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Creep Deformation Mechanism of a High Nitrogen 9Crv—2Co Steel

Ken-ichiro Hara, Fujimitsu Masuvama and Takao Expo

Synopsis :

The role of nitrogen, which was forcibly introduced up to 0.2mass% to a 9Cr-2Co steel, was investigated in a quasi-

steady state creep in the range of stress and temperature from 873 to 1000K and 70 to 100MPa. The analysis showed
that the stress exponent of quasi-steady state creep rate was about 5 irrespective of nitrogen concentration.’
Mechanical differential tests conducted during the quasi-steady state creep revealed that there was no instantaneous
plastic strain on an abrupt stress change regardless of soluble nitrogen concentration from 240 to 410ppm and the -
effective stress exponent of average dislocation velocity was nearly equal to unity. The dislocation density determined

from the differential tests proved to be raised with the 3.5 to 4th power of applied stress. This larger stress exponent
was reduced to 1.8 to 2.6 when an elementary addition rule was taken into account between an internal stress
component from precipitates and a dislocation-dislocation interaction. The reduced stress exponent whose origin was
ascribable to the dislocation-dislocation interaction was compatible with the stress exponent of single phase materials.
These results suggest that the dislocations drag I-S (Interstitial-Substitutional) atmospheres behind them although a
large fraction(about 909%) of internal stress in flow stress and their stress exponents of the quasi-steady state creep are

both favorable to the metal type behavior of creep.

Key words : high nitrogen steel ; ferritic stainless steel ; I-S effect ; mechanical differential test ; solid solution hardening ; precipita-

tion hardening.
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Table 1. Alloy designation and chemical composition in mass%;.

Table 2. Soluble nitrogen contents in ppm.

Alloying elements(mass%) Impurities(mass%) N-1 240
Designation [ co [ N c st | Mn | s P Nz | 330
N-1 89 2.0 006 | 0001 | 0.002 | 001 | 0.002 | 0.005 N3 | 330
N-2 9.0 2.0 011 7| 0005 | 0002 | 0006 | 0.001 | 0.004 N | 210
N-3 89 19 016 | 0008 | 0004 | 0009 | 0.001 { 0.004
N-4 8.8 19 019 | 0009 | 0.005 | 0009 | 0.001 | 0.004
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Fig. 1. Quasi-steady state creep rate vs. applied
stress in a double logarithm plot.
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Fig. 2. Liner relation between the stress change, Ac
and the instantaneous strain, Ae.
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Fig. 3. Liner relation between the stress change, Ao
and the difference in strain rate, Ae.
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Table 3 (a). Internal stress in MPa(N-1 ; 0.06mass2).

Applicd stress Method 873K 923K 948K 1000K

Strain Dip Test 673 64.8 58.1

T0MPa (MPa)
Stress  Change 67.8 65.5 64.4 46.5
Test (MPa)
Strain Dip Test 76.8 66.2

80MPa (MPa)
Stress Change 77.4 73.6
Test (MPa)
Strain Dip Test 86.2 74.0

90MPa (MPa)
Stress Change 87.0 82.5
Test (MPa)
Strain Dip Test 95.5

100MPa {MPa)
Stress Change 96.5
Test (MPa)

Table 3 (b). Internal stress in MPa(N-2 ; 0.11mass2;).

Applicd stress| Method 873K 923K 948K 10008
7T0MPa Strain Dip Test 67.2 61.5 60.1
(MPa)
Stress Change 67.5 67.1 65.0 61.9
Test  (MPa)
8OMPa Strain Dip 76.8 68.5
Test (MPa)
Stress Change 772 76.5 74.0
Test (MPa)
90MPa Strain Dip 86.1 76.6
Test (MPa)
I
Stress Change 86.6 83.1
Test (MPa)
100MPs Strain Dip 84.8
Test
(MPa)
Stress Change 92.0
Test (MPa)
Table 3 (c). Internal stress in MPa(N-3; 0.16mass%).
Applicd stress Method 873K 923K 948K 1000K
Strain Dip Test 67.7
70MPa (MPa)
Stress Change 61.8
Test  (MPa)
Strain Dip Test 713 67.3
80MPa (MPz)
Stress Change 74.0
Test  (MPa)
Strain Dip Test 86.6 75.5
90MPa (MP2)
Stress Change 83.1
Test  (MPa)
‘ Strain Dip Test 96.1 87.1 82.9
100MPa (MPa)
Stress Change 972_3
Test (MPa)
Strain Dip Test
120MPa | (MPa) 148
Table 3 (d). Internal stress in MPa(N-4 ; 0.19mass%).
Applicd stress | Method 873K 923K 948K 1000k
70MPa Strain Dip 66.9 65.4 583
Test  (MPa)
Stress Change 67.7 67.6 63.1 61.8]
Test (MPa)
BoMPa Strain Dip 76.4 74.6 65.9
Test  (MPa)
Stress Change 77.4 77.1 72.2
Test (MPa)
90MPa Strain Dip 85.7 73.7
Test  (MPa)
Stress Change 87.1 91.3
Test (MPa)
100MPa Strain Dip 81.3
Test  (MPa)
Stress Change
Test  (MPa)
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Fig. 4. Internal stress vs. applied stress for quasi-
steady state creep at 873 and 948K.
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Fig. 5. Stress dependence of dislocation density.
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Fig. 6. Stress dependence of effective stress.
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