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Development of Heat Resisting High Chromium Cast Steel for Ultra Super
Critical Turbine Plant

Kazunari TAKEBAYASHI, Yasunori TASHIRO, Akitsugu FUJITA,
Makoto NAKAMURA and Yorimasa TAKEDA

Synopsis : :

Use of the ultra-high temperature and ultra-high pressure steam to improve the efficiency of the fossil
power plants, have been actively studied and the verification tests have also been carried out. As a
material for the above steam conditions, 12%Cr heat resisting cast steel, has been newly developed, which is
able to raise the steam temperature of the fossil power plants to 593°C.

This material has better creep strength and creep rupture strength than the conventional Cr-Mo steel, in
addition, it has high ductility and toughness, and the weldability is also considered. This newly developed
material has been in the process of the manufacture to be used for the ultra-super critical fossil plant.

Key words : steam turbine casing; high Cr steel; ultra supercritical plant; creep rupture strength;
weldability ; elongation toughness ; solidification analysis ; impact value ; &-ferrite.
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Table 1. Main quality problems and countermeasures.

Main quality problems Countermeasures
( 1 )Decreasing of non-metallic inclusions and prevention of hot tear  Lowering S content and [O] level by applying ladle refining process
occurence
( 2 ) * Breaking and uniforming the coarse cast structure « Applying preliminary heat treatment at 1100°C
¢ Solution of large-sized carbides and nitrides
( 3 )Control of 6-ferrite formation to improve impact properties and « Selecting the optimum chemical composition based on 12%Cr steel
creep rupture strength * Control of the solidification velocity using chillers

* Determining the relationship between calculated solidification velocity
and formation of d-ferrite

( 4 )Balancing of strength and toughness and promoting precipitation *» Selecting the optimum chemical composition based on 12% Cr steel
of NbC « Applying double tempering cycle
( 5 )Maintaining of good weldability * Optimizing the chemical composition and heat treatment (Keeping

ductility and toughness better)
» Development of a new electrode (Used same material as the base metal
considering the ductility and toughness)

( 6 )Segregation and mass effect » Tests and studies using large size test material and simulation

SERCTCAE 12 B 20 B34+ (Received Dec. 20, 1989)
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*2 [ABEE(BR)IEWTFHEES (Research and Development Dept., Japan Casting & Forging Corporation, 46-59 Sakinohama
Oaza-Nakabaru Tobata-ku Kitakyushu 804)

*3 TZEE T (k) EWIFZEET (Nagasaki Research & Development Center, Mitsubishi Heavy Industries, Ltd.)
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Fig. 2. Relationship between tensile strength and

Fig. 1. Appearance of 50kg test block. reduction of area in 50 kg test materials.
Table 2. Chemical composition of 50 kg test blocks (wt%).

Material c s Mn P S Ni C M \Y Nb C w

Number ! ! T ° ° (ppm)
1 0.10 0.49 0.67 0.018 0.006 0.51 9.56 0.84 0.17 0.057 — - 538
2 0.13 0.50 0.69 0.019 0.006 0.51 9.44 0.85 0.17 0.056 — — 531
3 0.09 0.50 0.69 0.019 0.006 0.49 9.39 0.78 0.18 0.054 0.495 — 490
4 0.13 0.50 0.68 0.020 0.006 0.52 9.24 0.83 0.17 0.056 0.504 — 491
5 0.11 0.49 0.41 0.020 0.005 0.50 10.05 0.80 0.22 0.056 — — 539
6 0.13 0.49 0.67 0.019 0.005 0.70 9.92 0.80 0.13 0.054 — — 520
7 0.17 0.49 0.67 0.020 0.007 0.53 9.41 0.79 0.18 0.058 — — 550
8 0.11 0.51 0.39 0.020 0.004 0.52 9.80 0.79 0.23 0.059 — — 121
9 0.22 0.52 0.68 0.020 0.008 0.50 11.95 1.03 0.20 0.014 — -0.84 130
10 0.23 0.50 0.68 0.018 0.005 0.48 9.30 1.00 0.22 0.009 - 0.95 80
1 0.15 0.50 0.70 0.020 0.005 0.69 10.14 0.24 0.03 0.006 — — 94
12 0.10 0.49 0.67 0.005 0.007 0.51 10.65 0.78 0.15 0.047 — —_ 535
13 0.11 0.50 0.67 0.006 0.008 0.50 11.43 0.80 0.15 0.050 — — 469
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Fig. 4. Relationship between tensile strength and
creep rupture strength in 50 kg test materials.
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Table 3. Chemical composition of 1t test blocks (wt%).
C Si Mn P S Ni Cr Mo \'% Nb N
9.5%Cr steel 0.10 (0.68 0.71 0.027 0.009 0.51 9.88 0.86 0.15 0.06 0.044
10.5%Cr steel 0.10 0.49 0.68 0.029 0.004 0.47 10.67 0.77 0.15 0.041 . 0.047

Fig. 5. Appearance of 1t test block.
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Photo. 2. Micro-structure of 9.5%Cr steel.

Photo. 3. Micro-structure of 10.5%Cr steel.
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Fig. 7. 2mm V-notched charpy impact test results
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Table 4. Manufacturing record of 9.5Cr cast
steel parts.

Power Weight | Shipping
Plant (MW) Parts () year
A 50 HP inner casing (Upper) 2.2 1985
50 HP inner casing (Lower) 2.2 1985
A 50 IP inner casing EUpper) 1.6 1985
50 IP inner casing (Lower 1.6 1985
A 50 HP dummy ring EUpper) 1.1 1985
50 HP dummy ring (Lower) 1.1 1985
A 50 IP dummy ring ( Upper) 0.7 1985
50 IP dummy ring (Lower 0.7 1985
A 50 HP blade ring (Upper) 1.3 1985
50 HP blade ring { Lower) 1.3 1985
A 50 IP blade ring (Upper) 1.1 1985
50 IP blade ring (Lower) 1.1 1985
A 50 Curtis ring (Upper) 0.3 1985
50 Curtis ring (Lower) 0.3 1985
B 400 HP inner casing gUpper) 2.7 1987
400 HP inner casing (Lower) 7.5 1987
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Photo. 4. HP-IP turbine (A plant) at assembly
shop.
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