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Effects of Aging Condition on the High Temperature Properties of
Precipitation Hardened 15Cr-26Ni-1.25Mo Iron Base Alloy

Synopsis :

Katsumi TLIIMA, Norio YAMADA, Yutaka Fukui,
Seishin KiRIHARA and Ryoichi KANEKO

Optimum aging condition suitable to large parts made of low carbone low titanium 15Cr-26Ni-1.25Mo
iron-base alloys was examined. The alloys are beneficial to making rotors for ultra-super critical steam

turbine for gegerator.

After solution treatment, the alloys were aged at 740°C for 1 through 64h, or 700

to 780°C for 16h. The experimental results are summarized as follows.

1) Aging at a range of 720 to 780°C for 16h yielded spheroidal 7’ particles.

But, after aging at 780°C

for 16h coarsened ¥’ particles precipitated on the grain boundary.
2)Superior tensile properties were resulted after aging at 740°C for 16-32h or 740-760°C for 16h.

3) Creep properties at 650°C were affected by aging temperature.

The long-term creep strength was

hardly affected by the aging temperature in the range of 710 to 760°C for 16h. Creep ductility was
significantly improved with elevating aging temperature up to 760°C.
4) Low cycle fatigue strength at 650°C was not affected by the aging conditions when tested under

constant total strain amplitude in this work.

5) A drum with a weight of 4.5t was produced and solutionized and aged at 740°C for 32h. The test

pieces were cut from typical four locations of the drum, and creep tested at 650°C.

It was confirmed that

dispersion of creep strength with respect to the location was negligible.
Key words : alloys for elevated temperature survice ; aging condition ; tensile ; creep and fatigue strength ;

rotor for ultra-super critical steam turbine.
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T I TAERIETE, K C, & Ti @ 15Cr-26Ni-1.25Mo
Fe XA E0RRSTICRITTEMEEAED ) 5, vV #H
OFTHEENCEEEE T LRI o S BE L 2.

2. HEMRURRE &

2-1 it

ek DAL M % Table 1 (R ¥. KA 2
15Cr-26Ni-1.25Mo Fe #4& & @ JIS # 44 : SUH660
(Ti=1.9~2.35wt%, C<0.08wt%) I2H~<Ti %
¥ 1.8wt%h, CE&% 0.02~0.04 wt% IZ1%i% L 650°C
B B LAMBTH D, 72, ToRER
TiC 12ALFE 2 A B I A 650°C Nk & RIS &
BT LD THI LIRS, TS0
HFRBEZAREIL Y VOR T VEEBEICLY AR
L, HE 60 mm, E& 200 kg FLEEDHCRICEE L 7-.

980°Cx 3h

740'Cx1-64h
Alloy A / \ / ; ; \
980Cx 3h

' 700~78Q°Cx 16h
Alloy B

Heat treatment

BAHE O L EEIEE A (BBILiRE 8
855°C)" KU 7 Ml (BIELEEE : £ 915°C)7 »EE ¥
% 980°C X 3h RFFE KGO —ESM L Lz, B
12 740°C TR OA % 155 64h £ TEL2E S
WM (ASEHH), BLU, REEE—T0L LY
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) oo 8ER L 7. BFHLEBEEOGHIZVTRLEE
L7z LEORWNAE% Fig. 1 IIRT.

2-2 RBH&

FlaRAER X 20 X OF650°C, E /-7 — FHMTRAEI
650°C DK TER L 72, SREHY 1 2 VIERERIE
BEIE ¥ — R 57 B % FV aABRIRE 650°C I
Tir» 7. O AETIREMB = AKKE, 073
AEEIX 0.1%/s ~F & L7

FlERY ROEWE 2 ) — TREBICIE, EE 6mm, 1T
H 30mm OAEREF ¥, YR Y- THERIZIEIR
KEZE 6 mmV RIRVIKAERN (Fig. 10 28) 2, /2
R ITIE, EAE 10 mm, REAEE 15 mm OHER
B w7,

51, NFEMERVPFI AN F—SHX LR
(EDX) f+ & Z BRI E T SMEE (TEM) % HvlligBs
B UOH B ORIE 1T - 7.

