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Creep Rupture Strength and Microstructure of Low Si-12Cr Heat

Resisting Steel

Synopsis:

Ik-min PARR, Kentaro ASAKURA,

Toshio FUJITA, and Juro WATANABE

The beneficial characteristic of vacuum carbon deoxidized low-Si steels, in which macro-segregation
in large ingots was hardly observed, was applied to a 12Cr heat resisting steel. The studies on the
microstructures and creep rupture properties for a low Si-12Cr-1.5Mo0-0.2V-0.05Nb steel after various
heat treatments were carried out. The creep recovery process, the precipitation characteristics of
M,3Ce, and the dissolution and agglomeration of the fine precipitates was investigated by the aid of
transmission electron microscope. Furthermore, the effects of prior tempering temperature and creep
stress on the microstructures and mechanical properties were also investigated.

This steel exhibits a creep rupture strength 1.4 times higher than that of the conventional super
12Cr rotor steels. The austenitizing temperature effective for the long term creep strength was found
to be in the range of 1050°C-1100°C and optimum prior tempering temperature was about 700°C.
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Table 1. Chemical composition of the specimen

(Wt%)
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Fig. 1. Creep rupture properties of the oil-
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Fig. 2. Creep rupture properties of the air-
cooled specimens.
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Fig. 3. Effect of prior tempering temperature on
creep rupture properties.
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Fig. 4. Creep rupture strength of various rotors.
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Fig. 5. Effect of austenitizing temperature on
prior austenite grain size and hardness.
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Photo. 1. Transmission electron micrographs showing influence of prior tempering temperature.
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Fig. 6. Tempering characteristics.
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Table 2. Precipitation characteristics.

Test condition Thin foils Replicas Precipitates
Stress [Rupture | . Lath Agglo- Prior max. in Tempering
T(corgg). (kg/| time m Eth boundary | merates | austenite | grain Stressed time Unstressed
mm?) t.(h) | (A) | (pm) (#m) | gb. (pm)| (#m) (h) ,
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]
550 | 40 | 1143.0] ~200 [0.15%0.05 0.1-0.25 0.2 |MuCeMX, 100 %,[’Igga Mz,Ce,
T3
38 | 3264.00 ~250|0.2%x0.2 | 0.3%0.5 M,;Ce, MX 1000 |M,,Ce, MX
34 901.0| ~100 | 0.1%0.05 MsCe, MX, 10 | MG, MysC,
7Cs MX
600 | 39 | 504.5 0.1-0.3 | 0.25 (MG, MX, 100 |M,;Cs, MX
T3
24 | 5688.00 =250 |0.25x%0.15 M,5Cs, MX 1000 |M,;Ce, MX
35 2.1 ~100 [0.15x0.05 ”‘:43w MX,
3
650 | 24 58.3 0.25%0.2 M,,C, MX 10 1\1\%233 MG,
20 120.0] =250 [0.2%0.1 [ 0.35x0.4] 0.2—0.55 0.3 |M,,Ce, MX 100 |M,,C,, MX
14 | 1732.00 =750 (0.25%0.15 0.3x0.4 | 0.2—0.65 0.4 |[M,,Cs, MX 1000 |M,,G,, MX
12 | 5424.0= 1000 |0.25x%0.25 M 3Ci, MX
16 6.6 ~500 | 0.2x0.1|0.2%0.3 M,3Ce, MX
700 | 8 408.0 0.3%0.4 0.3—1.0 | 0.8 |M,;Ce, MX
4 | 8699.0/=~ 1000 | 0.3%0.5 M,;Ce, MX
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R i 1 ¥
E DI B .
o head
R e gauge length 3-6 FHPWORTE
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Fig. 7. Effect of creep stress on hardness.
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Photo. 2. Transmission electron micrographs showing the precipitation of My;Ce.

(a) Dark field image
(c) Key diagram
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Fig. 8. Diameter change of MyCg in prior aus-
tenite grain boundary.
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Photo. 3. Transmission electron micrographs.

550°C: (a) 33.1h-48kg/mm?
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Photo. 4. Transmission electron micrographs.
650°C: (a) 2.1h-35kg/mm? (b) 58.3 h-24 kg/mm?
(c) 120 h-20 kg/mm? (d) 582h-16kg/mm?
(e) 582 h-16 kg/mm? (f) 1732h-14kg/mm?
(g) 1732 h-14 kg/mm? (h) 5424 h-12kg/mm?
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1732 h-14 kg/mm? =7c%5 & Photo. 4(f)~(g) ©  TRERCPETREAR 0.1~0.2pm EECHEE LK
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Photo. 5. Transmission electron micrographs.

700°C :
(c)

MG B BIEE SN D, & ORI O AT IZHE B S O
B34 < Rbh, BTz v b5 2 F OENSEHNORK
TFEEERETCOLET b0 S, HiERLRE% Photo. 4

(g) & Photo.4(d), 4(e) THi35 &, ¥ 20~30 £
WHAE LTk Y, BEBED BIRL V5. Thob
b, ORI D BT EE D D\ i —ETE
WROBEE R T, FHRti i oTHRRE L oK
T 5. A

Photo. 4(h)i% 5424 h-12kg/mm? TH 573, 1372
hpf &5 &, X HIEBMEE O & SN
DK R BRI B. Lo LRI DTk & 7t
BIZERD bhishore.

