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Effect of B on Microstructural Change during Creep Deformation
in High Cr Ferritic Heat Resistant Steel
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: In order to investigate the effect of the boron on microstructural change during the creep deformation of the high Cr ferritic heat resistant

steel, the change of precipitate, microstructure and hardness during creep deformation was evaluated. Creep strength increases by suppress-
ing creep deformation with increasing the boron content. The type of the precipitate doesn’t change by the boron addition. M;C¢ and MX
precipitate at quality heat treatment, and then in addition, the Laves phase also precipitates during creep deformation. It is confirmed that the
coarsening of M,,C, and Laves phase is suppressed and the refinement of MX is promoted by the addition of boron. In the boron free steel,
the recovery of lath martensite structure such as the increase of the martensite lath width and the change into subgrain structure, progresses
during creep deformation, and then homogeneous subgrain structure is observed in crept specimen. On the other hand, in 140 ppm boron
containing steel, the lath martensite structure is kept within the grain, though subgrain is observed along prior austenite grain boundary in
crept specimen. In accelerated creep region, the reducing of hardness of 140 ppm boron containing steel is smaller than that of boron free
steel by the heterogeneous recovery at the gage portion. From the evaluation of the creep interrupted test material, it was confirmed that the
addition of boron contributed to the creep strengthening by stabilizing the precipitate and suppressing the recovery of the lath martensite
structure in the high temperature and long term condition.

heat resistant steel; high Cr steel; rotor; boron; creep deformation; creep rupture strength; recovery; subgrain; M,;Cq; MX; Laves; mi-
crostructural change.
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Table 1. Chemical composition of laboratory heats (mass%).

C Si Mn P S Ni

Cr

Mo v Nb w Co B N

B free 0.13 0.02 0.08

0.009 0.0015 0.23 10.29

069 020 0.06 1.77 3.12 0.0237

50ppm B 0.09 0.03 0.08

0.007 0.0012 0.24 10.17

0.67 0.19 005 181 298 0.0050 0.0217

140ppm B 0.11 0.03 0.07

0.008 0.0012 0.24 10.35

0.71 0.20 0.07 181 3.00 0.0140 0.0225

Fig. 1. Optical micrographs of laboratory heats as QT condition.
a) B free steel, b) 50 ppm B steel, c) 140 ppm B steel
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Table 2. Mechanical properties.

Tensile property at room temperature Impact property

Steel 0.02YS 0.2YS TS El. RA. FATT
MPa MPa  MPa % % T
B free 643 750 895  22.1 60.3 62
50 ppm B 631 760 904 22.1 60.3 65
140ppm B 649 757 903 222 629 82
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Fig. 2. Measured creep curve of laboratory heats.
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Fig. 3. Relationship between creep strain rate and elapsed
time.

Fig. 4. Transmission electron micrographs of as QT condition.
a) B free steel, b) 140 ppm B steel

Fig. 5. Transmission electron micrographs of B free steel during creep deformation at 650°C.
a) interrupted at 1200 h, b) ruptured at 1638 h
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Fig. 6. Transmission electron micrographs of 140 ppm B steel during creep deformation at 650°C.
a) interrupted at 2000 h, b) ruptured at 3430 h (within grain), ¢) ruptured at 3430 h (grain boundary)
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Table 3. X-ray analyzed results of extracted residue from
interrupted creep specimen (creep test tempera-
ture : 650°C, applied stress: 157 MPa).

Steel As QT 250h 500h 1200h 2000h*?
Bwe  MCoax Malo MK Mol e ames
soppmB MaCMx  — Ml MR M e
wopmB M Mx - MG MEGR G

*1) 1638h ruptured specimen was used in the analysis of B free steel
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13, 9Cr-1.8W#i & B\ T TTP #R[X % FRELL , Laves fHD
Wit ) — X &/ TV B A, 650°C Tl 300 FERELA_EOLRE:
T Laves T A3 TEHE D, BITEERLE BT 5,

7, TP EThEAENEKEBIIKTIBOREL

681 NN



I 652

$% &R Tetsu-to-Hagané Vol. 88 (2002) No. 10

LT, VEZRAD S EIHRBBO Oz, ZOMDOAEE
LRBRIBAMOHE#IZLAYR I A5, TIT,
BEORBIZILY 4 XA 9200nmD 7 4 L & — W
%, LY 4 X930nmD T 4 L F —FFHNT EHN S, 930
nm B EDHHBRB IR TEESTEh T3, Vid MX
DEBEITLETH 32, EELD BHEBEL T B L5102,
MX BAFEOHHRILIZE LS FE5 T35 TH B Z
EHRHMEN TS, £72, Lundin 59 IX, APFIM % W
TBARMEC 7 2 54 FADOBRL~YLT V44
FIZ Cr, ,Fe, C, N DY) v FafuMritt& BRI LTk,
Glen® IZK DFHHE N7, BNDOERBIZWAIN LM
YVIH N L IHREROBRT Z LTl 2y =Y
gL, 2 —-TEROEI L kB LEZ S Latent creep
resistant {Z B DRMAEF 5§35 Z & #/RK L 72, Murayama

1.5
1.0 |-Fe o o
22 0.0 L L i s 1 N 1
2 1.5}Cr ° s
E jo} O
S 05
g 0.0 1 1 P TR 1
2 04M
E o3l O—ennanne
g 02} 0,///
a 0.1F
£ 0.0 1 L 1 " 1 A ]
E 1o bW JRE—
—O—B free
£ o5t o
@ 0.0 r . :
< 0.09 FV
= 0.06 F m")
z " o—
o 0.03f @
= 0.00 N S S
3 0.09 ~Nb
E 0.06 | n o
< - QO
003 ©
0.00 T S TR |
0.012 B .
0.008 |- ®
0.004
0.000 L L
As QT 400 800 1200

Aging Time at 650°C , hrs

Fig. 7. Chemical analyzed results of extracted residue for
interrupted creep specimen at 650°C.
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Fig. 8. Transmission electron micrographs of precipitates in gauge potion during creep deformation at 650°C.
a) B free steel (1638h), b) 140 ppm B steel (2000 h)
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Fig. 9. Identification result of precipitates by using ruptured specimen at 650°C.
a) B free steel (1638 h), b) 140 ppm B steel (3430 h)
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Fig. 10. Transmission electron micrographs of precipitates in gauge potion during creep deformation at 650°C.
a) B free steel: As QT, b) B free steel: interrupted at 1200h, c) B free steel: ruptured at 1638 h, d) 140 ppm B steel: As
QT, e) 140 ppm B steel: interrupted at 2000 h, f) 140 ppm B steel: ruptured at 3430 h
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Fig. 11. Growth behavior of precipitates in gauge potion

during creep deformation at 650°C.
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Fig. 13. Comparison of change in hardness during creep
deformation at 650°C.
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