; strain acceleration factor; linear-type primary creep; nitrogen—chromium

pair.
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Table 1. Alloy designation and chemical composition in
mass %.
- Allovmg77 i o 7 o o
P 1 ties %)
Designation elements(mass%) i mpurities(mass
o lco | N ¢ Ts M s [ p
N-1 8.9 2.0 0.06 | 0.001 |0.002 | 0.01 | 0.002 | 0.005
N-2 9.0 2.0 0.11 | 0.005 |0.002 |0.006 | 0.001 | 0.004
N-3 | 89 | 19 016 | 0.008 |0.004 0.009 | 0.001 « 0.004
N-4 88 | 19 | 0.9 | 0009 [0.005 0.009 | 0.001 | 0.004
Table 2. Soluble nitrogen content in ppm determined from

extracted residue method.
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Fig. 1(a). Effect of nitrogen on the creep curve at 50 MPa
and 873K.
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Fig. 1(b). Effect of nitrogen on the creep curve at 70 MPa
and 873K.
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Fig. 2(a). Effect of nitrogen on the creep rate—time rela-
tionship at 50 MPa and 873K.
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Fig. 2(b). Effect of nitrogen on the creep rate-time rela-
tionship at 70 MPa and 873K.
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Fig. 3. Relationship between logarithm of creep rate and
true strain rate for N3 specimen tested at 50 MPa
and 873 K.
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Table 3. Imaginary initial strain rate and strain rate accel-
eration factor.
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Fig. 4. Relationship between imaginary initial strain rate
and initial stress at 873 K for 9Cr—2Co steel con-
taining various amounts of nitrogen.
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Fig. 6. Change in apparent stress exponent with applied
stress for a steel with stress exponent of matrix
being 3,4 or 5.
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