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Creep Curve Analysis £2 with Method and Effect of Creep Strengthening Mechanism on £2 Value in
9Cr Ferritic Heat-resistant Steels

Masatoshi MITSUHARA, Daisuke TERADA, Ken-ichi IKEDA and Hideharu NAKASHIMA

Synopsis

: £2 method is effective for an assessment of creep life time. In this study, creep curves of 9Cr ferritic heat-resistant steels were analyzed by the

£ method. Samples were four types of 9Cr steel, which were fundamental 9Cr steel, solid solution hardened steel containing W, precipitation

hardened steel with MX and precipitation hardened steel with MX and Laves phase. The comparison between rupture time in creep tests and

creep life time assessed by the £2 method indicated that the life assessment of the £2 method was sufficiently effective in the 9Cr steels. In ad-

dition, we investigated the dependence of 2 value on stress applied in creep test. In the case of the precipitation hardened steels,

£ value had the strong dependence on stress. This dependence indicated that €2 value has relevance to creep deformation mechanism.

Key words : 2 method; creep deformation; life assessment; ferritic heat-resistant steel; creep strengthening mechanism.
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Table 1. Chemical compositions and heat treatments.

Steel A Steel B Steel C Steel D
C 0.0012 0.0009 0.10 0.10
cr 9.10 9,13 9.02 8.99
w <0.01 2.97 <0.01 2.95
v <0.003 <0.003 0.20 0.20
Chemical Nb <0.003 <0.003 0.05 0.05
composition Co 3.06 3.08 3.01 3.06
(wt.%) N 0.001 0.001 0.05 0.05
Si 0.01 <0.01 0.01 <0.01
Mn <0.01 <0.01 <0.01 <0.01
P <0.003 <0.003 <0.003 <0.003
S 0.0016 0.0017 0.0017 0.002
Normalizin . .
1050°c-1h/§c Normalizing 1?8(;%3.23/”& 1’:&;2“;_'1';'?&
Heat treatment 1050°C_{_2h/WQ 1050°C-1h/WQ Tempering Tempering
760°C-2h/AC 780°C-2h/AC
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Fig. 1. Change of residual sum of squares between strain
measured in creep test and one estimated by Eq.
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Table 2. Rupture time and parameters of £2 method estimated from creep curve.

Temperature [Applid StressRapture Timg| ~ Number of Isnttr::arlaftoer L - 2 -

() (MPa) (h) measuring point | Q £y Y Q £y (1
210 385 552 14 85 4.6 x10° 86 43%10°
190 817 985 20 116 1.3x10° 109 1.4% 107
180 1065 1310 20 118 8.1x10% 104 9.3x10™°

600 170 1528 1363 20 100 6.9% 10" 116 6.0X%10%°
150 5505 1707 20 204 7.1x10™ 216 6.3x 10
140 7916 2168 20 208 59x10™ 209 5.9x10™
120 350 165 10 173 3.6x10° 138 4.9x10°
110 477 179 6 108 6.2x10° 123 5.2x%10°

650 100 782 194 10 255 1.1%x10° 155 2.0%10°
80 4802 1599 20 77 6.1x101° 74 6.7x10™
70 8954 2538 20 56 4.8x10" 55 4.9x10%
70 109 68 6 95 2.2x10° 70 2.7%10%
60 542 282 12 52 8.6 x10° 48 8.7x10°
50 1213 620 20 47 3.6%x10° 47 3.4%10°

700 45 1963 993 20 40 2.9%10° 40 2.7%x10°
40 3612 1802 20 41 1.5%10° 42 1.4x10°
35 6286 3307 20 36 9.9%x10%° 35 1.0x 10°
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Fig. 2. Comparison of creep curves between one measured

in creep test and one estimated by €2 method.
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Fig. 4. Relationship between rupture time and stress in
creep tests at 700°C.
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Fig. 6. Dependence of €2 on stress applied in creep tests.
Table 3. Relation between n and €2 at 700°C.
n Q

Steel A 6 12 ~ 22

Steel B 8 8 ~ 15

Steel C 5 35~ 70

Steel D 5 20 ~ 48
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