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Development and Production of 10Cr1.5MoVNb Steel for Gas Turbine Compressor Disk

Yoshikuni KADOYA, Ryotaro MAGOSHI, Yoshihiro OKAMOTO and Kazuhiro NAKATA

Synopsis

: Recently, gas turbine inlet temperature has been raised in order to improve thermal efficiency of power plant. The turbine inlet temperature of

1500°C has already been attained in the newly developed gas turbine. In case of the combined cycle power plant, optimization of compressor

pressure ratio corresponding to the increase of turbine inlet temperature is required to improve the thermal efficiency. Development of higher

creep strength material for disk, therefore, is needed to actualize higher thermal efficiency gas turbine. Alloy design based on 12% Cr steels

indicated that the high purity 10Cr1.5Mo00.75NiVNDBN steel is suitable to the compressor disks required to the advanced type gas turbine. A

trial disk has successfully been manufactured with this steel from 800 mm dia. electroslag remelting (ESR) ingot. Several evaluation tests re-

vealed good material properties which meet the requirements of advanced type gas turbine compressor disk, especially in toughness and

creep rupture strength.

Key words: gas turbine disk; forging; 12% Cr steel; toughness; creep; fatigue; electroslag remelting (ESR); high purity steel.
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Table 1. Target of a new disk alloy steel.

Item Rim Bore
0.2% yield strength
>510 >510
at 500°C (MPa)
Charpy V impact
a) Absorved energy >41 >41
at 20-25°C (J)
b) FATT (C) <25 <40
20°C up more 20°C up more
Creep rupture than conventional than conventional
strength 2.25CrMoVN Steel 2.25CrMoVN Steel
(480°C-10°h, =350MPa) | (480°C-10°h, =350MPa)
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Fig. 1. View of forging of the trial disk.

Fig. 2. View of quenching of the trial disk.
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Fig. 3. Measured cooling rate during quenching of the trial
disk.
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Table 2. Chemical composition at various portion in the trial disk.

(mass %)
portion C Si Mn P N Cu Ni Cr Mo v Al Sn As Sb Nb N
Ladle 0.13 0.08 057 0004 0001 0.03 074 1037 149 018 0.002 0.003 0.004 0.0012 0.048 0.046

TD1 0.12 0.08 0.56 0.003 0.002 0.03 072 1026 146 017 0.003 0.003 0.004 0.0011 0.047 0.046

TD2 0.12 0.09 0.56 0.003 0.001 0.03 072 1031 1.46  0.18 0.003 0.003 0.004 00012 0.047 0.045

Product TD3 0.12 008 056 0.003 0001 003 072 1032 146 018 0.002 0.003 0.004 0.0011 0.047 0.045
Cl1 0.14 0.08 0.57 0004 0.001 0.03 074 1041 150  0.18 0.003 0.003 0004 0.0012 0.048 0.047

c2 0.13 008 0.56 0.004 0.001 003 074 1038 149 0.8 0.003 0.003 0.003 0.0012 0.048 0.047

C3 0.13 005 0.57 0.004 0001 003 073 1033 147 018 0.003 0.003 0.003 0.0013 0.047 0.046

Requirement 0.10~ max. max. max. max. max. max. 10.00~ 1.30~ 0.12~ max., max. max. max. 0030~ 0.030~

0.16 0.10 100 0.015 0015 0.15 100 11.00 160 022 0010 0.015 0.020 0.0015 0.080 0.070

Fig. 4. Microstructure and grain size of the trial disk: (a) rim (G.S. No.: 2.1); (b) bore (G.S. No.: 1.5).
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Table 3. Mechanical properties of trial disk.

Tensile test (R.T.) Tensile test (500°C) V-notch Charpy
Portion 02%Y.S. TS El.  RA. 02%YS. TS El.  RA. FATT Abosorbed energy
(MPa)  (MPa) (%) (%) (MPa)  (MPa) (%) (%) (C) (R.T.)()
D1 792 907 206 630 550 634 197 742 -
D2 796 912 203 630 548 638 202 746
TD3 794 907 204 635 ss4 629 192 730 17 9%
c2 783 913 202 650 s64 634 183 725 22 97
—_
20 10Cr1.5MoVN g 30
3 r1.5SMoVNb e
B 1o | ostees (Developed disk) I
o w
@
s 0 g Lof
© £ F
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£ ° g F1O : 2.25CrMoVNb  (400°C)
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£ 0 F o fi‘iig"x":::"' Fig. 7. Low cycle fatigue strength of the trial disk and
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Fig. 6. Fracture toughness transition curve of the trail disk

and conventional disk steels.
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Fig. 8. Creep rupture strength of the trial disk and conven-

tional disk steels.
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