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Development of Advanced 12Cr Steel Rotor Forgings

Masayuki YAMADA, Osamu WATANABE, Youmei YOSHIOKA and Maisuo MIYAZAKI

Synopsis :

Effects of W addition, Ni and C contents on tensile properties, toughness, creep rupture strength and
microstructure in 12Cr-Mo-V-Nb-N steel rotor forging were investigated, using specimens with various

amounts of W(0 to 1.24wt%), Ni(0.40 to 1.35wt%) and C(0.12 to 0.19wt%).

as follows.

The results are summarized

(1)Creep rupture strength was remarkably improved without the decreasing of toughness, by the addition

of about 1%W with lower C and higher Ni contents.

(2) The improvement of creep rupture strength in advanced 12Cr steel is mainly caused by the depression
of dislocation recovery and the formation of sub-grain structure during creep deformation brought from

solid-solution strengthening by W addition.

(3)Trial rotor forging was manufactured based on the above basic research work, and it was proved that
this forging had improved creep rupture strength and was satisfied enough with the mechanical properties

and quality as a turbine rotor forging.

(4) Also in the turbine blade and casing materials, it was proved that the creep rupture strength was
remarkably improved by modifying the chemical composition similar to rotor material.

It is expected that the advanced 12Cr steels obtained from the above R&D are applied for rotor, blade
and casing in the future 593°C ultra-super critical turbine unit.
Key words : advanced 12Cr steel rotor forgings; creep rupture strength; toughness; rotor; blade; casing;

ultra-supercritical turbine.
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CONVENTIONAL ADVANCED
STEAM STEAM
CONDITION CONDITION
16.6, 24.1MPa 31.0MPa 34.5MPa
538°C 566 °C 593°C 650°C
Superalloy
Adv.12Cr
steel
12Cr steel
CrMoV steel
Fig. 1. Steam condition and applied rotor

materials.

7210718 = - iy TS OWMEE RN T .

2. NREBREMEEV -0 2 ORRRR

2-1 KBGE
2-1-1 fHEAH

st o b2k % Table 1 1573, 38 No. 1 4,
BAE 12Cr #o— s MK TH O, #H No. 2~No. 8 iF,
C, Ni DEHEX*#h®h 0.12~0.19 EE%, 0.40~
1.35F8% wifbsd, SHICW%0~1.24E8%
OHWHETHRML CEHEREBIFcZNRZEh 50kg IR L
AN THD, TOFEMIZ 12U, 3S DEERITo 7
%, 1100°C CHREBSEMEM L L 2. KIS, EEH
1200mm¢ » KB o— % b L EAHY O M AN
(1050°C X8 h—100°C/h %) BXUBED & L (570°C
X10 h—4F#, Dk 640°CX30 h—IFH) T L 7.

2:1-2 EERHE

BALIE A L -t e o &, 1% B+ E2 ) VR

TUa— VBRI XD FEMBEBE AT 2. T,
HEERAR & 0 BRERF R ERELL, 5IRAER, ¥ v VE—HE
RERB L7 ) — THEWTAER T ML 7. 5 aRAERIE,
F4TER 6 mm @ JIS 4 SHE/NHBERABERF ZHY, 5t D
A— b7 7RBBICLVERTIT 7. e VE—TF
BtE Y JIS4 BV /o F Ly VE—HBRABH %
vy, 0°C~150°C DiRETHEBT H o LItk Dy, HE
IANF—BIUHAEBRRE (FATT) 2K/, &
512, 7 U — THMRAEE, FATE 6 mm DI
AV, La—R 3t 7 )— TFTHREBERICKD 600~
640°C DIRETIT-7:. COBRE*IF—V 3 F—
19 cEH L, 593°C, 10*h MEE T KD 7.

Kz, K No. 2 (W) B LU No. 4 (0.92 &
B% W RN O 2R BIIoWTI}, ZOBMEKETH%
B XU 640°C, 147MPa D &#T 2 U — T BRA
No. 2 & 352.3 h AT, 3XF No. 4 ik 1970.4 h B#R)
R REECHEEIC X A ERETHEMERE 2TV,
Wik o EERY 77 L 4 » OFRREFICRITTE
LR

F7, WikingEs2Zibs¢ 7348 No.2~No. 5 M 4
HEHI oW, AEBROMBBREFOEETLEO I
v, BAETENHMDBLIUOT ) v 7 AHhOE
EETREL /.

