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Development of 12Cr Steel Casing Castings for Advanced Steam Turbines

Yoshitaka IWABUCHI, Masashi MURATA, Shigeru YAMAKURO,
Masayuki YAMADA and Osamu WATANABE

Synopsis :

In order to determine the suitable manufacturing condition of 12%Cr alloy steel casing castings for
advanced steam turbines, which improve efficiency for fossil fuel power plant by increasing steam condition,
the research into chemistry, heat treatment and welding was carried out, and a partial model casting manu-

factured by this steel was evaluated.

The laboratory test results indicated that the elevated temperature tensile strength and the room-
temperature toughness were directly related to the room-temperature tensile strength. The stress rupture
strength was found to be proportional to the tensile strength as well as the tendency toward increasing

number of precipitates.
1%CrMoV cast steels.

The weldability of 12%Cr cast steel was likely to be the same as that of ordinary

On the base of laboratory studies and the evaluation of a partial model casing, 12%Cr alloy steel casing
casting were successfully manufactured offering the integrity and the excellent creep rupture strength.
Key words : advanced steam turbine; rupture strength; casting; 12%Cr steel; weldability; niobium carbide;

delta ferrite.
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Table 1.
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+ 5Nb — (40C + 2Mn + 4Ni + 2Co + 30N)
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Fig. 1. Prediction of the amount of delta ferrite

by the Rickett’s diagram.

Chemical composition of steels and a weld deposit used for this study (wt%).

Steel C Si Mn P S Ni Cr

Cu Mo v Nb N

Remarks

A series 0.07 0.01 0.32 0.008 0.005 0.41 10.49
~0.24 ~0.38 ~0.48 ~0.015 ~0.015 ~1.01 ~12.01

0.04 0.88 0.20  0.000
~0.07 ~1.55 ~0.35 ~0.080 ~0.1130

Tendency toward 0 ferrite
formation

0.0028

B 0.15 0.55 0.60 0.026 0.009 0.61 10.70  0.04 0.99 0.34 0.125 0.0504 | O ferrite-containing
Cc 0.12 0.45 0.80 0.012 0.006 0.70 10.60 0.08 0.72 0.29 0.090 0.0462 | High Ni

D 0.15 0.32 0.75 0.015 0.014 0.51 10.45 0.08 0.96 0.21 0.090 0.0352 | ¢ ferrite-free

w 0.13 0.21 0.56 0.015 0.007 0.42 9.69 0.05 0.56 0.18 0.060 0.0304 | Weld deposit
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Fig. 2. Effect of Nb content on the mechanical
properties of 12CrMoVNbN cast steel.
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Fig. 3. Change in delta ferrite and insoluble Nb
of 12CrMoVNDN cast steel with soaking tempera-
tures.
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Fig. 4. Continuous cooling transformation diagram

and nose of My3Cg carbide precipitation of

12CrMoVNDbN cast steel with and without delta

ferrite.
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Fig. 5. Relation between mechanical properties
and tempering temperatures of three 12Cr
MoVNDN cast steels.
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Photo. 1. Transmission electron micrographs of
carbon extraction replicas taken from the
specimens tempered at a temperature between 650
and 720°C.
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Weld joint¢ NT )l o) ) AR |
Fig. 7. Comparison in tensile properties and

creep rupture strength of the weld joint Stress
Relieved (SR) with those of Normalized and Tem-
pered (NT) on the base of 12CrMoVNbN cast

steel.
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Photo. 2. Partial model casing casting showing
the surface and internal soundness.



BEBEREXNDY-C B 1L2Cr Ry — 2 v 7ORE 1065
Table 2. Chemical composition of USC turbine casing casting (wt%).

C Si Mn P S Ni Cr Mo A% Nb N
Ladle 0.14 0.28 0.57 0.007 0.006 0.52 10.10 0.88 0.22 0.10 0.0382
Test coupon 0.13 0.29 0.56 0.007 0.006 0.51 10.08 0.88 0.23 0.10 0.0396
Surface 0.14 0.32 0.59 0.007 0.006 0.51 10.20 0.88 0.23 0,10 0.0399
Flange 1/4T 0.14 0.31 0.59 0.008 0.008 0.51 10.16 0.88 0.23 0.10 0.0407
Center 0.13 0.31 0.57 0.006 0.008 0.51 10.10 0.86 0.23 0.10 0.0389

Flange elbow

USC casing casting

(kgf/mm2 )
Y. S

(kgf/mm?2 )
El

(%)

Fig. 8. Tensile properties of the specimens taken
from each location of a partial model casing casting.
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Fig. 9. An example of solidification analysis of
USC casing casting. Number in Fig. is isothermal
time (min) of 30% solid fraction.
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Photo. 3. Transmission electron micrographs of carbon extraction replicas and X-ray diffraction
analysis of the precipitates taken from the specimens of USC casing casting.
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Fig. 10. Tensile properties, FATT and creep rupture strength of the specimens taken from
each location of the flange material and the test coupon.

Fig. 11. Shore hardness distribution
at the longitudinal cross section of the
flange material.
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Fig. 12. 10°h creep rupture strength of the
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Photo. 4. USC  casing casting
manufactured by 12CrMoVNbN steel.
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