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Effect of Lowering Si on the Properties of 1Cr~-1Mo-V Casting

Yoshitaka IwABUCHI,

Synopsis :

Tomoo TAKENOUCHI,

Takehiro M1yaAMOTO, and Tetsuo Fujrta

Effect of lowering Si content on the porosity frequency, rupture strength and weldability of Cr—Mo-V
large castings for turbine casing and valve was investigated, using large test specimens taken from valve

castings having low and high Si content.

The results are summarized as follows.

(1) Deoxidation of low Si cast steel is achieved completely by 0.1% Fe~Ti addition.
(2) Low Si casting has no inverse V segregation and small amounts of porosity as the resulis of fine

dendrite structure.

(3) There is no difference, between low Si and conventional Si castings, in hardenability and strength

at ambient temperature to 566°C.

(4) Creep rupture strength is improved by lowering Si content.
(5) Low Si casting possesses better weldability concerning cold cracking and reheat cracking than con—

ventional Si casting.
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Table 1. Chemical composition of steel.

Stee! C Si | Mn P S Ni Cr Mo | V Ti
Low Si| 0.15 | 0.06|078 |0.010{0.012] 0.18 I.13 |0.97| ©.23|0.024
Conv, Si| 0.15 |0.31 |0.81 |0.010[0009]| 0.16 | 1.18 [0.95] 0.24|0.023

2EEL, BUb, BEVWKIDERLYHRETLIZ LI

A 58 £ 4 HFAREEBEARSTTCHRE WM 58 £4H 11 B2+ (Received Apr. 11, 1983)
* (KR BABAFTS@E/ERT (Muroran Plant, The Japan Steel Works Ltd., 4 Chatsu-cho Muroran 051)
*2 (Bk) B ARBMATEEEM/ERT T4 (Muroran Plant, The Japan Steel Works Ltd.)
¥ HEEEWRELS () TEE2FT (Keihin Product Operations, Toshiba Co., Ltd.)

— 104 —



ICr-1Mo-V R0 Mg ic 2iE 1% Si Lo R 255

IOTHEAN. Fio, #AM OB >V TRE RS
RE: (PT) ¥ T OREEERER (MT) % JIS G 0565
CH TV, 3mm P koA vF i r—va VERE
L. Xbiz, =7 AT EMEL a7 ve=
AW CIBARL CEE L. BROVTR LOFRE =L
X B EHEMEZRE 4950mm  OfEEAAM Ofis ks
YOS B L 2R EHC D\ T T

HEMABI EE, AR 1/4 (1/4T)  H LOdh
T SR L3R A, 74 4 — VR X5 HFHEY
BRI L H — A v v 7 U e X AR TEBEEEC
Lofrot. cocLr 7Y hofERITRABOBRICIE 5
%7 VERY1% WEET V2 — A, ik — R VR

) |

l
Head Head
Test Material
920 600

A

1000

2476

o=

1225 (mm)

Fig. 1.
material.

Casting design and location of test

General view of the casting in the
as-cast condition.

Photo. 1.

1050°C

720 400 0" Fan
a50°c ool

oh sh | RSy i3h

DR Ec Iz 20% EERT v a — Ak v e A
%3 Formaster i X h ER L7z, & & T &4 # 1
1050°C x 15min & L 7.
2.3 BIEVHKTI Y —THHEHR

et o HR O E L OERE D HEER L 223k VTS
BoERER L0 7 ) — TR AT ok, Bk
1A VA e yRIRERENC X b, iR 5 566°C &R
fE ot & TELEEIL 0.5% £4 % T 0.3%/
min & U7-. 7 ) — 7L 550°C-30 kg/mm?,
600°C-20 kg/mm?, ¥ X ¢ 650°C-11 kg/mm? D LA
otz Eioz V) — FHENRBEREORBRA 2 HVTR
(R =k - e TRy
2.4 HiEMRR

AEh X 08 SR ELMUEZ IR Y BHHEIR A
Eabds TOVEREBRA I X b thrhflELic. lE
P ERBT JIS Z 3158 i #EHL L, 4 mm ¢ BB CMA-
106 (wgRSl) % FC, FEERE 100~250°C D&R
JETRER L — FEERT, BERELIARLT 48
h$FEH% OB EmEIM R A RE L. SR BB 300°
~350°C > F B AMREICRT, AZE%R 13, 19
3 X0 28k]/cm 0 3 G Az C CMA-106 12 X b
3 AABEEL, BT CAEE 650°C k10 690°C
© 8h OBBE A FTo7-. SR EhEO RTE X EE ML
S, Y- FRBEHMEHE BEL, #ho
Ferk Lo 2 R WTE R (12) CERLTRD 7.

