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Development of High Purity 2.25Cr-Mo—V-Nb-N Steel for Gas Turbine Disk

Yoshikuni KADOYA, Koji TAKAHASHI, Hisataka Kawal, Ichiro Tsuil,
Tsukasa Azuma and Yasuhiko TANAKA

Synopsis : Recently, gas turbine inlet temperature has been raised in order to improve thermal efficiency of power plant. The turbine inlet temperature of
1350°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. Extensive studies, based on previous
experience, by using several heats as laboratory scale have been made for the investigation of effects of chemistry and heat treatment on me-
chanical properties. These laboratory studies indicated that the high purity 2.25Cr-Mo~V-Nb-N steel is suitable to the disks required to the
advanced type gas turbine. A trial disk has successfully been manufactured with this steel from 1000 mm dia. electroslag remelting (ESR)
ingot. Several evaluation revealed good material properties which meet the requirements of advanced type gas turbine disk, especially in
toughness and aging embrittlement redundant . The manufacture of actual disks have successfully been performed. They exhibited satisfacto-
ry quality in creep rupture and toughness.

Key words: gas turbine disk; forging; high strength low alloy steel; CrMoV steel; 2.25Cr—Mo—V-Nb-N steel; creep; 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
at 440°C (MPa) >390 >390
Charpy V impact
a) Absorved energy >41 >30
at 20~25°C (J)
b) FATT (°C) <-20 <40

20°C up more

than conventional
2.25Cr-Mo-V Steel
(460°C-10°h, 2350MPa)

20°C up more

than conventional
2.25Cr-Mo-V Steel
(460°C-10’h, >350MPa)

Creep rupture

strength
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Table 2. Chemical composition of laboratory heat steels.

(mass¥%)
Steel C Si Mn P S Ni Cr Mo v W Nb N
TRYL 0.27 004 004 <0.003 00015 120 232 08 025 216 0.030 0015
TRY2 026 004 002 0003 00016 119 230 084 035 225 0026 0013
TRY3 0.26 003 002 <0.003 00010 120 232 122 026 <0.01 0047 0017
TRYY 031 003 002 <0.003 00010 121 231 121 036 <0.01 0042 0013
TRYZ 027 004 001 <0.003 0.0014 162 227 119 041 <000 0042 0.017
TRYE 027 0.03 001 <0.003 00010 162 226 154 041 <0.01 0042 0.015

Corventional
disk
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Table 3. Mechanical and impact properties of laboratory heat steels.

Tensile test (R.T.)

Tensile test (440°C) V-notch Charpy

Steel portion 0.2%Y.S. TS. El. RA. 0.2%Y.S. T.S. El. RA. FATT Absorbed energy
(MPa)  (MPa) (%) (%) (MPa) (MPa) (%) (%) 49) (RT)
TRY1 surface 825 960 17.7 555 677 759 125 59.0 +58 24
center 821 954 162 475 664 760 114 510 +79 22
TRY2 surface 799 935 17.0 508 656 730 104 521 +77 22
center 828 956 156 502 672 760 118 57.1 +98 25
TRY3 surface 830 963 17.8 587 688 773 135 616 +57 32
center 791 945 205 596 673 755 132 622 +66 25
TRY4 surface 801 944 195 596 647 748 13.1 628 +33 35
center 821 928 197 602 648 724 132 609 +45 32
TRYS surface 875 992 212 599 700 784 134 64.0 =+ 60 25
center 897 1024 177 554 725 817 148 652 +74 25
TRY6 surface 871 1002 180 568 708 800 152 658 +57 24
center 850 980 186 576 686 776 146 653 +57 24

Temperature (time to rupture 10° hrs) (°C)

4?0 500
T
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600 O TRY2-S |
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—~ 500 X TRY4-S
o 00> O A TRYS-S
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400 2 *xH
@ % O 4
8 Am D@
& 300
Solid symbol : notch sensitive steel
200 A L
17 18 19 20

L.M.P=T(20+logt) x 1073
T : temperature (K), t : time (h)