2-2 ERER

2-2-1 FIRB X UHERER

Fig. 2 12, 5IiBHE I KT W, Ni, C D8 2/RT.
BEEMEICRIZT A S ONROBEELFEBIREDON
oz, CEBHAMIVELVIZTEE, HT
BlEER X, WHAMR T+ 425, oy, &Y dmkLL.
372, RCHTWERMOBA, BAM L DFIRM S
< e BAs, Wilkins X 08 Ni #8812 X ) IR & F%
LLEDBsRM S, WhrEsni.

Fig. 312, Y v VE—HEHEICKIEFT W, Ni, C
DEBLYRT. WKkNEOWME & ICHEL AV F—
DIETBLY FATT O LHXRHR7. LHL, C%
0.12EE% I2Mx, Ni# 09EE% ICHRELAZL

Table 1. Chemical composition of the steels examined (wt%).

No. C Si Mn Ni Cr Mo \4 w Nb N

1 0.18 0.02 0.62 0.36 10.75 1.04 0.20 <0.005 0.054 0.059
2 0.12 0.02 0.53 0.94 10.63 1.04 0.20 <0.005 0.063 0.059
3 0.13 0.02 0.52 0.93 10.58 1.06 0.21 0.46 0.068 0.057
4 0.12 0.02 0.50 0.93 10.53 1.04 0.20 0.92 0.066 0.060
5 0.12 0.02 0.55 0.96 10.52 1.06 0.19 1.24 0.066 0.055
6 0.13 0.02 0.50 0.40 10.56 1.04 0.20 0.90 0.065 0.059
7 0.12 0.02 0.52 1.35 10.54 1.03 0.20 0.86 0.067 0.059
8 0.19 0.03 0.52 0.93 10.36 1.05 0.20 0.86 0.068 0.060

50 kg Ingot, Forging ratio : 1/2 U, 3S, 1100°CX8h, FC+1 050°C X 8h, 100°C/h CC+570°C X 10h, FC+640°C<30h, FC
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Fig. 2. Effect of W, Ni and C content on tensile properties.
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(a) and (b) As-received

(¢) Rupture tested at 640°C, 147 MPa
for 352.3h (d) Rupture tested at
640°C, 147 MPa for 1970.4 h

Photo. 1. Thin foil electron
micrographs of 0%W steel
(No. 2, (a), (¢)) and 0.92%W
steel (No. 4, (b), (d)).
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Table 2. Ladle analysis of advanced 12Cr trial rotor forging (wt%).

C Si Mn P S Ni

Cr Mo \% w Nb N

0.14 0.03 0.52 0.009 0.0024 0.73

10.36 1.05 0.21 1.06 0.07 0,0414

Ingot weight : 70 t, Drum weight : 20 t, Heat treatment : Quench 1050°C 0Q Temper 570°C FC+660°C FC

Photo. 2. View of advanced 12Cr trial
forging.

rotor
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Table 3. Tensile and impact properties of advanced
12Cr trial rotor forging.

0.02%Y.S.| T.S. Ee. | RA tmpact |FATT
(MPa) |[(MPa)| (%) | (%) [erergy (J)] (°C)
Surface
Radial 700.2 [919.9120.9 | 57.7 36.1 58
Center core

Longitudinal 718.9 (927.7] 19.6 | 58.7 35.3 47
(Ref.) Conventional 667 902 17 42 16 50
12 Cr rotor forging ~ ~ ~ ~ ~ ~
(Center core) 716 966 22 60 37 75

Sampling position of the test specimens

Unit : mm
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Table 4. Ladle analysis of advanced and conventional 12Cr blade materials (wt%).