3. RBBRLER

3-1 HYDEsSY

Si iz EE e NIETHRTFEEZDRTE D,
TAYLORD B I3id&R BN R, D, SiBOMENE &
LB ARt RBL TS, F, &
LHLE SifbicfE o CARBEO MBI S D 2 &
RDHTER Y, a1 Brbhs ETFHEIRS. L
Lich b, ERESMAOXRENE I Photo. 1 1R X
518 Uhy BV SO ERXMTERDBRT,
KU P TS ST LogEEE~DBFE L
VRIS BY/ ) o

BEAM D FB R ORI BRI L 7RO 2%
B, BREIENED PT 1 vF4r—vavieb»®

710°C

Furnace

rnac Fig. 2. Heat treatment employed
[+]

13h for castings.

— 105 —



256 & L W 70 4 (1984) 2%

- 200
aisor S : Surface Low Si (
C: Center Conv. Si
* S 60 150}
. ot00- N & 5 s
] § \ i 5
£ \ % % 40 5 |00
§ N N - 2
£ | NN £ :
© 0.050] § % a s
§ § 20} 5ol
% § Fig. 3. Effect of Si content on
o N :\~ soundness.

NCEEHOREAE L TAELLEr YT 4 Chh, BER
o ER L, BAT TR D BT o,
Ke 7 4 OFRER LT HE Si bR FRirBEE
Ho, PT 1 vFir—vavofElut 1/3 DT ic &
LTS,

R OB T R 5 < 7 w #fk% Photo. 2 13
3. Photo. 2 BB X 51, ¥ SigHCILERD
HoBEDK 1/4 X oI VIR ARy b 23 B
RRECSERHOLN DM LT, ESITIEE 0 X
S5IeBRA e FEEE T, BVIRENSHEL TS,

— I, B VAIRPTCRBREDE B D B\ KR S5 o B
BRI, BIEB#AI FLET A8 T E» b
FEL L 2BRERBCHIEIRIDTHD & v 5 3
B0 e 8T\ b, ZhETOHEN S, #VIEN
ZINHEIT S ek (1) BREFTHE O AL & BRI
EDOBEEENPELL, AR UICBLEEOEERTEC
WORFLEEERETLA M) —2RELK L QT
5, (2)FV P4 buEELTS 0L ZRE
T3) CElXY, FYFIA rEloBIEMMNA Y

Transverse
g Dot —JERELIRC LS b5y T TBE AR L
bhb.
BALBMOLER, Vi kRO ckxhs.
Vi=a(Cs) + B(Cs) T+£\ylmcli‘.................. (1)
2T a(Ci)=art+a,Ci, B(CL)=F:+pBCL & LT
Photo. 2. Macrostructures of transverse section FTIENTE, a, ay B, B 0i:ﬁ§ﬁ'@%5- Ci ik
of low Si and conv. Si castings. Fe-C ROWGHIERE, 71 X1 KH0ABELERE,
L Fe-i RToORMBETHS. IbK, Ci, CL %
& MT AT 1y —vavofifr Fig. 3 Wit o7y ¥54 r MoREBRRHOBRERE T(°C)
MRHEL 35~50ppm, FAFEBAEHOEREILIZ 1 2hLXD0 X5 IRIN5.
i 0.10% Th by, WA THEEREEED bR, §=CS/[1— (1—kS) fs] wwrerevremreeremrerienene (2)
T, NEYOBEIC O\T RS LK SigHTit TiO, ,
BERTHBOER LT, @ Si Tz S0, R {=C§,/(1—fs)"°'1 e (3)
Wi 108 TiIN RINEYHED Dhte. chboz L T—1538— 3 &C} Y €
i=1

b, & Si giT% 0.1%Fe-Ti oiinc X v 4 i ik
XhBDZ Eabnot. PT 4 vF 4 r—v 4 Vitd 2T G i CowRiEeEs, Cl i msoWiEE,

— 106 —



1Cr-1Mo-V MO BB IC BIET1& Si Lo R 257

Photo. 3. Scanning electron micrographs of the dendrite in low Si (top row of pictures) and conv. B
Si casings; (a), (aa) : 0.2C steel, (b), (bb) : 0.3C-Cr-Mo-V steel, (c), (cc) : 0.15C-Cr-Mo-V steel,
(d), (dd) : 3.5Ni-Cr-Mo-V steel.
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Fig. 4. Difference in density between original
and concentrated liquid of Cr-Mo-V steels.
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Photo. 4. Optical micrographs (top row of pictures) and transmission electron micrographs of Cr-
Mo-V casting; (a) and (aa) surface of low Si steel, (b) and (bb) center of low Si steel (c) and
(cc) surface of conv. Si, (d) and (dd) center of conv. Si.
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Photo. 5. Carbon extraction replicas of Cr-Mo-
V cast steel in the as-received conditions (top row
of pictures) and subsequent to rupture testing at

600°C; (a) and (aa) low Si steel, (b) and (bb)
conv. Si steel.
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