Hrit R kA 15Cr-26Ni-1.25Mo i £8M O BIRMEE 12 RT3 Mo B UT V D5 1921

© 1989 ISLJ
1HI1711100111111107

T @ LAY 15Cr-26Ni-1.25Mo THE S0 “gipege
%Ymgﬁﬁ{c:&c i“v;— MO &Z}x“ V @?; 2 S8I I 1111101

FRETEE™ - ILHE#E@E" -\t &Y - mEEE T

Effects of Mo and V on High Temperature Properties of Precipitation
Hardening Type 15Cr-26Ni-1.25Mo Alloy

Katsumi IiMa, Norio YAMADA, Yutaka FUKUI and Seishin KIRIHARA

Synopsis :

Effects of Mo and V contents on high temperature properties, such as creep rupture strength and aging
embrittlement, had been investigated in precipitation strengthened type 15Cr-26Ni-1.25Mo alloy. Of test
materials, Mo and V content were varied from 1.03 to 2.00 wt%, and from 0.01 to 0.39wt% respectively .

The results obtained are summerized as follows.

1) Both Mo and V did not remarkably affect the tensile properties at 20°C in the above mentioned range
of contents.

2) The highest creep rupture strengths were obtained at 650 and 700°C, when the Mo content was 2.00
wt%. The more marked effect of Mo on creep rupture strength was observed, as the exposure time and
temperature increased.

3) After aging at 650°C for 6 000 h, the Charpy absorbed energy was decreased with increasing Mo
content. In addition, the morphology of the fracture changed from the transgranular fracture to the inter-
granular one in the alloy with higher Mo content.

4) The aging embrittlement at 650°C seems to be caused by grain boundary precipitates, which mainly
consist of Y phase (MosCrgFe,s) in the higher Mo added alloys.

Key words : precipitation hardening 15Cr-26Ni-1.25Mo alloy; high temperature properties; aging
embrittlement ; alloying elements; grain goundary fracture; X phase; ultra super critical steam turbine
rotor.

boTH—A7TF+ A MR

AHESAASTEE ShTtnb, FHE

1. ¥

I AN F - OB AKFEOFHCEAETIE, AHies
REREE LT, AMRBZAVF-—DORERVEE S 7
Y OBRHEASHERE STV D

FO—EELT, “‘ﬁ""‘%?77/ b x B, BELL,

REDELUECELMBBRIE Y -y PRET ST
By, BREURLVCARNEOE»6KE HRFENEFLE S
nTwi

AEFFEE, 0 bERSEHEORD AR % 650°C/
34.5 MPa (352 kgf/ecm?) A% — ¥ ru— % —t M

il

TAH5DTHA. ZTOEFHEEL LT, SinEELS

KEGBILOBE L SEKO< VT 44 FRHEHA

SdEHMoFR Ty, RVAZELELLNS 15Cr-
26 Ni-1.25 Mo fif 248l (A286) %% & L, MEHAFMEIC
P THEMTEOHE LWL I LT E YD,
ZOHT, ¥—V MEERTRERRMER SRS
FEEL D, REMMEAZLOMMEHERT A1, K
ERUTIEZFRFN 0.02~0.04 wt%, KU 1.5~

1.8wt% (2L, feskpriclk~KonfEe +~N&Z & %8
S LY. —7, ZokRFEE, RIWERTE
ORMEBICEE Y RITTIEATFEEIRS, 22C, K

BRIz B W TiE, ZOSE8M 15 Cr-26 Ni i #50 %
NR— 2 2GRS RIET, Mo RUVOREKET L
7.

BEFI 61 4 10 A RSBHEAKICTRE TFHICE 1 A 23 HEZfF (Received Jan. 23, 1989)
*  (Bk) H 7 BYERT H SZAFZEAT (Hitachi Research Laboratory, Hitachi, Ltd., 3-1-1 Saiwai-cho Hitachi 317)
*2 (k) HILBERTH LWFZERT L& (Hitachi Research Laboratory, Hitachi, Ltd.)
*3 (BR)HILBMEFTA LY, T (Hitachi Works, Hitachi, Ltd.)

— 107 —



1922 % & WM 575 F (1989) H10%
- . . 2:-2 EBREE
2. BAMRURRYE BIARERER I 20°C, /-2 U— 7TREE 650 RO
2-1 gt 700°C D& BETER L 7. e CEE E 650°C 12

BEAM DAL & LB S E % Table 1 127”7,
AHEFH 12 15 Cr-26 Ni-1.25 Mo fif 2458 > JIS M 2441 :
SUH660 (Ti=1.9~2.35wt%, C=<0.08wt%) 2t~
Tig%#H 1.7wt%, CE% 0.02~0.04 wt% (KK L 7
SEERBRELEMBTH S, Mo id 1.03 256 2.00
wt% (JIS #1:0.10~1.50 wt%), V& 0.01 » & 0.40
wt% (JIS #1:0.10~0.50 wt%) D#FATHRML 7=, &
HEIH S5, HEAEIX5~6 Tho7e.

A, EEFEEMECLIVEREN Skg D1 >~
Ty bEREBL, ZOHKY 26 mm O HERIZEE LIE
B

BRALER L 980°C X 3 h PrEFR 22 O BEVELALER & E i
L 721, 710°C X 16 h AR¥FIL2S G ORFRPILIR % fi L 72,
HHEEIEBARM o -y —Hodh LM HEEL,
80°C/h & L7z,

T, & 6000 h MEMMEAL 2K, Vv VE-HE
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I24&, JISZ2202-4 SR BRI (V) »F) TR,
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Table 1. Chemical composition of alloys studied (wt%) and heat treatnient conditions.
Charge No. C Si{Mn|Ni|[Cr |Mo V |Al|Ti B
Heat treatment
1 0.02]0.4711.34}26.14 15.05 1.3110.01{0.22] 1.70 ] 0.0045 080°C, 3h
2 0.0210.47]1.35| 26.06 14.94 1.31]0.22}0.23|1.70] 0.0057 710°C, 16h
3 0.02]0.45{1.34}26.09 14.900 1.32]0.39}0.25{1.70 | 0.0049
4 0.02]0.50|1.37126.23 15.04 1.03 | 0.40( 0.23 | 1.67 | 0.0046
5 0.04]0.34]1.31]25.94 14.9d 1.58 ] 0.30 [ 0.18 | 1.70 ] 0. 0060 80°C/n 80°C/h
6 0.04(0.38(1.27 | 25.79 14.94 2.001 0.31|0.19| 1.63 | 0.0035
Process : Vacuum induction melting  Forging rate : 5 Ingot weight : 5 kg
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Fig. 4. Effects of Mo and V contents on toughness after aging at 650°C.
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a,b:4 (1.03%Mo), Creep rupture 2 829h

c,d:6 (2.00%Mo), Creep rupture 4 979h
Optical micrographs of alloys crept at 650°C and 235.2 MPa : showing cellular
precipitates at grain boundaries.
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Photo. 2. Transmission electron micrographs of alloy crept at 650°C and 235.2 MPa;

showing cellular 7 phase at grain boundaries.
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a:4 (1.03%Mo), As heat treated b:4 (1.03%Mo), After aging at 650°C for 6 000h
c:6 (2.00%Mo), As heat treated d:6 (2.00%Mo), After aging at 650°C for 6 000h

Fractographs of Charpy specimens fractured at room temperature 20°C.

Photo. 3.
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a: Brigh field b: Dark field (721 X reflection) c¢: SAED pattern d: SAED index
Photo. 4. TEM and SAED analysis of precipitates at grain boundaries in alloy 6 crept

at 650°C and 235.2 MPa.
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