C Si Mn P S Ni Cr Mo \Y% w Nb N
Advanced 12Cr 0.16 0.04 0.46 0.009 0.004 0.77 11.34 0.98 0.20 1.13 0.20 0.05
Conventional 12Cr 0.18 0.45 0.67 0.020 0.002 0.44 10.59 1.06 0.19 — 0.43 0.06
Heat treatment Advanced 12Cr : Quench 1120°C OQ Temper 570°C AC+650°C AC
Conventional 12Cr : Quench 1090°C 0Q Temper 650°C AC
~ 20 pE——
S L
4001 - ~ Z Center [oaO /ﬁ *
-~ ~. o~ o e "
& S *5) Y ~ OF[surface|eam| g~
s 300f \Al '2
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e
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s 60 Notch e X3
th | e—r\e— - L S 1 1
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1 [ I i . R
o727 235 27 25 26 27 28 Aging time (h)
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Fig. 7. Creep rupture strength of advanced 12Cr
trial rotor forging.
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Fig. 8. Long-time aging test results of advanced
12Cr trial rotor forging at 600°C.
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Table 5. Tensile and impact properties of
advanced and conventional 12Cr blade materials.

o Impact
0.02% v.S. T.S. en&r)gy F(f}gil“

ElL  RA
(MPa)  (MPa) (%) (%)

1038.6 19.3 59.2 32.9 42
1029.7 19.2 55.6 22.7 74

Advanced 12Cr 783.6
Conventional 12Cr 774.8
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Fig. 9. Creep rupture strength of advanced 12Cr
blade material.
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100+ &%h\
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Creep rupture strength (MPa)
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1 1
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Fig. 10. Creep rupture strength of advanced 12Cr
steel castings.

Table 6. Ladle analysis of advanced and conventional 12Cr steel castings (wt%).

C Si Mn P S Ni Cr Mo A4 w Nb N
Advanced 12Cr 0.12 0.23 0.57 0.009 0.004 0.93 10.23 0.99 0.19 0.82 0.10 0.06
Conventional 12Cr 0.14 0.28 0.54 0.006 0.004 0.55 10.05 0.86 0.23 — 0.10 0.04

Heat treatment Advanced 12Cr : Normalize 1 050°C FAC Temper 570°C AC+700°C AC
Conventional 12Cr : Normalize 1050°C FAC Temper 570°C AC+700°C AC
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Table 7. Tensile and impact properties of
advanced and conventional 12Cr steel castings.

0.02% Y.S. T.S. EIL R A Impact papp
(MPa) (MPa) (%) (%) e"(ef)gy (°c)

Advanced 12Cr 601.2 788.5 20.1 48.3 25.9 40
Conventional 12Cr 668.8 875.8 19.0 48.0 19.6 62

5 & -1

566°C ER Y — ¥V ICBWTEBICRBOEREEL A
T 5B M 12Cr-Mo-V-Nb-N i — # ¥ % X— 22, W
# 0~1.24 E&%, Ni ¥ 0.40~1.35 EE%, C %
0.12~0.19 BB % OHCEL s A B L BT, 5|
RME, HBEYUE, 7)) - THERE B X SRk
FAN, UToH2HL» L,

(1)W %% 1% #&mL, C of&mit, Ni o¥E%* -
HZEITEY, E-UCAMEET SEFICZ ) — THEN
BEATKIEICE LY 5.

(2)7 V- 7THEEEOKIBR X, ELLTWOD
EEwibic kD, 72— FhoEEEoOBERY 77
VA Y ORESHHIENL 7D TH 5.

(3 )RR LI, ERHEE (F2E
B 20t) oA 12Cr Mu— 5 2R EL, 5vwr—7
BWTREDER L, 00— % & L TLELZBMITEE R &
B T3 MR TEhI & ¥EREL.

(A)TVL—F#, r—> v Z#HiconwTd, oa—r &
FEDEZFHT, 2, FRFNRORTOBE+*EEBL
THEH B ZITV, 7)) — THREEE S RIgIcH LS %
T EERMERL.

LEOMEEREL VBN ZhFROLEA 12Cr
R A 593°C o BBEREK Y-y Hu—7%,
TL—F, ¥y— v F~OBABPFESNTVS.
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