i1 g X

$% & 4R Tetsu-to-Hagané Vol 88 (2002) No. 11

I

=cr7 154 FRMEMCH T IREE Y —TREK
FHEUCrEFEnNRiEt

O =

_ep L E% - ORE OB - RHE M - Bk BB

Optimization of Cr Content in High Cr Heat Resistant Steels on the Basis of Long Term Creep Strength
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Synopsis : There have been many investigations to improve creep strengths of 9-12% Ctr ferritic steels, aiming to increase the efficiency of power gener-

ation and to reduce CO, emission to the global environment.

We have tried to develop a heat resistant ferritic steel for a steam turbine rotor

which would be tolerable even in the ultra super critical condition (e.g., steam temperatures of 620 to 650°C). In the beginning of alloy de-

sign, the Cr content was increased to strengthen the average chemical bond between the atoms in steel, which resulted in high creep strength

in the test for a short term under the condition of large applied stresses. However, it was found from the creep test for a longer term under the
condition of 650°C, 157 MPa that a 10% Cr steel was much superior in creep strength to an 11.5% Cr steel, contrary to the results obtained
from the creep test for a short term. Thus a series of creep tests was performed with six ferritic steels varying in Cr content in the range of

8.5 to 11.5%. As a result, it was found that an excess amount of Cr had a detrimental effect on the long-term creep strength, because it acted

in some ways to promote the recovery and the softening of the martensitic microstructure in the steels. By this effect, a 9% Cr steel exhibited

the highest creep strength among the six steels under the very long-term creep condition of 650°C, 98 MPa.

Thus the developing of advanced ferritic steels necessitates the optimization of the Cr content.

Key words: ferritic steel; heat resistant; Cr; turbine rotor; martensite; micro structure.
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Table 1. Chemical compositions of tested steels, mass%.
steel [ Si Mn Ni Cr Mo N Nb w Co B N Cr-eq.  Md Bo
A 012 002 001 <001 1009 040 020 008 189 301 0008 0016 533 0852 1.804
B 012 008 001 <001 1138 040 020 008 181 303 0008 0015 714 0855 1811
c 010 003 001 020 856 011 045 007 345 299 0009 0030 495 0852 1.800
D 009 003 001 021 904 01015 006 355 298 0009 0020 592 0.853 _ 1.803
E 010 003 001 021 951 0f1 015 006 358 299 0009 0020 607 0854  1.805
F 005 008 001 021 1006 011 015 006 355 302 0011 0020 674 0.856 _ 1.808
G 010 003 001 020 1050 010 015 006 354 300 0010 0021 689 0856 1810
H 010 003 001 021 1159 _ 011 015 007 360 304 0010 0020 807 0.860  1.815
I 009 003 001 021 998 011 015 006 315 299 0010 0020 520 0854 1.807
J 009 002 001 020 1006 011 015 006 409 301 0011 0020 .57 0858 1.810
K 009 003 001 020 998 011 015 _ 007 451 298 0011 0021 837 0.859  1.810

Cr-eq.=[Cr%]+6[Si%]+4[Mo%]+1.5[W%]+11 [V%]+5[Nb%]—40[0%]—2[Mn%]-4[Ni%]-30[N%]—2[Co%]
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Table 2. Transformation temperatures of tested steels, °C.
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Fig. 1. Hardness change with tempering temperatures of
the 8.5-11.5% Cr steels.
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Fig. 2. Effect of Cr content on the mechanical properties.
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Fig. 3. Effect of W content on the mechanical properties.

795 I



796 $5& 38R Tetsu-to-Hagané Vol. 88 (2002) No. 11

PP ERTBEI N2 B,

3.3 7U—-7EHR&

3:3-1 3 A,B

AWFROHFENZIL, 1.9%DWEEBL, CrEDANE
B A, BO2@fEIZDWT, 600°C, 650°C, 5 kO
700°CH 2 ) — THMRBR % 1T > 72, T DGR % Fig. 412
AT, RIZAT &5, rEEEDENICEDEK S 3
BT 58 X OMLEAHERR X /=, 650°C D 245 MPa, 600°C 35
XTT700°CHONTHE FIBHERRED 2 ) — FREBE ST
X CrEDZVBMOEMF@A RV, Zhid, 3-28HD
Fig. 1, Fig. 2{Zfl@Zm L7z & 512, BR LILIEHi L 5]
RBRESAMIOBMTEWIEEHRHEBLTWS, LiL
BAS, 650°CIZI5 i) 5 2000 B %48 A 5 BRSO
WX CrE& A AMICHAREVBHMIZBEWTARELKT
FTA5ZEAHBAL 22, 137MPadD B} Tid AR A3 7 B S0
8700 KM £ D DIz L, B T 24500/ & 3150
DEEZHELC TS, Fig sOFRIBEIOTRIZIZZ Y —F
B, D ERL T30, RAKSELISER T 2 4E
BOBETIRED R THEN, BVWCB*EHTABMT
DREEHEE 2 ) — THREOK TR, NAHIES
HOBMIZLB0WbW3 2 Y — FHEL D& 2R 28k
KoTWBZLenELLNS, CTEFTDEIZELD, B
REEIZ U —THRBIZNLIDE I A RELEERERLAL NS
ZLIIHEHBIETEIDTHD, ZOHBERIZKRED
CrEZHME2EBRRHETS L L L7,

3-3-2 HEABMC, D, E,F G H

HIEHTHRY 7, B B2 ) — THkEE & D
HELDRKIZHEANDS 2280, 3.5%DWERML -84
HRELT, CrEE852 5 11.5%DEHHTEL X ¥ -6
HEAM (C 2 5 H)IZ DWW T 650°Cic BT 3 BERZ ) —F

500

400 —e—:600C
o —a—: 650°C
© 300 ‘.\Oi. —A—: 700°C
o
= o
w
o 200
o o
- " o
% ‘\\ \\ \D\]
& A A '\ \,
100 .

90| Open :10.1Cr(A)

80F Solid :11.4Cr(B)
100 —+—+ }

A—a=D A w0

L]
; 0f e —Qe—mT—— o .
u/

reduction
of area, %

60 |- -

4 4 4
+HH — 4 i

40

20 -5”9752‘—.(;/‘ o

A % 0—0-—0-0

elongation, %

0 btaaad P | PR |
100 1000 10000

creep rupture time, h

Fig. 4. Creep properties at 650°C for high Cr steels con-
taining 1.9% W.
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containing 3.5% W.
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Fig. 7. Creep rupture curves of high Cr steels containing
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Fig. 8. Transmission electron micrographs of a) E steel
and b) H steel in the as-tempered state.
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Fig. 9. X-ray diffraction pattern of the extracted residue in
F steel in the as-tempered state.
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Fig. 10. Transmission electron micrographs of a) E steel
and b) H steel crept at the condition, 650°C,
157 MPa.

Fig. 11. Transmission electron micrographs of 9Cr and
10.5Cr steels aged at 650°C for 11000 h.
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Fig. 12. Creep curves of 8.5-11.5Cr steels tested at the
condition, 650°C, 157 MPa.
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Fig. 13. Creep rate—time curves of 8.5-11.5Cr steels tested
at the condition, 650°C, 157 MPa.

107 T T T T T v ]
1
650°C, 157MPa ]
T_C
]
[
a
]
e
]
5 ¢}
E
£
£ m-s | ,-
1 s 1 . 1 R 1 . s
8 9 10 11 12

Cr content, mass%

Fig. 14. Effect of Cr content on the minimum creep rate.
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Fig. 15. Effect of Cr content on the time to minimum
creep rate.
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