3-7-4 700°C 7rHF o> BRHRE Rk

408 h-8 kg/mm? jZ 3\ »Ti% Photo. 5iz/Rk-4- X 5 7oHi
FEARL 2 Bigk S h 323, Photo. 5(a) DR EENE
<, BWEB/NIWHHEEE, Photo. 5(b) DI FEIE
<, WEOKERBEREMBEL TS, ZHIERRA
DREHE AL TAE—BEIET LTS Z EER
THLOTHAH. EEOEEL 650°C Df) 5000h 1@
YL Tw5b., 8699h-4kg/mm? /% & Photo. 5
(c)TmREND X 57 AL Uic EFEANS B h
5. BT R Bk D MG, BT MX &
—HCRB LB B LI DRE LS.

Bk, 7V —Fhrekid 820 (BEEE) X
OB EEE (LY LM 25 2 — 2 TEM32% L Fig.
9~10 X 51cicn. Fig. 9 (a)ixgiised & Lo
B (L. M.=21.5) icf244%. =AF vHAf D5 A
PIERE 100~250A o#EIFTHS O v = v 78R X
DTUHRBMBE (~2.5x101%m~2) B3R I h 5 729,
B2y — SERERT.

Fig.9 (b) X #E3 & LA (LM=23.5) cHH4 L,
WHh A A P 7 PRI O THE LI LD 5. &
DEPENDPEL EL=AT v A b - 5 AN OEEAE

(), (b)

408 h-8 kg/mm?
8 699 h-4 kg/mm?

Fig. 9. The model for the creep recovery mech-
aism of 12Cr-Mo-V-Nb steel.
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Fig. 10. Dislocation density change.

B Liz U 528, Mo, V, Nb ok 5 ik niE
=R L FBREVCTRODKBILERF L2 TH A
YL F R B, BAEEE (~2.0x101%cm-2) o
WAL BRI B@EEACHD. KMOBE, 7V —7OE
Pefb= & 13 95~100 keal/mol ¢ o7, HHEMo
A ILEGE IS & # % 7o Lipsitz-WAGNER D329 1
5L, PERTERE (x) 13 a3 TREh 543, 550
°C~600°C DL JI T CORMOBL A1 xocst/4~1/5 L g
h, RAGOEERE D EBNRD Z ERTHICE 5.

b E LY #Eroh T (LM=25.0), Fig. 9 (c)
CREND L HIe~ LT VA b+ 7 ABRIEMLOE
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& Si-12Cr MBS 7 V) — THEIR S & S & 91

FE L O R MR s &1 X o CHAS R A R L
LD 5. FTihbh, BV EYETS. BRI
MHTER I, RIWEDx v 7L bBEIRS. &
DBFE TR E (~9.5x 10%cm~2) 11L& /e &1k
L5,

IHICBED E LR R (L. M.=26.5), RILYo-5E
#7525 L Fig. 9(d) CRT IS BRI v=v
BB S, BESRITEMNO LRERIC I oTE bic
AT, CoBRBTEMEE (~3.0x10%cm=2) i
SR L, B FITERIE LBk My,Ce, K
Ak MX Blofi#as Rbhs. &0 X 5 RE R
Higole b &, 7)) —-7ERRMEIRD D EBbh
5.

4. & B

TAF g2 EAMARE L, Si HExHEED 0.3~
0.5% 75 0.02% * TETF IR Si-12Cr  HEGH
OERE S X OBMESE B, KoBREEL.

1) & Si 807 ) — 7RI ~OFBIIE LAY
b biT, 550°Cx 10°h o 7 Y — 7R X1 30kg
/mm? §{ji%xAE L, 550°C~600°C AIF T3 S B
BRE&/RLI. Zhik Mo, V, Nb X DEETERY R
BHRM LI LI BHREELBRD.

2) 7Y — 7HEMR Ik JIETEEGRE oRET
1050°C 2 E#¥rc35% &, 1100°C 0Bz EREEC
ERBIOBLEBRED b5, 1150°C i b & B
flcr ) —THEMRIOEIFTLEAL e {Tch, 1100
°C M EoBHIAEIZER TR,

3) ke D & LIREDRNS 700°C $Ed & LI &
570°C+620°C2E¥BEH & LMD 7 V) — FHMIR I B L O
Badh S LIV HET S L, BB 2EED S L
DE. REFECREMOBMA AR b, kS &L
BRALEHS KL T 7V — 7 EEBD B 20T 700°C
Bedh K LHBREFITHS.

4) ZEARM OBBL, WM ENTNT 71 1 RS
S EGLe= AT VA b -1 F+1 VEEGHETH D, 7
) — FREWER X D% 0.5~1.0 kg/mm? HBE TR X
L.

5) 7V~ 7HKRAF OFITH L x OO L g
TrE, BHEVEOL WEILIITOFFEHRIT RIS D
BER IOWHE, BUESHEOHERKCLIOT, <7
VYA b5 ABERBPBE LT WeHEIEIREW. L
Tel O TIENTRB W CRIEIREEIRS.

6) BEMESEEZC LT, AoFERB IR XE
THEBNEREE X HH T LB TE. Tihbb,

550°C~600°C LI FTli=AF VoA + - 5 ANEOB
AT EREN  CREBEMBEEY T A Ln X
DT, TN Y - TERE AT, 650°C Izl Tik
g B omIE LT OBEE, HA(boBREI ik
TX T, L7ehdo T, Si-12Cr it £l o4 &2 i
550°C~600°C LT DR E BT B\ CTHEE THork.
KbV AMEET by, EReBhIhicd
JB BT 27T O BRI R GO I < i e L E T
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