Temperature (time to rupture 105 hrs) (°C)

450 500
T T
b) Center O TRY1-C
600 O TRY2-C
¢ TRY3-C
—~ 500 X TRY4-C
< A + X100 A TRYS5-C
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= 400 E<91- a
2 _0(’00 E0A
1] Aim ¢
= 300 oo
Solid symbol : notch sensitive steel
200 L L
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L.M.P=T(20+logt) x 1072
T : temperature (K), t : time (h)

Fig. 1. Creep rupture strength of laboratory heat steels; a) surface and b) center.
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Fig. 2. View of quenching of the trial disk.
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Fig. 3. Measured cooling rate during quenching of the trial
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Table 4. Chemical composition at various portion in the trial disk.

(mass%)

portion C Si Mn P S Ni Cr Cu Mo V Al Nb N As Sn Sb

ladle T  0.23 0.047 0.042 0.0058 0.0006 1.24 2.26 0.02 1.18 0.24 <0.005 0.03 0.0193 <0.003 <0.003 0.0010
B 0.23 0.047 0.055 0.0080 0.0005 1.21 2.20 0.03 1.15 0.23 <0.005 0.03 0.0188 0.003 <0.003 0.0010

S1  0.24 0.040 0.050 0.0080 0.0005 1.26 2.27 0.02 1.19 0.25 <0.005 0.03 0.0197 0.003 <0.003 0.0009

S2  0.24 0.040 0.050 0.0080 0.0005 1.26 2.27 0.02 1.20 0.25 <0.005 0.03 0.0202 0.003 <0.003 0.0009

product  S3  0.24 0.040 0.050 0.0080 0.0005 1.26 2.29 0.02 1.20 0.25 <0.005 0.03 0.0202 0.003 <0.003 0.0009
S4  0.24 0.040 0.050 0.0080 0.0005 1.26 2.31 0.02 1.18 0.25 <0.005 0.03 0.0201 0.003 <0.003 0.0010

S5  0.24 0.040 0.050 0.0080 0.0005 1.26 2.29 0.02 1.19 0.25 <0.005 0.03 0.0199 0.003 <0.003 0.0010

Pl 0.25 0.040 0.040 0.0080 0.0007 1.25 2.26 0.02 1.18 0.25 <0.005 0.03 0.0204 <0.003 <0.003 0.0009
Conventional 4 44 08 0.8 0.008 0.002 0.6 2.25 0.04 0.9 0.20 0.006 0.05 0.0090 0.004 0.004 0.0014

disk
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Fig. 4. C??“‘?uous cooling transformation curve of the Fig. 5. Relationship between AFATT and aging time of the
trial disk. trial disk and conventional disk steels.
Table 5. Mechanical and impact properties.
Tensile test (R.T.) Tensile test (440°C) V-notch Charpy
portion 0.2%Y.S. TS. El. RA. 0.2%Y.S. TS El. RA. FATT Absorbed energy
(MPa) (MPa) (%) (%) (MPa) (MPa) (%) (%o) C) RT) O
P1 790 916 206 63.0 635 722 197 741 +10 99, 83
P2 792 912 208 640 638 722 187 718 —6 120,148
P3 782 909 206 659 634 718 187 741 —27 167,153
P4 771 899 215 677 626 710 196 730 —40 170,181
T 250 . T ; Temperature (time to rupture 10° hrs) (°C)
E A
o 350 400 450 500 550
= 1000 T T T T T
. 200 f , i
V4
AN trial disk /Q_ conventional disk
V: center portion 9 center portion
& /
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2 100 A o Surface Y o [
2 & @
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= Center * < -
. 50 i 1 1 v
-50 0 50 100 150
Temperature (C)
Fig. 6. Fracture toughness transition curve of the trial disk 100 F
and conventional disk steels. ) ) ) 1
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T : temperature (K) , t: time (h)

Fig. 7. Creep rupture strength of the trial disk and conven-
tional disk steels.
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