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Effects of Cr, Mo, W, Mn and Ni on Creep Properties of 2.25Cr-Mo-V Rotor Steel

Yoshikuni Kavova, Takato Kiral, Ichivo Tsun, Asaharu Martsvo, Yasuhiko Tanaka, Tsukasa Azuma and Yasumi Ikepa

Synopsis : The effect of Cr, Mo, W, Mn and Ni contents on the creep properties of a 2.25Cr-Mo-V based bainitic steel was
investigated and microstructural factors which affect the creep rupture strength were discussed. The creep rupture
strength is decreased by increasing Cr, Mn and Ni contents although it is slightly increased with the addition of W. The
effect of Mo is very small. Addition of Ni in excess of 1.8% decreases the creep rupture strength remarkably.

Preferable precipitation of Cr,sCs and Cr,;C; due to the increase of Cr content suppresses the precipitation of V,Cs,
and decreases the creep rupture strength. Ni and/or Mn addition decreases the creep rupture strength because the
stacking fault energy which makes cross slip easier is increased. No further improvement of creep rupture strength due
to solid solution strengthening is expected by the addition of Mo in excess of 0.8%5. W contributes to the increase in
creep rupture strength through solid solution strengthening effect. In addition, it is concluded that the creep rupture
strength of the 2.25Cr-Mo-V steels equals or exceeds that of the conventional 1Cr-Mo-V steels.
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Table 1. Chemical compositions of steel.(wt. %)

Mo | V
1.16 |.26
1.16 | .26
1.18 | .25
1.17 .25
1.19 | .25
82|.26! —
1.51 .25
1.80 |.25 —
.84 .25
.86 | .25
.84 |.25
.86 | .25

Ni

.81
1.46
1.45
1.80
2.28
1.77
1.81
1.82
1.78
1.79
1.79
1.81

Cr
2.27
2.28
2.28
2.26
2.27
2.23
2.26
2.28
2.22
2.26
3.20
3.67

Mn, P S

.71 | <.003 | <.003
.71 [<.003 | <.003
.02 |<.003 | <.003
03 |<.003 | <.003
.04 | <.003 | <.003
.03 [ <.003 | <.003
.03 | <.003 | <.003
.03 | <.003 | <.003
.03 | <.003 | <.003
.03 |<.003 }|<.003
.03 | <.003 | <.003
03 | <.003 | <.003

Si
02
02
.02
02
.02
.03
.02
02
.03
.02
.02
.02

Steel
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Fig. 1. Creep rate-time curves of 2.25Cr-Mo-Vof
steel at 565°C-220MPa.
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Fig. 2. Effect of alloy elements, Cr, Mo, W, Mn and
Ni, on the 2000h creep rupture strength at
565°C for 2.25Cr-Mo-V steels.
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Fig. 3. Electron micrographs of extraction replicas of specimens crept for the (a)J, (b)K and (c)L steels

simulating HP part.
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Fig. 4. Electron micrographs of extraction replicas
of specimens crept for the (a)A and (b)E
steels simulating HP part.
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Fig. 5. Electron micrographs of extraction replicas of specimens crept for the (a)F, (b)H and (c)] steels

simulating HP part.
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Fig. 6. Effect of alloy elements Cr, Mo, W, Mn and
Ni, on the precipitation density of V,C;
carbide particles for 2.25 Cr-Mo-V steel.
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a) A:2.25Cr b) E: 2.25Ni C) L:3.75Cr

Fig. 7. Transmission electron micrographs of specimens crept at 565°C-220MPa for 2.25 Cr-Mo-V steels.
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Table 2. Summary of effects of alloy element on
creep rupture strength of 2.25Cr-Mo-V

steels.
Element cre;rpo:;s;:‘uro Mechanism
decrease of precipitation of fine
Cr Reduce V4C 3 due to the formation of
Cro3Cgand Cry;C 3
No effect
Under a 1.5%) solid solution strengtt ]
Mo content
Mo "
Reduce decrease of precipitation of fine
over a 1.5% ) V4C 3 due to the formation of Mo 2C
Mo content and MgC
w Improve solid solution strength 9
Mn Reduce high-mobility of dislocation and
easy to make cross slip with a
Ni Reduce higher stacking fault energy
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Fig. 12. Relationship between tougthness (FATT)
and creep rupture strength of 2.25 Cr-Mo-V
and Cr-Mo-V steels.
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