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Long Term Creep Rupture Properties and Microstructure
of 129 Cr Heat Resisting Steels

Ik-Min PARK and Toshio Fujira

Synopsis :

Long term creep rupture properties and microstructure of 12%, Cr heat resisting steels have been in—
vestigated. - It has been found that solid solution hardening by addition of Mo is very effective on long
term creep rupture strength, but precipitation or dispersion hardening by individual addition of V or Nb
is less effective. In the case of Nb, the presence of excessive amounts of undissolved NbC leads to coars—
ening of MX precipitates, and a marked drop in long term creep rupture strength. The combined ad-
dition of V4+Nb with Mo and B leads to the superior 30 000 h creep rupture strength. The parabola—
like decrease in creep rupture curves at 650°C is well concerned with the microstructural changes, in par—
ticular, subgrain growth. Microstructural differences between long term crept specimens at 600°C and
short term crept specimens at 650°C were discussed by considering the parameter, T(C-}-logt). Long
term specimens at 600°C exhibit higher dislocation density substructure with intensive precipitation re—
actions which include both fresh precipitation-in laths and agglomeration at boundaries, and exhibit in—
tergranular fracture probably caused by stress concentration around the agglomerates at boundaries, where—

as short term specimens at 650°C exhibit transgranular fracture.

It is considered that the deviation of

long term creep rupture time from extrapolated values is caused by differences in precipitation hardening

level and fracture mode.
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Table 1. Chemical composition of steels (wt %).
C Si Mn P S Ni Cr Mo v Nb B N
S1 0.22 Q. 43 0.83 0. 007 0. 012 — 10. 56 —_ - — — 0. 037
S2 0.20 0. 36 0. 53 0.017 0.017 0. 09 11.58 1.07 —_ — — 0. 015
S3 0.20 Q. 44 0. 53 0. 005 0. 005 0.08 11. 85 —_ 0.38 — — 0. 015
S4 0.21 0.35 0. 85 0. 007 0.013 0. 05 10. 51 1. 40 — — 0. 051 0.013
S5 0.20 0.31 0.89 0. 007 0.014 0. 05 10. 40 1. 40 0.20 — 0. 042 0. 015
S6 0.19 0. 36 0.85 0. 008 0,012 0. 06 10. 35 1. 41 0.19 0. 049 0.016
57 0.20 0. 32 0. 84 0. 008 0. 010 0. 05 10. 72 1.44 0.25 0 0.027 0.016
S8 0. 20 0.38 0. 86 0. 009 0.010 0.05 10. 59 1.43 0.15 0. 15 0. 026 0. 015
S9 0. 20 0.38 0. 83 0. 009 0. 009 0.05 10. 73 1. 37 0.12 20 0.028 0.017
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Fig. 1. Creep rupture curves of steel S1-S9

(2) at 600°C and (b) at 650°C.
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a) $9:600°C, 20kgf/mm

b) S2:650°C, 3kgf/mm? £=57819h (DPN=163)

Photo. 1.

Photo. 2. Transmission electron micrograph sho-
wing the substructure of the specimen which no
more exhibits the original tempered martensitic
structure. S 2 : 650°C, 3 kgf/mm? t,=57819 h.
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Optical micrographs of the long term crept specimens
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a) S$7:600°C, 20kgl/mm? ¢;=26223h, b) S$9:600°C, 20kgl/mm? ¢,=10595h
¢) §7:650°C, 12kgf/mm? ¢,=32070h, d) S9:650°C, 12kgf/mm? ¢,=6398h
Photo. 3. Transmission electron micrographs of the long term crept specimens.
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(a) Bright field image

(b) EDX spectrum of M;33Cs (A and B type)

(c) EDX spectrum of MC (C type : within lath)

(d) Dark field image using the circled spot in (&) or (f). (M23Ce : B type : at lath boundary)

(e) Electron diffraction pattern of the center region in (a)

(f) Key diagram

A and B type and C type precipitates were identified as M23Cs and MC, respectively, by electron diffraction
Photo. 4. Precipitate characterization.
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(a) STEM image (extraction replica)

(b) EDX spectrum of B precipitates (M3Cg)
(c) EDX spectrum of A precipitaets (VC)

Photo. 5. Precipitate characterization.
S$3;650°C, 3kg/mm?2 ¢,=13864h head region

(a) $2:650°C, 3kgf/mm? ¢{;=57819h head region

(b) $3:650°C, 3kgf/mm? ¢;=13864h head region
Photo. 6. Transmission electron micrographs showing the substructural change after agglomeration

of precipitates in Mo-added and V-added steels.
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Fig. 2. Precipitate characterization. The change
of (a) precipitates amounts, (b) lattice parameter
of M,Ce, and (c) precipitation ratio of carbide
forming elements, with rupture time.
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(a)As quenched
Prior austenite
“3Cﬁ g'ainrbouthry/

NBC or MxCe

(b)As tempered

Undissolved Bainite boundary

(c) 600°C

MX(~03 )

\chomz;m)‘

Recrystallizat
ecryst g mm on M23Cg (1 ~4 bm)

Fig. 4. Schematic representation of microstructure of the 12 CrMoVNb steel

after long term creep test.

Table 2. Comparison of long term creep rupture time with extrapolated value by Larson-Miller

method at the same stress condition.

Short term data

Extrapolated value

Long term data

20 kgf/mm? 650C, ¢ (h) C*1 try (h) C*2 tra (h) 600°C, ¢t (h)
S7 498 35.2 73 747 3.6 45873 26 223
S8 321 34.8 43973 29.0 20 464 11 650
S9 568 3.1 49353 25.7 24 212 10 595

12 kgf/mm? 700°C, ¢t (h) C*1 try (h) C*2 tes (h) 650°C, ¢ (h)
S7 354 35.2 39256 31.6 25 055 26 934, 32070
S8 225 34,8 23129 29.0 11219 14106, 22968
S9 222 31.1 14359 25.7 7320 5550, 6218, 6398

C*1, L. M. constant, is optimized with relatively short term creep rupture data below 2000 h by method of least squares,

and C*2 is optimized with all data.
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Table 3. Microstructural differences between long term crept specimens at 600°C and short

term ceept specimens at 650°C.

Precipitates

Mean diameter of Lattice parameter

D.P.N. Lath width () amounts (wt9b) precipitates (g) of MgCo (A)

20 kgf/mm? 600°C  650°C 600°C 650°C 600°C 650°C 600°C 650°C 600°C 650°C
S7 286 257 0. 31 0.37 5. 48 4. 58 0. 147 0.109 10. 640 10. 595
S8 278 244 0. 41 0.57 5 54 4. 57 0. 167 0.121 10. 609 10. 522
S9 281 254 0. 38 0. 49 5. 43 4. 47 0.188 0.124 10. 587 10. 569

’ .
4 : b <)
e ‘ ; £ pn
‘ y v, b z g
2 . -
‘ | o\ Pve

a) S8:650°C, 20kgf/mm? ¢,=321h
b) S$8:600°C, 20kgf/mm?2 ¢,=11650h

Photo. 7. Scanning electron micrographs showing the differences in fracture mode between short
term crept specimens at 650°C and long term crept specimens at 600°C.
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Fig. 5. The change of hardness at gauge length
region with rupture time.
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Fig. 6. The change of lath width with rupture
time.

Photo. 8. Transmission electron micrograph sho-
wing the substructure of the specimen at the
deviation point of linear extrapolation in the
stress-rupture time relations
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