3. RBRERLZORH
3-1 BEMOMBEICREIHFIAEOLE

Fig. 1. Heat treatment conditions of alloys
studied. Fig. 2 1 650°C ISR ICRITTRERNRE OB %+
Table 1. Chemical compositions of alloys studied (wt%).
C Si Mn Ni Cr Mo v Al Ti B
Alloy A 0.039 0.36 1.23 25.79 14.95 1.22 0.31 0.24 1.79 0.0023
Alloy B 0.024 0.37 1.25 25.79 14.95 1.24 0.31 0.22 1.81 0.0026
A 286 =0.08 =1.00 =2.00 24.00-27.00( 13.50-16.00 | 1.00-1.50 0.10-0.50 =0.35 1.90-2.35 10.001-0.010

Process : VIM+ESR Ingot weight : 300 kg
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Fig. 2. Effect of aging temperature on
tensile properties at 650°C in Alloy B.
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Fig. 3. Effect of aging time on tensile properties
at 20°C in Alloy A.
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C IR ZRMOBEES O E IR % E LR, Wi
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[Measured] Niz Al hkl
2.063| 2074 [ 111
1.810(11.799 { 200
1.258! 1.265 | 220
1.080{1.078 | 311

a: 7’ particles after aging at 740°C for 64 h b : Dark field image of area of foil showing a ¢ : Electron diffraction pattern

Photo. 1.

Electron micrographs showing 7’ particles in Alloy A.
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a:720°CX16h b:740°CX16h c¢:760°CX16h d:780°CX16h e:780°CX16h
f : Diffraction pattern of grain-boundary precipitate shown in e

Photo. 2.

7" morphology in Alloy B after various kinds of aging.
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Fig. 5. Variation of stress range as a function of
number of cycles in Alloy B tested at 650°C.
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Fig. 6. Effect of aging temperature on creep

rupture time in Alloy B tested at 650°C
under 451MPa.
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Fig. 7. Effect of aging temperature on creep

rupture properties in Alloy B tested at 650°C.
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a:710°CX 16 h, tr= 13394 h, 6 = 245MPa
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TAHADRERIRBYTH. FOE, 760 KU 780°C B
WOBE 7 ) — THRTRENE L CERT L2 b0 &S
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A 30nm 12725 LEBEEBAIL. 20 Ers,
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30nm (CET L LREEENELIEHAL, FIF—ED
KEZIZLZBIEEZRT. KRIZ, Photo. 3 L NHEHH
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SETHER L 2B % 650°C T U —TREEL -k &
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faM L oo R LA. LD o, 21—
THORHIZED y¥ HIBRETAb00, F0OBREE

b :740°CX 16 h, tr =11460 h, ¢ =255MPa
Photo. 3. Micrographs of alloys creep rupture tested at 650°C after various kinds of aging in Alloy B.
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Aging time at 650°C (h)

Fig. 8. Dependence of 7’ precipitates-coasening
of 15Cr-26Ni-1.25Mo 0.023C-1.54Ti alloy and
the mean diameter of ¥’ in alloys creep tested
at 650°C.
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TRETHAH., /2, RREMD 2 ) — THEEHEE & B
WrEM: & D /3T » X % F 2 USERRNIRAE I 740°C & L,
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¥ 7o 2 OB OFRFRRIE, REBERIICE S FEE L4
HEBDHORME16h 2HETLOBELR L EZ S,
3-3 FREO—RIZLIBRDOBRE

FZ 4 (Drum) BEE 4.5t OB — & 23k L,
FEREBMEGERIEL 2. AU — ¥ I3 EZEEER R
LNRBL-EBHBEH, TL 27 MO XS FHRBET
BEsh/. ATy VEEWIH 8t Tho7:. Fig. 9
TR PE AR N L 1%, ZJRPE L LT 980°C X 16 h

727
,<—————)

B

Bottom §
Sy
667

2017

242z

Top

725 625

Unit:mm
Drum weight:4.5ton

Fig. 9. Geometries of the trial rotor forging.

RFEEBEHOBEBLLE L ERL, =512 740°C
X 32 h RIFHREG ORFRLE %17 5 /2. BEERYLEE O
FAimEEIEH 30°C/h LT, £ -4 HBEE 30T
(Center core) i CT#) 185°C/h TEM AR T — ¥ 448
FELEE L. Z20%, FOILEZRIL, Fodkg
(Middle), b v 7l (Top side), K + 2 ffl (Bottom side)
B U EE S (Radial body) (Fig. 10 288) 044
TN SO L BRI 2 BARBEL &
b2 Table 2 1Z7R$. Ti 25K b 2ANCH~R T » 7HIK
UHEHTRVWER R T 00, FhAloMIzE
BEHEALWE L. 7, 5I5REME TiBOBW T »
TR TRREEE %R L7, BT R OB D i3 3071
DHFLER D EAL IS Vb DD, Wi BiE
EEWE LA 28, FOILEARSEOKRRE I
M—TdY, FEBAEDEORITOBE S h i 5 1.
F7:, WALICKAD 2 ) — THRHRE D Fig 10 (258
T EIITAEL, 2D, 650°C 10°h 7 Y — FHERTEE
(789 A= — 12X BHFE) Ty R BEED

Table 2. Variations of chemical composition and tensile properties as a function of sampling locations

in the trial rotor forging.

Chemical composition (wt%) Tensile properties
Location c S Mn Ni Cr Mo v Ti Al B By (B (B (5)
Aim £0.04 £0.40 1.00-1.40 25.0-27.0 13.5-16.0 1.00-1.50 0.20-0.40 1.50-1.80 0.15-0.35 0.003-0.008| 2895 =551 =12 =15
Cf“M‘ied“dfg)"e 0.03 0.27  1.29 26.41 14.88 1.19 0.33 1.65 0.30 0.0048 911 608 13.9 15.9
C(fr“;;gi“;:f 0.03 0.26  1.30 26.46 14.80 1.18 0.35 1.80 0.31 0.0058 972 641 21.7 26.0
(gg't‘t'g;cs‘;sg) 0.03 0.28 1.31 26.14 14.80 1.18 0.34 1.55 0.35 0.0047 902 556 24.8 29.6
Radial body | 0.02 0.31  1.18 26.38 14.71 1.16 0.33 1.88 0.23 0.0031 938 616 21.7 25.1

gg : Ultimate tensile strength at 20°C

oy:0.2% yield strength at 20°C  E!: Elongation

@ : Reduction of area

- A .
= —{, Q| E
80 s &)
6001 Notched Notched specimen(mm) -60 §
__S00r 4502
g woor S {u0=
— 300} / 430
" Alloy B aged at 740°C for 16h
g,) 200 Center core C O -20
5_; ': BV
T O
ﬂ;;i;:émgg;b Radial body R A A '
100 Bottom L Top 1 ot 650 Cl 10 Fig. 10. Creep rupture strength
10 10? 10° 104 of the trial rotor forging shown

Time to rupture (h)

in this figure.
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Weight 7.5t
Photo. 4. Large rotor forging for ultra-super

critical steam turbine made of low C, low Ti
15Cr-26Ni-1.25Mo iron-base alloy.

Diameter : 900 mm  Total length : 6 530 mm
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T Photo. 4 IZRYTERBEo— ¥ 2/EH L, —EMIcb
-5 EERERICH L 2. KBOBRIBREFTHY,
650°C BHBEEFRIE T — ¥ ICIREOME R BB Mt %
BMHATELRALAELNT .

4. #&

15Cr-26Ni-1.25Mo Fe it #4 & &0 WiRAE I KIT
TERALE S 0 B2 2 IR E 700 205 780°C, fNZLE:
B 125 64h 0#BETHRIL, LToRKREEL.

1)EERNRELE C 2 A eV, RINO v HHddkk

L 760°C BE3h#f O IR F4EE 24nm TH o7z, LD
L, 780°C MLEEAF DRIFAC KR L L7zat v MBS
2, Wi, BISRM S KU 650°C 7 1) — THERIGRE &
FLIET L.

2 B RhEE#IE AT 710 5 760°C DA, B
) — THERTRE IR Ab00, D IXER
EASWIEERFCh-72. 72, EERM (B 10*h)
Ty — THE L MBS S h v HOTFIRT
i 33~34nm Th 0, BRI LT I3IE—EE
inlL 7.

3)WH, BlEsME, 650°C @2 ) — 7HRTHE R
BO LD Y AOET, BB 740°C 4984
Tha, T, FEEBEICIOTRELBEXEA
HEE 16h ZDREIERFTLLEND 5.

4)YF72EBEEHAStOFHBu— ¥ 2 (EL,
740°C X 16 h BB &M L 72, RFffEu— 5 O
MEMHE R, wThd BIEEEZ R LIRE L B
SN EETHA I EFRE L.
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